
North American Journal of Sports Physical Therapy | Volume 5, Number 4 | December 2010 | Page 194

ABSTRACT

Background: Representative data on typical pitch volume for collegiate pitchers functioning in their specific 
roles is sparse and is needed for training specificity. 

Objective: To report pitch volumes in Division I collegiate pitchers. The authors hypothesize that pitcher role 
will result in different pitch volumes.

Methods: Pitchers from twelve Division I collegiate baseball teams pitch volume during the 2009 baseball sea-
son was retrospectively reviewed through each team’s website. The number of pitches and innings pitched for 
each pitcher were recorded. Pitchers were categorized based on their role as “Starter-only” (n=15), “Reliever-
only” (n=76), or “Combined Starter/Reliever” (n=94) and compared using ANOVA.

Results: “Starter-only” pitchers threw the most pitches (97±10) and pitched the most innings (6.0±1.0) per appear-
ance (p=<.001). “Combined Starter/Reliever” functioning as a starter threw significantly more pitches (68±19) and 
pitched more innings (4.0±1.3) per appearance compared to “Combined Starter/Reliever” functioning as a reliever 
and “Reliever-only” pitchers (p=<.001). The cumulative volume during a 13 week regular season revealed that 
“Starter-only” pitchers threw significantly more total pitches (1204±387) compared to “Combined Starter/Reliever” 
pitchers (613±182) who threw significantly more than “Reliever-only” pitchers (254±77) (P<.001). 

Discussion: Pitcher’s specific roles and representative volumes should be used to design training and rehabilita-
tion programs. Comparison of this data to reported adolescent pitch volumes reveal that adolescent pitch vol-
ume per appearance approaches collegiate levels.

Conclusions: Collegiate pitcher roles dictate their throwing volume. Starter-only pitchers (8%) throw the great-
est cumulative number of pitches and should be trained differently than the majority of college pitchers (92%) 
who function primarily as a reliever or in combination starter/reliever roles that on average only requires 
approximately 40 pitches per appearance. 
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INTRODUCTION
Baseball pitchers are at risk for upper extremity 
injury due to the repetitive nature of the sport. An 
increase in the volume of throwing performed by 
pitchers has been shown to increase the risk of upper 
extremity injury, particularly in adolescent baseball 
pitchers.1-3 Several studies have established a rela-
tionship between throwing volume and shoulder/
elbow injuries among youth baseball pitchers.1, 2, 4 
Additionally, researchers have shown that adoles-
cent pitchers with a single game pitch volume of 75 
or more pitches are 1.5 times more likely to experi-
ence upper extremity joint pain.1 Adolescent pitch-
ers who threw more than 75 pitches in a game setting 
were 3.2 times more likely to experience shoulder 
pain compared to pitchers who threw fewer than 25 
pitches.2 These findings suggest that a major poten-
tial factor contributing to upper extremity injuries is 
pitch volume.

The volume of pitching, in particular the pitches and 
innings per appearance, has been shown to increase 
from adolescent to high school to collegiate levels.5 
Adolescent starting pitchers threw an average of 58 
pitches and averaged 2.66 innings per outing. High 
school starting pitchers threw an average of 77 
pitches and 5 innings per outing. In contrast, colle-
giate starting pitchers threw an average of 90 pitches 
and 5.66 innings per outing.5 The increased quantity 
of pitches and innings pitched may place collegiate 
pitchers at a higher risk of injury but limited infor-
mation exist on typical collegiate pitch volume. 

Collegiate baseball pitchers account for 21% of all 
injuries sustained in baseball.6 Dick et al.,6 reported 
in a 16 year injury surveillance study that 1623 
shoulder injuries and 836 elbow injuries occurred in 
Division I collegiate baseball. Forty-four percent 
(709) of these shoulder injuries and 56% (465) of 
these elbow injuries were associated with pitching.6 
Twenty four percent of all injuries in baseball play-
ers occur about the shoulder complex with 64% of 
these injuries arising from rotator cuff tendinopathy.3 
The mechanism most associated with these shoul-
der complex injuries are repetitive overuse injuries 
associated with pitching.3

The relationship between pitching volume and risk 
of shoulder /elbow injuries is well established in 

adolescents and has evoked rule modification regard-
ing pitch volume. 1 It is logical that a similar relation-
ship could exist at other levels of play. Axe5 reported 
average pitch volumes for a single collegiate team 
over the course of a season but may not be represen-
tative of all collegiate baseball players. Therefore the 
purpose of this study is to describe the volume of 
pitching for pitchers from multiple college teams at 
the Division I level. The authors hypothesize that 
pitcher role as a starter, reliever, or combined role 
will result in different pitch volumes. 

METHODS
The box scores for twelve NCAA Division I baseball 
teams from the Southeastern Conference (SEC) dur-
ing the 2009 baseball season were reviewed to obtain 
all data for this study. The SEC is representative of a 
competitive conference with many participants pur-
suing professional baseball careers. Prior to initiat-
ing this study, an exempt research status was granted 
by the University’s Institutional Review Board (# 
09-0622-X2B). 

DATA COLLECTION
Data were collected at the team and pitcher level. 
All data were collected from each team’s or oppo-
nents’ website. 7-18 Games played ranged from 54-73 
with an average of 61 games played per team, includ-
ing tournament games. 

Pitch data were collected from the “box score” statis-
tic page provided for each game. The order of the 
box score was set up in a standardized manner so 
that the pitcher’s role in a game could be identified. 
Starters, for a particular game, were always listed 
first in the box score. Subsequent pitcher names 
were functioning as relievers for a particular game. 
This allowed pitchers to be categorized into four cat-
egories: “Starters-only” (n=15, S-O) were pitchers 
that always functioned as starters throughout the 
season. “Relievers-only” (n=76, R-O) were pitchers 
that always functioned as relievers throughout the 
season. “Combined Starter/Reliever” (n=94, C S/R) 
was defined as the pitcher that had at least one role 
as both starter and reliever in two different games. 
This category was further subdivided into “Com-
bined Starter/Reliever as a Starter” (CS) or “Com-
bined Starter/Reliever as Reliever” (CR) based on 
the pitcher’s role for a particular game. 
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pitches by week using a linear mixed models to com-
pare pitcher groups over the season and to deter-
mine if the volume of pitching differed for the three 
groups over time. Significance was set at the P < 
0.05 level a priori for all analyses. Statistical analysis 
was performed using SPSS v17 (SPSS, Chicago, IL).

RESULTS
One hundred eighty-five pitchers were recorded as 
having participated in 732 games totaling 6,440 
innings of pitching during the 2009 season. (Table 1) 
On average, each SEC team had 16 ± 2 pitchers. 
Descriptive statistics for the innings pitched per 
appearance, number of pitches per appearance, and 
the number of pitcher/inning per appearance, by 
pitcher category is presented in Table 2. There was a 
significant interaction indicating pitcher categories 
were different for the average innings pitched and 
average number of pitches (p<.001) but no signifi-
cant difference between average number of pitches 
per inning was found between pitcher categories 
(p=.363). (Table 2) Bonferroni post-hoc analysis 

Data were entered as one observation for each 
pitcher-game combination, resulting in 2,593 appear-
ances. Of the 2,593 appearances, there were 
409/2593 (15%) pitcher-game records that did not 
have the number of pitchers recorded even after 
examining opponents’ websites for data. For each 
pitcher the number of innings pitched (IP), and the 
number of pitches thrown (NP) was recorded. 
Innings pitched were recorded as a percentage out 
of 3 outs. For example, a box score of 3.2 indicates 
that a pitcher threw for 3 complete innings and 2 
additional outs were recorded as 3.66 innings 
pitched. Number of pitches was the overall number 
of pitches thrown by each pitcher during the game 
and did not include any warm ups or pick-off 
attempts. Pitching efficiency was calculated as the 
number of pitches per inning (pitches/innings).2

The cumulative volume of pitching during the sea-
son was calculated as the number of pitches thrown 
for a week was summed for each pitcher. For this 
calculation, the sub-categorical roles for the “Com-
bined Starter/Reliever” were not utilized as total 
pitch volume for the season was the variable of inter-
est. Based on the availability of complete data for the 
13 weeks of the regular season (February 20 to May 
16, 2009) this decreased the number of pitchers to: 
S-O(n=8), R-O (n=41), and C S/R (n=41). 

STATISTICAL ANALYSIS 
The unit of analysis was the pitcher so data were 
averaged for each pitcher to create a single value for 
the dependent measures of average number of 
innings pitched per appearance, average number of 
pitches per appearance, and average pitches/inning 
per appearance. These data were then summarized 
with descriptive statistics (number of participants, 
mean, and standard deviation). These descriptions 
were provided by the independent variable pitcher 
category. To determine difference between pitcher 
categories for each dependent measure, one-way 
ANOVA with Bonferroni post-hoc analysis was used 
when appropriate. The investigation of pitcher cat-
egories over the weeks in the season was performed 
using linear mixed models.

An average of the total volume of pitching over the 
course of the season was also calculated for S-O, R-O, 
and C S/R pitchers by accounting for the number of 

Table 1. The number of pitchers participating in the 
2009 season and the number of games played by each 
team in the Southeastern Conference.
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DISCUSSION
The primary purpose of this study was to describe 
the typical volume of pitching over the course of a 
season for different roles of collegiate baseball pitch-
ers. This study revealed that different types of pitch-
ers throw significantly different amounts of pitches 
and participate in a significantly different number of 
innings over the course of a complete spring colle-
giate baseball season. This study also revealed that 
there is a significant difference between types of 
pitchers and the rate of weekly pitching. The only 
previous study to investigate collegiate pitching vol-
ume presented data from a small sample of pitchers 
from a single team.5 There is the potential that data 
can be skewed from a single team based on abilities 
of a team or coaching philosophy. However, the 
increased sample size of pitchers in our study 
reduces the chance of the data being skewed. This 
report further substantiates data from the previous 
study which analyzed a single team. The previous 
study reported that starting pitchers pitched an aver-
age of 5.58 innings per appearance and threw an 

revealed that S-O pitchers on average threw more 
number of innings per appearance and number of 
pitches per appearance, than all other categories 
(p<.001) and the pitchers categorized CS threw 
more pitches and more innings than the CR and the 
R-O categories (p<.001). (Table 2)

There was a significant interaction between pitcher 
category and week in the linear mixed model, indicat-
ing that the increasing rate of the cumulative number 
of pitches was different depending on the pitcher cat-
egory (p<0.001). Specifically, the three pitcher cate-
gories are similar at the start of the season; however, 
at week 9 the S-O experience a steeper increase in 
pitches than the other two groups. (Figure) S-O, C 
S/R, and R-O pitchers threw an average total of 
1244±387, 605±182, and 254±77 cumulative pitches, 
respectively, by the end of 13 week regular season 
(p<.001). The rate of pitch volume differed by pitcher 
category, S-O threw 99 pitches per week, C S/R threw 
47 pitches per week, and R-O threw only 20 pitches 
per week over the course of the 13 week season. 

Table 2. Descriptive statistics, (mean ± standard deviation), of the two dependent variables: Innings pitched and 
number of pitches averaged across appearance is compared across the 4 pitching categories with P-Value indicating 
level of signifi cance for each ANOVA. Pitching effi ciency, represented by pitchers per inning, descriptive analysis 
and comparison across pitching categories which revealed no signifi cant differences for pitching effi ciency.
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help medical staffs and coaches plan training regi-
mens and recovery periods for collegiate pitchers. In 
addition, healthcare professionals and coaches, alike 
can utilize these “normal pitch totals” for each type 
of pitcher to monitor their pitcher’s throwing vol-
ume throughout the course of the regular spring sea-
son. The pitches per appearance and cumulative 
volumes of college pitchers compared to adolescent 
pitchers suggest that young pitchers are being asked 
to perform at or above collegiate levels. Axe et al.5 
reported that adolescent pitchers throw an average 
of 58±26 pitches per appearance. The average pitch 
volume for all collegiate categories combined is 41 
± 26 per appearance. The majority (92%) of college 
pitchers are categorized as either C S/R or R-O and 
their average pitch volume is 46±21 and 23±7 per 
appearance, respectively. Previous research has 
identified those adolescent pitchers throwing more 
than 600 pitches over the course of a season are at 
3.5 times more risk for elbow pain.2 The majority of 
collegiate pitcher’s cumulative pitch volume during 
a competitive season is approximately this value or 
below. Only 15/185 (8%) of college pitchers func-
tioning in S-O pitching roles consistently throw more 
cumulative pitches during a season than the reported 
adolescent pitcher volumes. 2, 5 These data suggest 
that collegiate pitchers throw less pitches than the 
volumes reported for adolescent pitchers. 

The findings provide further support for the sug-
gested pitch volumes for interval throwing programs 
to prepare a collegiate pitcher for competition and 
add that their pitching role should affect their train-
ing volumes.5 Axe et al.,5 prescribe between 15-20 
throws per set with the sets varying depending on 
the phase of the throwing progression. Wilk et al.,19 
prescribe 2-3 sets with 25 throws per set. This 
matches well with the average pitches per innings 
for all pitchers combined of 19±4 pitches per inning. 
There was no difference between the pitcher classi-
fications for pitches per inning, therefore, the num-
ber of pitches per set appear reasonable. These data 
would suggest that the pitchers’ role on the team 
should dictate the number of sets used. Collegiate 
starting pitchers should throw 4-5 sets of approxi-
mately 20 pitches, while relievers should throw no 
more than 2-3 sets of 20 pitches to simulate their 
demands. These pitch volumes can be used by the 

average of 90.24 pitches per appearance.5 The cur-
rent study found that S-O pitchers participated in an 
average of 6±1 innings per appearance and threw 
97±10 pitches per appearance. In the current study 
R-O pitchers participated in 1.33±.66 innings per 
appearance and threw 23±7 pitches per appearance. 
This is slightly lower than the average of 1.97 innings 
per appearance and 34.8 pitches per appearance 
previously reported for relievers.5 

The cumulative collegiate pitch totals over the 
course of a 13 week regular season have not been 
previously reported. The rate at which volumes 
accumulate is statistically higher at 99 pitches per 
week in the S-O pitchers compared to the other cat-
egories. (Figure ) The rate is relatively linear for 
each category; however, S-O pitchers demonstrate a 
rise in pitch volume at week 9 of the regular season, 
which is speculated to coincides with the attempt of 
each team to make postseason play. These data are 
only representative of the pitching during spring 
regular season games and do not represent total 
pitch volumes that are experienced by collegiate 
pitchers throughout the course of a year. The rate 
and total volume are important information that can 

Figure 1. Illustrates the difference in cumulative pitch vol-
ume rate for the 13 week regular season for three pitching 
categories of “Starter-only” (S-O), “Reliever-only” (R-O), and 
“Combined Starter/Reliever” (CS and CR)
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information provides representative data for pitch-
ers from a collegiate conference and identifies typi-
cal pitch volumes by appearance. Pitch volume 
varied considerably based on specific pitcher role 
across a competitive season. These representative 
volumes can be used to assist those who are respon-
sible for developing training programs for collegiate 
baseball pitchers to simulate game demands and 
volumes. The collegiate pitch volumes on average 
were at or below levels previously reported adoles-
cent pitch volume which was unexpected and is 
worthy of further investigation into relationship 
between pitching volumes and injury rates in these 
populations.
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medical staff in prescribing return to throwing pro-
grams following injuries and also by coaching staffs 
to simulate game like situations in preparing their 
pitchers for the upcoming season. Although this data 
is likely to be already recognized in general by coach-
ing staffs this research provides more specific repre-
sentative counts by category of pitcher. The current 
study indicates that collegiate pitcher types have dif-
ferent demands and therefore should be trained 
accordingly. To mimic game volume, these data indi-
cate that starting pitchers should be trained to pitch 
with endurance over the course of several innings, 
whereas relief pitchers should be trained to pitch 
effectively for a much shorter period of time. Most 
importantly, it is imperative that healthcare profes-
sionals develop return to throwing protocols specifi-
cally for each type of pitcher and the demands that 
they will be expected to manage during competitive 
situations instead of developing a “cookie cutter” 
throwing protocol without regard to pitcher type. 

This study has several limitations that should be con-
sidered when interpreting the data. One limitation is 
that these data were collected blindly and retrospec-
tively from available data. This study did not account 
for injuries that may have been experienced through-
out the baseball season that would likely affect pitch 
volume. This information would be beneficial in 
determining injury risk associated with volume of 
pitching, however, that was not within the scope of 
this study. Potential future research could record 
injury rates in addition to volume of pitching at the 
collegiate level to identify risk of injury. Another lim-
itation is that the investigators are unaware of the 
actual role of each pitcher as defined by their respec-
tive teams. Therefore, there is the potential for 
improper categorization of each pitcher. The pitch 
volumes presented are only game recorded pitches 
and likely under-represent the total volume as prac-
tice, pre-game, and between innings pitches were not 
collected.. Further research is needed to address 
these limitations with a more comprehensive longitu-
dinal study encompassing a full year of pitching at 
the collegiate level. 

CONCLUSIONS
Healthcare professionals and coaches accustomed to 
working with collegiate pitchers are likely to be 
aware of these pitch volumes in general. This 
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ABSTRACT
Study Design: Clinical Measurement, Reliability, Descriptive Study

Objectives: To establish intrarater and interrater reliability of the Side-lying Thoraco-lumbar R  otation Measurement (STRM) and to explore fre-
quencies and magnitude of rotational differences that exist in various musculoskeletal conditions. 

Background: Limitation in thoracic rotation could lead to increased motion at adjacent areas (i.e., shoulders and low back). This could potentially 
lead to excessive strain and subsequent injury from repetitive stress. Currently,   there is no well-established method to reliably measure and objec-
tively quantify thoraco-lumbar spine rotation.

Methods: Intrarater reliability was assessed by a single investigator performing three STRM measurements on 10 participants on two consecutive 
days. Interrater reliability was assessed by two independent examiners, performing the STRM on 30 participants. Reliability was assessed using the 
intraclass correlation coefficient (ICC) statistic. To explore the incidence and magnitude of side-to-side thoraco-lumbar rotation differences, the 
STRM was measured on 156 participants of various musculoskeletal conditions. 

Results: The intrarater reliability of the STRM was excellent (ICC=.94). The interrater reliability was good (ICC=.88). Fifty four percent of the 
sample exhibited greater than a 10% side-to-side difference in the STRM while twenty percent exhibited greater than a 20% side-to-side 
difference. 

Conclusion: The STRM can be used as a reliable and objective method to quantify thoraco-lumbar spine rotation. It also appears that a large per-
centage of patients with varied musculoskeletal complaints may have greater than a 10-20% asymmetry in spinal rotational movement. Future 
research is needed to determine the clinical applicability and relevance of these findings. 

Level of Evidence: 4

Key words: Thoraco-lumbar rotation, reliability 
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INTRODUCTION 
The body is a complex system of interrelated parts, 
dependently linked together for optimal perfor-
mance. Either excessive movement or lack of move-
ment in one area can greatly hinder the performance 
of another area. Rehabilitation is often geared toward 
achieving a proper balance of strength and motion 
of the injured anatomical part and surrounding 
structures. Objectively assessing joint range of motion 
(ROM) and subsequent therapeutic intervention aimed 
at correcting existing impairments are essential 
skills used by rehabilitation experts. 

While the thoracic spine is a key contributor to func-
tional rotation in the human body, reliably measuring 
and objectively quantifying thoracic rotation is not 
straightforward. Nonetheless, research would suggest 
that treatment directed at the thoracic spine leads to 
favorable results for several musculoskeletal condi-
tions. Cleland et al.6 showed that thrust mobilization/
manipulation to the mid thoracic spine led to reduc-
tions in pain and disability in people with neck pain. 
Bang et al.2 and Bergman et al.3 demonstrated that 
directing manual therapy intervention at the shoul-
der girdle, ribcage, thoracic spine and cervical spine 
led to favorable outcomes for treating shoulder dys-
function. Although the results reported by these 
authors are favorable, it is unclear if the improve-
ments were due to an increase in rotational motion of 
the thoracic spine. The inability to establish a cause 
and effect between increasing thoracic ROM and 
obtaining a reduction of symptoms in these studies 
may be due in part to the absence of a feasible and 
reliable method to assess rotational movement of the 
thoracic spine. 

The authors of the current study were able to find only 
one study that reliably measured thoracic rotation in 
conjunction with a group of symptomatic patients. Al-
Eisa et al.1 quantified thoracic spine rotation limita-
tions in a group of patients who were symptomatic 
with regard to low back pain. They also determined 
that a significant correlation existed between unilat-
eral SI joint dysfunction and contralateral limitation in 
thoracic spine rotation as well as bilateral thoracic 
spine rotational limitations in symptomatic back pain 
patients. The measurement techniques used to assess 
thoracic rotation, however, were elaborate and not 
practical for use in the clinical setting. 

Other clinically viable techniques to assess spinal 
rotation have been developed and tested but have 
demonstrated poor inter-rater and intra-rater reliabil-
ity.5 Currently, there is no well-established and rou-
tinely utilized clinically viable method to reli  ably 
measure and objectively quantify thoracic rotation. 
Due to the difficulty of measuring thoracic spine rota-
tion in isolation, it is more clinically feasible to include 
the minimal rotational contributions of the lumbar 
spine7 into a global trunk rotation measurement. The 
primary purpose of this study therefore was to estab-
lish intrarater and interrater reliability of the Side-
lying Thoraco-lumbar Rotation Measurement (STRM) 
using a standard physical therapy bubble inclinome-
ter. The authors hypothesized that thoraco-lumbar 
rotation could be reliably measured using the STRM 
between clinicians with an ICC > 0.80. A secondary 
purpose was to explore frequencies and magnitude of 
thoraco-lumbar rotational differences that exist in 
patients presenting with various musculoskeletal con-
ditions of the spine, upper, and lower extremities. 

METHODS

Participants:
Participants included males and females between the 
ages of 17 and 24 who sought medical care in a direct 
access, sports-medicine physical therapy clinic. Par-
ticipants who reported they had a new musculoskel-
etal complaint of an upper or lower extremity or of 
the spine were invited to participate. Potential partici-
pants were initially screened by one co-investigator 
(JPG) to determine if they met the basic criteria for 
the study. Participants signed an informed consent 
and HIPPA addendum prior to participation. This 
study was approved by the Institutional Review Board 
at Keller Army Community Hospital.

Procedures:
The STRM technique is described in detail in Table 1 
and illustrated in Figure 1. To assess intrarater reli-
ability the primary investigator performed the STRM 
on 10 participants over two consecutive days. Each 
side was measured 3 times, alternating between the 
left and right. The 3 measurements were averaged 
for analysis. This method required the participant to 
flip over from left to right side several times during 
the course of the measurement. After the intrarater 
reliability was assessed, the measurement process 
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which they performed the measurements and were 
blinded to the results of the other investigator. 

To explore the frequency and magnitude of side-to-
side thoraco-lumbar rotation differences, the same 
investigator (BDI) performed the STRM on 156 par-
ticipants as a screening measurement. The STRM 
for both the right and left sides were recorded. The 
difference between the 2 sides as well as the per-
centage difference between sides were calculated. 

was streamlined to make it less cumbersome and 
therefore more clinically feasible. To assess interra-
ter reliability, two independent examiners performed 
the STRM on 30 participants by taking two consecu-
tive STRMs on each side and recording the average 
for each side. Two measurements were taken for the 
interrater reliability portion of this study, because 
reliability results were virtually equal when averag-
ing 2 versus all 3 measurements during the intrarater 
portion. The two investigators alternated the order in 

Table 1. Steps for performing The Side-lying Trunk Rotation Measurement (STRM).

Figure 1. The Sidelying Thoracic Rotation Measurement (STRM), start and fi nish positions. Note placement of inclinometer.
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the data. Frequencies and the magnitude of rotation 
differences that were observed in various musculosk-
eletal conditions were calculated. Data was analyzed 
using SPSS Statistics v. 18.0 (SPSS, Inc., Chicago, IL). 

RESULTS

Reliability
One hundred fifty-six participants (131 males, 25 
females, mean ages of 19.8 � 1.7 and 19.2 � 1.5 years 
respectively) participated in the study. The mean 
STRM across the sample was 55.2 � 9.7 degrees on the 
right and 53.6 � 10.7 degrees on the left. The intrarater 
reliability of the STRM on 10 participants was excellent 
(ICC = .94) (2,1). The interrater reliability of the STRM 
on 30 participants between two clinicians was good 
(ICC = .88) (2,1). This value was similar for both left 
(ICC = .87) and right (ICC = .89) side measurements. 

Side-to-side Thoraco-lumbar Rotation 
Differences
The mean STRM was fairly consistent across symp-
tomatic regions of the body (Table 2). There was a 
mean side-to-side thoraco-lumbar rotation differ-
ence of 7.2 � 4.9 degrees or 12.7 � 8.7%. The side-
to-side difference assessed by the STRM was fairly 
consistent across symptomatic regions of the body 
(Table 3). Eighty-three of 156 (54.8%) had a 10% or 
greater side-to-side difference in the STRM while 
thirty-one of 156 (20%) had a 20% or greater differ-
ence in the STRM (Table 4).

DISCUSSION
The primary finding of this study was that the STRM 
can be used reliably to assess thoraco-lumbar spine 
rotation. There was excellent intrarater reliability 
and good interrater reliability. Also, results suggest 
that a large percentage of patients with varied mus-
culoskeletal complaints may have greater than a 
10-20% asymmetry in spinal rotational movement. 

The anatomy of the thoracic spine in the presence of 
the ribcage presents challenges in assessing normal 
movement as well as clinically measuring side-to-side 
rotational differences. One difficulty is solely measur-
ing thoracic rotation without lumbar rotation. This is 
analogous with the difficulty of measuring glenohu-
meral flexion without motion contributions of the 
scapulothoracic joint. While the STRM does incorpo-
rate both the thoracic and lumbar spine rotation into 

Applicable group means and standard deviations 
were determined. The affected body part were pro-
vided by the attending physical therapist after com-
pletion of the medical examination. 

Statistical analysis: 
The intrarater and interrater reliability assessments 
of the STRM were performed using the intraclass cor-
relation coefficient (ICC) statistic. Descriptive statis-
tics were used to organize, summarize, and report 

Table 2. STRM Thoraco-lumbar rotation measurements, 
listed by symptomatic region.

Table 3. Side-to-side STRM Thoraco-lumbar rotation 
measurement differences, listed by symptomatic region.

Table 4. Frequency of STRM Side-to-side Thoraco-lumbar 
rotation differences greater than 10% and 20%.
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that a 10-20% asymmetry in spinal rotation could 
alter musculoskeletal biomechanics, efficiency, and 
function. The importance of this asymmetry might 
be more fully understood using the regional interde-
pendence model. 

The regional interdependence model refers to the 
concept that seemingly unrelated impairments in 
remote anatomical regions may contribute to or be 
associated with the patient’s primary complaint in 
another region of the body.9 Biomechanically, a 
decrease in motion at one segment of the body (i.e., 
thoracic spine) may lead to an increase in motion at 
adjacent segments of the body (i.e., shoulders or low 
back) thus potentially leading to increased strain 
and injury. While treatment directed at reducing 
load on the symptomatic region may lead to a decrease 
in patient symptoms, failure to correct the underly-
ing impairment may result in only a temporary 
decrease in these symptoms and a recurrent prob-
lematic condition. Further research geared toward 
assessment of the STRM and subsequent therapeu-
tic manual therapy and exercises to address limita-
tions on people with various diagnoses may assist in 
realizing the potential benefit of this STRM tech-
nique for examination as well as the efficacy of any 
described intervention approaches. 

One manual therapy treatment used to address an 
existing thoraco-lumbar rotation limitation is termed 
the “thoracic sequence” (Table 5).8 The thoracic 
sequence was devised as a method to treat deficits in 
thoraco-lumbar rotation. The hip joint, iliotibial 
band, thoracic spine, rib cage, pectoralis minor and 
latissimus dorsi muscles may each potentially limit 
thoraco-lumbar rotation. It is unknown to what extent 
each component may contribute to limiting spinal 
rotation or whether the order of the intervention is 
important. Rather, the thoracic sequence provides a 
framework and a systematic step-by-step approach 
in addressing each of these areas. By re-assessing 
thoraco-lumbar rotation after each step of the 
sequence, the tester is able to determine where in 
the biomechanical chain restrictions exist, which in 
turn may help focus the treatment intervention. 
The authors are currently conducting research in 
this area to further test this technique and its effect 
on increasing thoraco-lumbar rotation as measured 
by the STRM. 

one measurement the thoracic rotational component 
is much greater than the lumbar rotational compo-
nent.4, 7 The mean values of thoraco-lumbar rotation 
found in this study are comparable to other reported 
values.4, 7 Boyling et al.4 reported that the range of 
axial rotation in the mid thoracic spine is 5-10 degrees 
per segment based on cadaveric studies and in vivo 
measurements. Magee reports that total thoracic 
spine rotational range of motion (left and right 
together) is 35-50 degrees while total lumbar spine 
rotational range of motion (left and right together) is 
3-18 degrees.7 Using the per segment measurements 
reported by Boyling et al.4, it appears that the STRM 
numbers reported in the present study compare 
favorably. This would suggest that the STRM has rea-
sonable validity as an objective measure in assessing 
thoraco-lumbar rotation. The STRM may prove valu-
able to clinicians and researchers as it provides a clin-
ically feasible, objective, and reliable method to assess 
thoraco-lumbar rotation. 

When looking at side-to-side differences in the STRM, 
the authors were surprised by two primary findings. 
First, approximately 1 in every 2 participants had a 
10% side-to-side difference in the STRM while 1 in 5 
participants had a 20% side-to-side difference. Sec-
ond, the authors anticipated participants with com-
plaints of pain in close proximity to the thoracic 
spine, such as the shoulder complex, to have greater 
side-to-side differences in the STRM compared to 
those with lower leg, wrist, or other more distant 
complaints. The significance of finding side-to-side 
differences or bilateral limitations in thoraco-lumbar 
rotation is unknown. There is no way to determine 
from this study whether the observed differences 
were due simply to handedness, specific sport par-
ticipation, or other personal habits. On the other 
hand, it is possible that the observed differences were 
due to a compensation or protective reaction to a pre-
vious injury that contributed to a decrease in spinal 
motion and ultimately lead to spinal rotation asym-
metry. A previously unknown limitation of spinal 
rotation could be a primary culprit in a patient’s 
underlying complaint. It is clear that in this sample of 
patients with musculoskeletal complaints a 10-20% 
asymmetry was observed. While it remains unclear 
what magnitude of a thoraco-lumbar rotational differ-
ence would be clinically meaningful, it is conceivable 
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thoracic spine, may cause excessive motion in neigh-
boring joints. In this instance, failure to correct the 
underlying impairment of a thoracic spine hypomo-
bility could ultimately result in only a temporary 
decrease in these symptoms and lead to a recurrent 
problematic condition. By evaluating key areas of the 
movement system designed for rotation and then cor-
recting limitations in these regions, proper biome-
chanics may be more fully restored which in turn 
may reduce the incidence of recurrent pathology. 
The thoraco-lumbar side lying rotation test and the 
thoracic sequence attempt to respectively evaluate 
and treat limitations in rotation in the thoracic spine 
and hips, two major areas of rotation in the human 
body.8 These areas are bordered by the shoulder and 
lumbar spine; two areas of the body that are injured 
frequently during rotational activities such as bending/ 
twisting and throwing.

Several limitations exist within this study. First, 
because this study was largely descriptive and con-
ducted on relatively healthy, college-aged students, 
limited generalizations can be made. It is unknown if 
this STRM measurement would be reliable when 

People with limitations in thoracic spine rotation may 
be especially prone to certain types of shoulder and 
low back pathology since the thoracic spine is located 
within close proximity to those areas. For example, a 
pitcher who does not have full thoracic rotation may 
over extend and externally rotate the shoulder during 
the throwing motion in order to compensate for the 
lack of spinal motion. This alteration in pitching tech-
nique could cause excessive stress on the shoulder 
joint complex and lead to injury over time. The twelve 
segments of the thoracic spine contribute significant 
amounts of rotation and lateral flexion during func-
tional activities such as pushing, pulling, throwing 
and lifting. Limitations in thoracic spine rotation may 
result in excessive movement in joints above and 
below this region. This excessive movement may lead 
to injuries frequently termed “overuse” in the litera-
ture, denoting tissues that are chronically inflamed. 
Once determined that a segment is “unstable” or 
hypermobile, conventional methods of evaluation 
and treatment often involve stabilizing or strengthen-
ing the affected area, the same area that is inflamed 
and “over used”. In reality, it is possible that hypomo-
bilities in areas largely designed for rotation, like the 

Table 5. The Authors proposed Thoracic Intervention Sequence. A step-by-step method used to improve 
existing functional restrictions in thoraco-lumbar rotation.8 The steps are performed in order with the patient in 
the side-lying position.
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performing measurements on a diverse population of 
people across ages, body types and sizes, and across 
the spectrum of diagnoses. Future research is needed 
to add to these preliminary results. Second, although 
this study revealed excellent intrarater reliability and 
good interrater reliability for using the STRM, the 
authors did not compare results to any criterion mea-
sure. Future studies comparing the STRM to measur-
ing techniques used by Al-Eisa et al.1 or using three 
dimensional motion sensors may add further valida-
tion to the STRM technique. Finally, apart from the 
reliability component of the research, the study was 
exploratory and no cause and effect conclusions can 
be drawn. This information, however, does serve to 
add descriptive data to the literature and should set 
the groundwork for further research in this area. 

CONCLUSIONS
Because there was good intrarater and interrater 
reliability, the STRM could be used as an objective 
and reliable method to quantify thoraco-lumbar 
spine rotation. It also appears that a large percent-
age of patients with varied musculoskeletal com-
plaints may have greater than a 10-20% asymmetry 
in spinal rotational movement. Future research   is 
needed to determine the clinical applicability and 
relevance of these findings. 
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ABSTRACT

Purpose/Background: Posterior shoulder tightness (PST) has been implicated in the etiology of numerous shoulder disorders. 
Therefore, clinicians and researchers must have a reliable and valid method for quantifying PST. The purpose of this study was to 
investigate the interrater reliability, minimal detectable change at the 90% confidence interval (MDC90) and construct validity of 
an inclinometric measurement designed to quantify PST. 

Methods: Two investigators each performed sidelying PST measurements on the non-dominant shoulder of 45 asymptomatic 
participants in a blinded repeated measures design. Upon completion of the PST measurements, one rater assessed active internal 
and external rotation for the validity component of the investigation. 

Results: Interrater reliability using an intraclass correlation coefficient (ICC) model 2,k was good (ICC � 0.90). The MDC90 indi-
cated that a change of greater than or equal to 9 degrees would be required to be 90% certain that a change in the measurement 
would not be the result of inter-trial variability or measurement error. Construct validity was evaluated using active internal rota-
tion for convergence and external rotation for discrimination. Construct validity was supported by a good to excellent relationship 
between PST and internal rotation (r � 0.88) and by an inverse relationship between PST and external rotation (r � �0.07). 

Conclusion: The sidelying procedure described in this investigation appears to be a reliable and valid means for quantifying PST 
when strict measurement protocols are adhered to. An advantage of this procedure lies in the ability to control scapular position 
to ensure motion is limited to the glenohumeral joint. Moreover, the use of inclinometry provides an absolute angle of tightness 
that may be used for intersubject comparison, documenting change, and to determine reference values. Clinicians and researchers 
should consider the MDC values presented when interpreting change values during subsequent measurement sessions. 

Key Words: capsule, flexibility, mobility, range of motion
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INTRODUCTION
Epidemiological data suggests that up to sixty-seven 
percent of the general population will experience 
shoulder pain at some point in their lifetime.1 The 
shoulder complex ranks third among regions treated 
by physical therapists in outpatient clinics and has 
been reported to be a primary location of injury or 
pain among individuals who participate in weight-
training, baseball, football and wrestling.2-6 Although 
the etiology of shoulder disorders is multifactorial, 
specific impairments such as inadequate mobility 
and posterior shoulder tightness (PST) have been 
associated with common disorders such as labral 
tears and impingement syndrome in both the gen-
eral and athletic population.7-12 

Throwing athletes, in particular have a predilection 
for PST owing to repetitive microtrauma at the poste-
rior capsule induced during the follow through phase 
of the throwing motion.11, 13 It has been suggested 
that the tensile stresses placed on the shoulder dur-
ing throwing may induce hypertrophy and thicken-
ing of the posterioinferior capsule thus producing 
PST.11, 13 Although these capsular changes have been 
implicated in the etiology of PST, it must be recog-
nized that muscular restrictions may be involved as 
well. The presence of PST has been identified in 
throwing athletes with internal impingement syn-
drome and arthroscopically diagnosed superior labral, 
anterior to posterior (SLAP) lesions.11 Burkhart et al11 
reported that both tennis and baseball players who 
perform exercises to mitigate PST tend to have a 
decreased incidence of shoulder problems compared 
to controls participating in similar sports. 

Although common to the overhead athlete, PST has 
been reported among other subgroups of the popula-
tion. Tyler et al7 reported increased PST among indi-
viduals diagnosed with impingement syndrome 
when compared to controls. Ticker et al14 reported 
an association between impingement syndrome and 
posterior capsular thickening or shortening among 
patients with a history of shoulder pain who under-
went arthroscopy. Additionally, an association between 
PST and recreational weight-training participation 
has been reported among asymptomatic individuals 
when compared to controls suggesting the potential 
for task specific tissue adaptations.15, 16

Clinical recognition of risk or pathology attributed to 
PST requires a reliable and valid measurement tech-
nique that may be used among the heterogeneous 
population and that is of reasonable expense and 
availability. Measurement techniques for PST have 
been reported in the literature using both supine and 
sidelying procedures as well using varying instru-
ments including inclinometers, goniometers, and 
tape measures.10, 17-21 While these techniques may 
have utility as a clinical measurement they are not 
able to discriminate between PST of contractile ver-
sus inert tissue. Essentially, the techniques described 
attempt to isolate glenohumeral horizontal adduc-
tion by restricting scapular movement.10, 17-19, 21 Tyler 
et al19 first described a sidelying technique for quan-
tifying PST, whereby the scapula is stabilized in 
retraction while the humerus is passively adducted 
across the chest, while being maintained at 90 degrees 
of forward flexion and neutral rotation. The distance 
from the medial epicondyle to the table is recorded 
with larger distances implying greater PST. Good 
intra and interrater reliability of this technique were 
reported, with intraclass correlation coefficients 
(ICC) of 0.92 and 0.80 respectively. Myers et al10 
assessed the intra and interrater reliability of the 
sidelying technique using a linear measurement 
device that recorded the distance between the table 
and medial epicondyle and reported ICCs � 0.42-
0.83 and 0.69 respectively. A disadvantage of both of 
the aforementioned sidelying techniques is that 
PST is not quantified using an absolute value that 
can be compared between individuals. Other research-
ers have examined supine measurements performed 
with either inclinometry or goniometry10, 17, 18 and 
reported good intra and inter rater reliability (ICC 
� 0.75-0.94); however, a disadvantage of this tech-
nique is the inability to visualize a consistent start 
position of the scapula. A modified sidelying mea-
surement method, performed with the use of an 
inclinometer, was used for this investigation. This 
measurement is beneficial because it provides an 
absolute measurement value which permits inter-
subject comparison. To the knowledge of the authors, 
no previously published investigations have reported 
the interrater reliability, minimal detectable change 
(MDC90) and validity of a sidelying PST measure-
ment using inclinometry. 
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The purpose of this study was to investigate the 
interrater reliability, minimal detectable change 
(MDC90) and construct validity of an inclinometric 
measurement technique designed to quantify PST. 
Construct validity was evaluated using active inter-
nal rotation (IR) for convergence given the direct 
relationship between posterior capsuloligamentous 
tension and IR.22-24 External rotation (ER) was used 
for discrimination as biomechanical studies have 
identified an absence of influence between PST and 
ER.24 The authors hypothesized that the PST mea-
surement would have good interrater reliability 
based on the nature of the testing procedures. With 
regard to validity, it was hypothesized that a strong 
positive relationship would exist between PST and 
IR with little or no relationship between PST and 
ER. Active measurements of IR and ER were used to 
establish validity since participants were healthy 
and without injury or neuromuscular impairments 
therefore soft tissue tightness was the most likely 
limiting factor for all measurements. 

METHODS

Subjects
A convenience sample of forty-five asymptomatic 
adult participants, 22 men and 23 women, were 
recruited for this investigation from a local univer-
sity setting over an18-month time frame. None of the 
subjects reported history or current participation in 
overhead sports with the tested upper extremity. 
Recruitment was based on advertisement throughout 
the university. Participants who met the study require-
ments and agreed to participate signed an informed 
consent form approved by the Institutional Review 
Board at Nova Southeastern University.

Upon consenting to participate in the study, par-
ticipants completed a questionnaire to report age, 
body mass, height, and arm dominance. Exclusion 
criteria consisted of reported shoulder pain at the 
time of data collection, recent shoulder surgery for 
which the participant was still receiving care, or 
current participation in a rehabilitation program 
for the non-dominant shoulder. All participants 
who volunteered met inclusion criteria. One par-
ticipant was disqualified following the IR measure-
ment as a result of compromised form during 

repeated attempts. The mean and standard devia-
tion (SD) for the participants age, BMI, body mass, 
and height were 26.31 years (3.74), 25.17 kg/
m2(4.05), 76.72 kg (17.50), and 173.68 cm (9.01) 
respectively. Testing was performed using the non-
dominant arm to account for confounding vari-
ables such as humeral retroversion which may be 
present in the dominant arm and cause a limita-
tion of internal rotation11 independent of PST. The 
left arm was the non-dominant arm in 40 of the 45 
subjects. 

Instruments
A standard plinth and Baseline® bubble inclinome-
ter, (model 12-1056, Fabrication Enterprises; White 
Plains, New York) was used for all measurements. 
The PST measurement required the use of a velcro 
strap to secure the inclinometer to the participants’ 
mid-humerus (Figure 1A) during the procedure. A 
24 inch bubble level, (model 7724-0, Johnson Level 
& Tool; Mequon, Wisconsin) anchored to a carpen-
ter’s square of similar dimension, (model 45-500, 
Stanley Works; New Britain, Connecticut) was used 
during the PST measurement to set the inclinome-
ter at an accurate zero starting point relative to the 
vertical plane (Figure 1B). The bubble level was 
used to ensure that the participants’ trunk was 
directly perpendicular to the plinth upon initiating 
the PST measurement.

Procedures

Preparatory Activities
Visual diagrams of the measurement positions and 
warm-up exercises were presented to participants 
prior to testing. The purpose of the warm-up was to 
ensure participant safety and to facilitate consis-
tency of the data being tested. The warm-up required 
approximately 3 minutes total time and consisted of 
two supervised exercises including pendulums and 
standing scapular retractions, neither of which were 
believed to offer a mobilization effect. The warm-up 
was repeated between testing sessions for consis-
tency. Each participant was required to perform the 
same warm-up for consistency; however, to the authors’ 
knowledge there is neither a benefit nor detriment 
to performing a warm-up.
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Measurement of Posterior Shoulder Tightness
Following the warm-up, measurements of the non-
dominant extremity were taken using the inclinom-
eter in an intrasession design. Measurements of PST 
were repeated 2 consecutive times by each rater with 
a 10 second rest between repetitions and a 3-5 min-
ute rest between raters. The warm-up was repeated 
following the 3-5 minute rest interval. Once PST 
measurements were complete, rater 2 performed 
two consecutive measurements each for IR and ER 
active range of motion (AROM). Measurements were 
not randomized to ensure a consistent physiological 
status of the shoulder structures. The inclinometer 
was set to a zero value prior to each of the three mea-

surements using a bubble level to ensure accuracy. 
A trained assistant with approximately 6-months 
experience using inclinometry recorded measure-
ments from the inclinometer in order to ensure the 
investigators were blinded to the findings. Measure-
ments were recorded at eye-level to ensure accuracy 
and were not verbalized to the tester given the poten-
tial for measurement bias given a 10-second rest 
between measurements was used.

The exact procedure used for measuring PST has 
previously been investigated for intrarater reliability 
in the authors lab with ICC (3,k) reported at 0.96.21 
Participants were required to lie on their non-tested 
(dominant arm) side ½ the length of their humerus 
from the edge of a standard plinth to allow clearance 
of the forearm past the plinth during horizontal 
adduction. The non-tested extremity was placed 
under their head to support a neutral head position. 
Their trunk was directly perpendicular to the plinth 
with hips and knees flexed to 45 degrees. The bubble 
level anchored to the carpenter’s square was then 
used to ensure that their trunk was directly perpen-
dicular to the plinth. The investigator stood facing 
the participant at the level of their shoulders and 
grasped the participant’s elbow with one hand while 
passively abducting the humerus to ninety degrees 
while maintaining zero degrees of rotation at the 
humerus and approximately ninety degrees of elbow 
flexion. Humeral positioning was maintained with 
the initial contact hand while the other hand manu-
ally contacted the participant’s lateral scapular bor-
der and placed it in a fully adducted (retracted) 
position. The retracted scapular position was main-
tained by the investigator throughout the test. The 
position of ninety degrees of humeral coronal abduc-
tion with neutral rotation and scapular retraction 
was the start position of the test (Figures 2A and 2C). 
Prior to passively lowering the humerus, a verbal 
cue was given stating “relax your arm and allow 
me to lower it to the table”. The investigator then pas-
sively lowered the humerus into horizontal adduction 
toward the plinth in the transverse plane maintaining 
neutral humeral rotation and scapular stabilization in 
the retracted position (Figure 2B). The movement was 
ceased once the investigator determined that the scap-
ula or humerus was unable to be further stabilized 
and/or movement stopped. Once the end point was 
reached, the investigator directed a trained assistant to 

Figure 1. A) Baseline® Bubble Inclinometer attached to Vel-
cro strap b) Setting zero point of inclinometer using bubble 
level. Once the bubble level is at the zero point(*) the trained 
assistant turns the inclinometer dial to zero(**).
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record the measurement from the inclinometer to a 
data collection sheet.

Measurement of Active Internal Rotation 
The procedure for measuring IR-AROM followed an 
established protocol.21,25 The procedure has previ-
ously been investigated for intrarater reliability with 
ICC (3,k) reported at 0.99.21 Participants were posi-
tioned prone, with the tested arm supported on the 
table at 90 degrees of abduction, elbow flexed to 90 
degrees and the wrist in neutral (Figure 3). A towel 
roll was placed directly under each participant’s arm 
to ensure a neutral position of the humerus in the 
coronal plane without migration into the transverse 
plane. Additionally, the towel roll was used to pro-
vide stabilization. Neutral horizontal positioning of 
the arm was considered the position where the 
humerus did not migrate into horizontal adduction 
or abduction. Neutral horizontal positioning of the 
humerus ensured that tension in the posterior soft 
tissues was minimized. Additionally, in the prone 
position, both the towel roll and table serve to poten-
tially limit compensatory scapular anterior tilt and 
protraction25 as opposed to the supine position which 
would require manual stabilization from the investi-
gator. The effect of scapular stabilization on mea-
surement reproducibility is contradictory as IR 

measurement procedures without stabilization have 
been reported to possess both higher and lower lev-
els of reproducibility when compared to procedures 
stabilizing the shoulder and or scapula.26, 27 This inves-
tigation did not use any manual stabilization during 

Figure 3. Active range of motion measurement for internal 
rotation. Participant is prone with arm supported on the table 
in 90 degrees of shoulder abduction and elbow fl exed to 90 
degrees. A towel roll is placed directly under the arm to provide 
stabilization and maintain the arm in a neutral position with 
regard to the transverse plane. Participant actively brings arm 
back into internal rotation as illustrated above. Examiner 
places inclinometer on the mid to distal forearm just proximal 
to the wrist once participant reaches active end-range.

Figure 2. Posterior shoulder tightness measurement technique. (a) Start position for posterior shoulder tightness measurement. 
Participants arm is passively positioned in 90° abduction by examiner and scapula is retracted as illustrated. (b) Examiner pas-
sively lowers arm across chest into horizontal adduction while manually retracting the scapula through contact with the lateral 
border. (c) Close up picture illustrating scapular stabilization.
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IR measurements. Participants were asked to rotate 
their arm to their maximum available IR without 
compromising form and verbal cues were provided 
as necessary. Although the towel roll was used with 
an individualized circumference that maintained 
the humerus in a horizontal neutral, participants 
were requested to stop movement if they began to 
exhibit compensatory form and no measurements 
were recorded with the scapula tilted anteriorly 
beyond the start position. Once movement ceased 
the inclinometer was placed on the distal forearm 
proximal to the radiocarpal joint and the measure-
ment was recorded. Five participants were required 
to repeat the IR measurement once as a result of 
compromised form. One participant’s results were 
excluded from further analysis as a result of compro-
mised form on two repeated occasions during the IR 
measurement. 

Measurement of Active External Rotation
ER-AROM followed an established protocol (Fig-
ure 4).21, 25 The procedure has previously been inves-
tigated for intrarater reliability with ICC (3,k) 
reported at 0.97.21 Participants were measured in the 
supine position with the tested arm supported on 
the table in 90 degrees of abduction with the elbow 
flexed to 90 degrees and wrist in neutral. A towel roll 
was placed directly under each participant’s arm to 

achieve neutral horizontal positioning in the trans-
verse plane, thus preventing the arm from moving 
into horizontal abduction or adduction. Maintaining 
neutral horizontal positioning of the humerus 
ensured that tension in the anterior soft tissue pass-
ing over the joint was minimized. Participants were 
asked to bring their arm back to their maximum 
available ER motion without compromising form, 
with verbal cues provided as necessary. Once move-
ment ceased the inclinometer was placed on the dis-
tal forearm proximal to the radiocarpal joint and the 
measurement was recorded.

Data Analysis
Collected data was transferred to SPSS (SPSS Inc, 
Chicago, Illinois), Version 15.0 for Windows for anal-
ysis. Descriptive data including mean measurement 
angles with standard deviations (SD) were calcu-
lated for each rater. The interrater reliability of PST 
was determined by the intraclass correlation coeffi-
cient (ICC) model 2, k. The mean value of 2 mea-
surements was used for the analysis. Model 2, k was 
used for the interrater analysis to determine if this 
particular instrument can be used with confidence 
and reliability among equally trained clinicians.28, 29 
Our interpretation of the ICC value was based on 
guidelines offered by Portney and Watkins28, whereas 
a value of above 0.75 was classified as good and a 
value of 0.50 to 0.75 would be considered to have 
moderate to poor reliability. ICC values may be 
influenced by intersubject variability of scores, as a 
large ICC may be reported despite poor trial-to-trial 
consistency if the intersubject variability is too 
high.28, 30 The standard error of measurement (SEM) 
is not affected by intersubject variability30 and is 
important for clinical utilization of a measurement 
procedure; therefore it was reported in conjunction 
with the ICC’s using the formula: SEM � SD r−1 .28 
The MDC was calculated for the interrater measure-
ments using the formula: MDC90 � 1.65 * SEM * 2  
to determine the magnitude of change that would 
exceed the threshold of measurement error at the 
90% confidence level.28,31 MDC90 values were rounded 
to the nearest degree to reflect the smallest unit of 
measurement on the inclinometer. 

A Pearson’s correlation coefficient (r) was used for the 
construct validity component of the investigation. Our 
interpretation of the r value was based on guidelines 

Figure 4. Active range of motion measurement for external 
rotation. Participant is supine with hips and knees fl exed to 
45 degrees. Tested arm is supported on the table in 90 degrees 
of abduction, elbow fl exed to 90 degrees. A towel roll is placed 
under the humerus. Participant actively brings arm back into 
external rotation. Once active end-range is achieved the exam-
iner places inclinometer on the mid to distal forearm just 
proximal to the wrist.
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offered by Portney and Watkins28, whereas a value of 
above 0.75 was considered to be a good to excellent 
relationship. A correlation of 0.00 to 0.25 was consid-
ered to have little or no relationship. For the correla-
tion coefficient, the � was considered significant at the 
.05 level. An � priori power analysis indicated that a 
sample size of 46 would be needed to obtain 80% power 
if we estimated an r � 0.40 with the �2 � 0.05. One 
participant was excluded from final data analysis sec-
ondary to disqualification from study as a result of 
inability to perform IR without compensation.

Scatter plots were used to provide a visual illustra-
tion of the PST measurements between raters as 
well as to provide a visual analysis of the relation-
ship between PST and both IR and ER. 

RESULTS
Mean angular measurements of PST for the interra-
ter reliability analysis with SD, ICC (95%CI), SEM, 
and MDC90 are presented in Table 1. The data indi-
cates good interrater reliability for PST (ICC) � 0.90. 
The MDC90 for the interrater analysis indicated that 
a change of equal to or greater than 9� would be 
required to be 90% certain that the change is not due 
to inter-trial variability or measurement error.

Convergent validity using the measurements from 
rater 2, was supported by a good correlation between 
PST and internal rotation (r � 0.88) with p < .001 
indicating a significant correlation. Discriminant 
validity was supported by an inverse correlation 
between the PST measurement and external rota-
tion (r � �0.07), with p � .673 indicating no signifi-
cant correlation. Table 2 presents the PST, IR and ER 

measurements (mean, SD and ranges) obtained by 
rater 2 for the validity analysis.

The scatterplot (Figure 5) illustrating the PST mea-
surements from rater 1 and 2 illustrate the strong 
positive correlation. Additionally, a strong positive 
relationship is illustrated on the scatterplot for the 
measurements of PST and IR (Figure 6) whereas the 
measurements for PST and ER (Figure 7) appear 
random and reflect no linear relationship.

DISCUSSION
This investigation sought to determine the interra-
ter reliability, MDC and construct validity of a mea-
surement procedure designed to quantify PST. 
Although the posterior capsule and ligamentous 
structures have been implicated as primary contrib-
utors to PST14, 22, 24 it can not be stated with absolute 
certainty that they are the only source of PST, there-
fore, clinicians must appreciate the potential contri-
bution of contractile tissue.33 The term PST collectively 
encompasses the posterior capsule, posterioinferior 
glenohumeral ligament as well as the tendinous por-
tion of the posterior rotator cuff and posterior del-
toid musculature.14, 22, 24, 32, 33 Evidence for contractile 
tissue contribution may be gathered from the study 
by Hung et al33, where it was reported that muscle 
stiffness (change in passive tension per unit change 
in length) increased in the posterior deltoids, teres 
minor and infraspinatus when internally rotating 
the shoulder of patients with limited mobility, 

Figure 5. Scatterplot illustrating a strong positive relation-
ship between measurements of PST for rater 1 and 2.

Table 1. Interrater Reliability Analysis: Posterior Shoul-
der Tightness Measurement.

Table 2. Measurement Angles from Rater 2 used for 
Construct Validity Analysis
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whereas muscle stiffness was reduced during exter-
nal rotation. 

Regardless of the soft tissues involved, a reliable and 
valid measurement technique is necessary for clini-
cians and researchers to recognize and quantify PST. 
Clinical measurements isolating PST have been 
described in the literature;10, 17-19, 21 however, there is 
no consensus as to the best method. A procedure 
that allows the examiner to consistently maintain 

scapular positioning independent of body morphol-
ogy while providing an absolute measurement value 
would be clinically useful.

The inclinometric measurement procedure described 
and examined in this investigation provided optimal 
positioning for identifying PST and was developed 
based on in vivo and in vitro investigations of tissue 
tension.22-24 It also possessed good construct validity 
and good interrater reliability that was either 

Figure 6. Scatterplot illustrating a strong positive relationship between measurements of posterior shoulder tightness (PST) and 
internal rotation.

Figure 7. Scatterplot illustrating a random pattern indicating no relationship between measurements of posterior shoulder tight-
ness (PST) and external rotation.
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comparable to or exceeded the reliability reported in 
previous studies. Moreover, the investigated procedure 
provides an absolute value that may be used to docu-
ment change and be useful for intersubject 
comparison.

Although the sidelying measurement procedure has 
been previously described, this investigation is the 
first to report the interrater reliability, and MDC90 
values of this method using inclinometry. Previous 
researchers have described alternate procedures for 
quantifying PST with fair to good reliability; how-
ever, there is disagreement on what constitutes the 
optimal position and measurement instrument for 
assessment. There is, however, a consensus that an 
optimal technique for quantifying PST requires iso-
lation of true glenohumeral horizontal adduction 
independent of scapular protraction. Thus, optimal 
techniques should allow the examiner to maintain 
scapular retraction throughout the measurement 
and provide an accurate start position of retraction. 
Laudner et al17 used a supine method for quantifying 
PST and reported good intrarater and interrater reli-
ability, ICC � 0.93 and 0.91 respectively using digital 
inclinometry in asymptomatic participants. While 
the reliability values were good and the authors 
describe a clear reproducible methodology the supine 
position used may not permit a consistent start posi-
tion of the scapula. If the scapula is not in full retrac-
tion the testers might underestimate PST. Another 
concern about the Laudner et al17 study, is that 
although SEM values were reported, the MDC was 
not reported thus for the reader it is unclear as to 
how much change would be needed on subsequent 
sessions to monitor change. Using the SEM value 
reported from the aforementioned study an MDC90 
of 4 degrees was calculated. Lastly, digital inclinom-
etry is costly, thus clinicians may not have this 
instrument at their disposal for routine use.

Lin and Yang18 used a supine method for quantifying 
PST among a population with documented shoulder 
stiffness and reported good inter-rater reliability, 
ICC � 0.82 using a bubble inclinometer similar to the 
one used in the current investigation. Similar to the 
study by Laudner et al17 the MDC was not reported, 
however using the data provided the authors of the 
current study calculated an MDC of 7 degrees. The 
reliability values were considered good, however were 

lower than the values identified in the current investi-
gation and in other investigations that used the side 
lying technique. A factor that may account for the dif-
ference is the limited ability to effectively stabilize the 
scapula in the supine position.

Myers et al10 compared the sidelying and supine 
methods of quantifying PST using a cohort of 15 
healthy males. The interrater reliability of the 
supine method was reported as ICC � 0.94, whereas 
the sidelying method was reported as 0.69. The 
authors report the use of an electromagnetic track-
ing device to monitor scapular position; however, 
measurements for the analysis of the supine method 
were obtained with a goniometer and sidelying 
method with a linear measurement method. The 
reliability of the supine assessment was comparable 
to values from the current study; however, the side-
lying procedure described fell short of the reproduc-
ibility reported in the current study. One reason that 
might explain the higher reliability values in the cur-
rent investigation was that the investigators in the 
Myers et al10 study did not use a method to ensure 
that the participant’s trunk was directly perpendicu-
lar to the plinth in order to establish an accurate and 
reproducible starting position prior to taking the 
measurement. With regard to scapular position, the 
authors in the Myers et al10 study reported that the 
sidelying and supine positions produced a compara-
ble ability to stabilize the scapula based on motion 
analysis with the electromagnetic tracking device. 
Although the authors report that the supine method 
is more reliable than the sidelying method, their 
sample of only 15 participants may be a limitation to 
the utility of this recommendation.

The sidelying method for quantifying PST has previ-
ously been investigated by Tyler et al19 with good 
interrater reliability, ICC � 0.80. Advantages of the 
sidelying technique include a reproducible method of 
scapular stabilization, which isolates PST and provides 
a consistent, objectifiable start position. A measure-
ment of the distance between the medial epicondyle 
and the plinth is thought to quantify PST; however, a 
disadvantage to this measurement method is that it 
does not produce a value that could be used for com-
parison between individuals or to establish normative 
values due to the varying anthropometric characteris-
tics between individuals. The procedures described in 
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this investigation are similar to the methods originally 
described by Tyler et al19 with the exception of using 
an inclinometer for angle measurements as compared 
to linear measurements. Inclinometry allowed the 
authors of the current study to obtain an absolute 
value for the angle of the humerus, which can be used 
for intersubject comparison. The interrater reliability 
of the sidelying procedure described in this investiga-
tion was good (ICC � 0.90) and exceeded that of Tyler 
et al19 which may have been the result of the use of 
the inclinometer. The authors of the current investiga-
tion chose to not measure PST in the supine position 
as it is difficult to identify a consistent start position of 
the scapula. Moreover, the authors found it difficult to 
maintain a fully retracted scapular position during the 
measurement. 

While reproducibility is imperative for any measure-
ment, validity must be established to be certain that a 
measurement provides accurate information for clini-
cal decision-making.28 Construct validity may be evalu-
ated by determining how well a measurement relates 
to other tests of the same and different constructs. PST 
and IR are thought to measure the same construct,22, 24 
therefore these measurements would be expected to 
correlate highly or demonstrate convergence. Conver-
gence alone is not a sufficient criterion to determine 
construct validity. It is also necessary to show that a 
construct may be differentiated from another con-
struct, thus demonstrating the ability to be discrimi-
nant.28 Discriminant validity indicates that different 
results or poor correlations would be expected from 
measurements that assess a different construct or 
characteristic.28 ER should not be markedly affected by 
tension in the posterior capsuloligamentous or con-
tractile tissues, thus a positive correlation would not be 
expected when compared to measurements of PST.24, 33

Our choice of shoulder motions for the validity com-
ponent of this investigation was based on both in 
vitro and in vivo evidence available in the literature. 
We used IR for our assessment of construct validity 
as osteokinematic impairments of IR at the glenohu-
meral joint have been associated with PST.7, 11, 13, 18, 19, 

22, 23, 33 Gerber et al22 performed surgical shortening of 
the posterior capsule and reported a significant 
reduction in internal rotation as a result confirming 
the association between posterior capsular tension 
and IR. Harryman et al23 noted a loss of shoulder 

flexion, horizontal adduction and internal rotation 
following in vitro tightening of the posterior capsule 
similar to the results of Gerber et al.22 Tyler et al7, 8 
indentified an association between PST and internal 
rotation loss using clinical measurements among 
subjects with impingement syndrome. Branch et al24 
investigated the effect of capsular tension on shoul-
der rotation in vitro. The study results suggest a 
direct relationship between IR and tension in the 
posterior capsuloligamentous tissues, whereas a 
similar relationship was not found with ER. 

The results of the current validity analysis suggest a 
strong relationship between PST and IR. The mean 
angle of IR and PST rounded to the nearest degree was 
81° and 80° respectively with a statistically significant 
r � 0.88. Conversely, there was no correlation between 
ER and PST (r � �0.07). Our results were consistent 
with previous studies that documented a positive 
association between PST and decreased internal rota-
tion.7, 9, 10, 14, 18, 19, 22, 24, 32, 33 Tyler et al19 reported a good 
correlation between PST and IR using the sidelying 
PST measurement method among baseball pitchers 
and reported r � �0.61. An inverse correlation was 
reported based upon their use of a linear measure-
ment whereas a loss of internal rotation correlated 
with a greater distance measured from the medial epi-
condyle to the plinth. Laudner et al17 reported a good 
correlation between IR and PST (r � 0.72) among 
baseball pitchers. Lin and Yang18 compared PST to 
both IR and ER in a symptomatic cohort and reported 
a moderate to good relationship for IR (r � 0.69), 
whereas ER had little or no relationship (r � 0.25). 
Hung et al33 described measurements of muscle stiff-
ness using a myotonometer in response to IR and ER 
among participants with clinically reduced ROM and 
identified increased stiffness (change in passive ten-
sion per unit change in length) of the posterior mus-
culature in response to IR lending support to the 
possible contribution of contractile tissue to PST.

In regards to measurement error and change scores 
the MDC has not previously been reported for PST 
tests documented in the literature, thus, clinicians 
and researchers previously interpreting change may 
have relied on individual decisions that did not take 
into account variability and error. The MDC90 values 
reported in this investigation indicate that a change 
greater than or equal to 9° is required over 
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CONCLUSION
Various procedures and instruments have been 
described in the literature for quantifying PST, thus 
it is difficult to state that the method described and 
investigated in this paper is superior to others. This 
investigation presents a reproducible and valid mea-
surement protocol for quantifying PST using an 
inclinometer. The inclinometric procedure outlined 
in this investigation had a reliability coefficient of 
0.90 which is the threshold recommended for tests 
to be useful in making clinical decisions28 and is a 
suitable alternative to linear measurements as it 
allows for intersubject comparison. Clinicians and 
researchers should consider the MDC values pre-
sented (9°) when interpreting change values during 
subsequent measurement sessions to be certain that 
the change is not due to intertrial variability or mea-
surement error. 

ACKNOWLEDGEMENTS
The authors would like to thank Nova Southeastern 
University, Department of Physical Therapy for pro-
viding facilities for data collection.

REFERENCES
1. Luime JJ, Koes BW, Hendriksen IJ, et al. Prevalence 

and incidence of shoulder pain in the general 
population; a systematic review. Scand J Rheumatol. 
2004;33(2):73-81.

2. Kolber M, Beekhuizen K, Cheng M, Hellman M. 
Shoulder Injuries Attributed to Resistance Training: 
A Brief Review. J Strength Cond Res. 2010;24(6):1696-
1704.

3. Di Fabio R, Boissonnault W. Physical therapy and 
health-related outcomes for pain with common 
orthopaedic diagnosis. J Orthop Phys Ther. 
1998;27:219-230.

4. Kerr Z, Collins C, Comstock R. Epidemiology of 
weight-training-related injuries presenting to United 
States emergency departments, 1990 to 2007. Am J 
Sports Med. 2010;38(4):765-771.

5. Goertzen M, Schoppe K, Lange G, Schulitz KP. 
Injuries and damage caused by excess stress in 
bodybuilding and power lifting. Sportverletz 
Sportschaden. 1989;3:32-36.

6. Bonza JE, Fields SK, Yard EE, Comstock RD. 
Shoulder Injuries Among United States High School 
Athletes During the 2005-2006 and 2006-2007 School 
Years. J Athl Train. 2009;44(1):76-83.

treatment sessions or in research trials to be 90% 
certain that the change is not due to subject variabil-
ity or measurement error. The MDC as reported in 
this investigation is the smallest amount of change 
that can be considered above the threshold of error,28 
however, one must not make the assumption that 
this change has reached the threshold of clinically 
meaningful improvement. When interpreting change 
scores it should be recognized that the MDC is not 
the same as the minimum clinically important dif-
ference (MCID).28 The MCID is the amount of change 
that is clinically meaningful and is typically associated 
with an external criterion that indicates when mean-
ingful change has occurred.28 The authors of this 
manuscript did not calculate the MCID, thus it is 
uncertain as to the degree of change that would be 
considered clinically meaningful.

Limitations and Future Research
When considering the results of this study one must 
recognize potential limitations. This study used only 
healthy-young asymptomatic participants, thus the 
results may not correlate with a symptomatic cohort 
or among individuals of different age groups. In 
regards to procedures for measuring PST, a 10-sec-
ond rest period between repetitions one and two for 
each rater may not be sufficient to avoid rater bias. 
We attempted to control for this by using a trained 
assistant who recorded measurements and by blind-
ing raters to the results. Additionally, a limitation of 
the procedures includes the use of AROM for vali-
dating the PST measurement as AROM may be lim-
ited as a result of soft tissue restrictions as well as 
neuromuscular impairments. Although our PST 
measurement was passive we did not add overpres-
sure thus eliminating the potential for a stretching 
effect. Moreover, we used healthy-asymptomatic con-
trols with no neuromuscular impairments. Lastly, 
one must be cautious in their interpretation of the 
MDC values reported in this investigation as they 
are not indicative of clinically meaningful change. 
The MCID would be necessary to determine whether 
or not a clinically meaningful change occurs in patients 
or subjects. Future investigations are warranted in 
order to study this technique on a symptomatic pop-
ulation and on populations of different age ranges, 
in order to determine if the results are generalize-
able to the population. 



North American Journal of Sports Physical Therapy | Volume 5, Number 4 | December 2010 | Page 219

strength in normal shoulders and shoulders with 
instability and impingement. Am J Sports Med. 
Jul-Aug 1990;18(4):366-375.

21. Kolber MJ, Saltzman S, Beekhuizen K, Cheng MS. 
The reliability and minimal detectable change of 
inclinometric shoulder mobility measurements. 
Physiother Theory Pract. 2009;25:572-581.

22. Gerber C, Werner C, Macy J, Jacob H, RW N. Effect 
of selective capsulorrhaphy on the passive range of 
motion of the glenohumeral joint. J Bone Joint Surg 
Am. 2003;85:48-55.

23. Harryman DT, 2nd, Sidles JA, Clark JM, McQuade 
KJ, Gibb TD, Matsen FA, 3rd. Translation of the 
humeral head on the glenoid with passive 
glenohumeral motion. J Bone Joint Surg Am. Oct 
1990;72(9):1334-1343.

24. Branch TP, Lawton RL, Iobst CA, Hutton WC. The 
role of glenohumeral capsular ligaments in internal 
and external rotation of the humerus. Am J Sports 
Med. 1995;23(5):632-638.

25. Clarkson HM, Gilewich GB. Musculoskeletal 
Assessment. Joint Range of Motion and Manual Muscle 
Strength. Baltimore, MD: Williams & Wilkins; 1989.

26. Wilk KE, Reinold MM, Macrina LC, et al. 
Glenohumeral Internal Rotation Measurements 
Differ Depending on Stabilization Techniques. Sports 
Health: A Multidisciplinary Approach. March/April 
2009 2009;1(2):131-136.

27. Awan R, Smith J, Boon AJ. Measuring shoulder 
internal rotation range of motion: a comparison of 
3 techniques. Arch Phys Med Rehabil. Sep 
2002;83(9):1229-1234.

28. Portney L, Watkins M. Foundations of Clinical 
Research: Applications to Practice. 3rd ed. Upper 
Saddle River, New Jersey: Pearson Prentice Hall; 
2009.

29. Shrout P, Fleiss J. Intraclass correlation: Uses in 
assessing rater reliability. Psychol Bull. 1979;86:420-
428.

30. Weir J. Quantifying test-retest reliability using the 
intraclass correlation coeffi cient and the SEM. 
J Strength Cond Res. 2005;19:231-240.

31. Haley S, Fragala-Pinkham M. Interpreting change 
scores of tests and measures used in physical 
therapy Phys Ther. 2006;86:735-743.

32. Bach GH, Goldberg BA. Posterior Capsular 
Contracture of the Shoulder. J Am Orthop Surg. 
2006;14(5):265-277.

33. Hung CJ, Hsieh CL, Yang PL, Lin JJ. Relationships 
between posterior shoulder muscle stiffness and 
rotation in patients with stiff shoulder. J Rehabil Med. 
2010;42(3):216-220.

7. Tyler TF, Nicholas SJ, Roy T, Gleim GW. 
Quantifi cation of posterior capsule tightness and 
motion loss in patients with shoulder impingement. 
Am J Sports Med. Sep-Oct 2000;28(5):668-673.

8. Tyler TF, Nicholas SJ, Lee SJ, Mullaney M, McHugh 
MP. Correction of posterior Shoulder Tightness is 
Associated With Symptom Resolution in Patients 
With Internal Impingement. Am J Sports Med. 
2010;38(1):114-119.

9. Myers JB, Laudner KG, Pasquale MR, Bradley JP, 
Lephart SM. Glenohumeral range of motion defi cits 
and posterior shoulder tightness in throwers with 
pathological internal impingement. Am J Sports Med. 
2006;34:385-391.

10. Myers JB, Oyama S, Wassinger CA, et al. Reliability, 
Precision, Accuracy, and Validity of Posterior 
Shoulder Tightness Assessment in Overhead 
Athletes. Am J Sports Med. 2007;35(11):1922-1930.

11. Burkhart S, Morgan C, Kibler W. The disabled 
throwing shoulder: spectrum of pathology. Part I: 
pathoanatomy and biomechanics. Arthroscopy. 
2003;19(4):404-420.

12. Burkhart S, Morgan C, Kibler W. The disabled 
thowing shoulder: spectrum of pathology. Part II: 
evaluation and treatment of SLAP lesions in 
throwers. Arthroscopy. 2003;19(5):531-539.

13. Burkhart S, Morgan C, Kibler W. Shoulder injuries in 
overhead athletes: The “dead arm” revisited. Clin 
Sports Med. 2000;19:125-158.

14. Ticker J, Beim G, JJ W. Recognition and treatment of 
refractory posterior capsular contracture of the 
shoulder. Arthroscopy. 2000;16:27-34.

15. Kolber MJ, Beekhuizen K, Cheng MS, Hellman M. 
Shoulder joint and muscle characteristics in the 
recreational weight training population. J Strength 
Cond Res. 2009;23:148-157.

16. Kolber MJ, Corrao M. Shoulder joint and muscle 
characteristics amoung healthy female recreational 
weight training participants. J Strength Cond Res. (In 
press).

17. Laudner K, Stanek J, Meister K. Assessing Posterior 
Shoulder Contracture: The Reliability and Validity of 
Measuring Glenohumeral Joint Horizontal J Athl 
Train. 2006;41(4):375-380.

18. Lin JJ, Yang JL. Reliability and validity of shoulder 
tightness measurement in patients with stiff 
shoulders. Man Ther. 2006;11:146-152.

19. Tyler TF, Roy T, Nicholas SJ, Gleim GW. Reliability 
and validity of a new method of measuring posterior 
shoulder tightness. J Orthop Sports Phys Ther. May 
1999;29(5):262-269; discussion 270-264.

20. Warner JJ, Micheli LJ, Arslanian LE, Kennedy J, 
Kennedy R. Patterns of fl exibility, laxity, and 



North American Journal of Sports Physical Therapy | Volume 5, Number 4 | December 2010 | Page 220

ABSTRACT

Background: Contusions are common injuries that occur in athletics. If repeated, complications like myo-
sitis ossificans can occur. This case describes the examination and treatment of an athlete with an acute 
soft tissue injury. 

Objective: To describe the treatment approach used with a hockey player who sustained a soft tissue 
injury in his upper extremity.

Case Description: A 19 year old male sustained a soft tissue injury to his upper arm while playing hockey. 
The athlete complained of pain rated a 2-3 out of 10. He had a well circumscribed, firm, 8 by 5 centimeter 
palpable mass present along the lateral arm, and was able to passively flex his elbow from 56° to 135°, 
demonstrating a 56° loss of elbow extension. Functionally, he was able to perform most activities of daily 
living, but he was unable to play hockey. Over 29 days, the athlete was treated one time with pulsed ultra-
sound and ice and nine times with iontophoresis using a 2% acetic acid solution. Additionally, the athlete 
performed pain-free active range of motion exercises for the elbow. 

Outcome: Following treatment, the athlete’s pain resolved, the palpable mass disappeared, and his passive 
range of motion at the elbow was 0° to 135°. Most importantly, the athlete was able to resume playing hockey. 

Discussion: Acetic acid iontophoresis may be a successful intervention for soft tissue injuries of the upper 
extremity. In this case, it appeared helpful in decreasing the athlete’s impairments and contributed to 
quicker resumption of all functional activities in less time than previously reported in the literature using 
traditional treatment interventions. 
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INTRODUCTION
In intercollegiate contact athletics, muscle contu-
sions are a common injury. In ice hockey, contusions 
represent the fourth most common injury sustained 
and account for 6.2% of all injuries in that sport1. 

A contusion is caused by the application of an exter-
nal force to the surface of the body.2-5 This force can 
be the result of a fall, collision between athletes, or 
contact with an opponent’s equipment or other object 
in the playing area, all of which are common occur-
rences in competitive sports. The force damages the 
underlying muscle tissue and causes intramuscular 
bleeding.2, 6 This bleeding can be associated with pain, 
swelling, and loss of range of motion (ROM).3-5 

Contusions can vary considerably in severity and 
often are graded as mild, moderate or severe4 or in 
grades or degrees ranging from one to three.5 Gener-
ally, mild or grade one contusions need very little 
treatment and cause no, or very short periods of dis-
ability while a severe or grade three contusion 
requires more extensive treatment.4 Since the most 
common location for contusions is in the quadri-
ceps, most of the grading systems refer to that area 
and use criteria specifically related to weight bear-
ing activities. Table 1 shows one such grading sys-
tem. For the purposes of this report, mild, moderate, 
or severe will be used to distinguish between differ-
ent types of contusions. 

The most common initial treatments used for contu-
sions include cryotherapy, elevation, and immobili-
zation to control the intramuscular bleeding. As the 
athlete’s symptoms resolve, gentle ROM and strength-
ening exercises are initiated and progressed as toler-
ated. Return to athletics is allowed as the athlete 
regains normal flexibility and strength in the tissues 

that were injured. Often the athlete will wear protec-
tive padding over the area of the injury to minimize 
the risk of re-injury.3, 5

A potential complication of a muscle contusion is 
traumatic myositis ossificans. Although not fully 
understood, traumatic myositis ossificans involves 
the formation of heterotrophic bone within a con-
tused muscle (Figure 1). This condition is most com-
mon in athletic individuals between the ages of 15-30 
years7-8 and often occurs in the quadriceps, adductors 
of the thigh, deltoid, and brachialis muscles.9 

Individuals who present with traumatic myositis 
ossificans report many of the same symptoms and 
have similar examination findings to individuals 
with contusions. They typically complain of pain, 
limited ROM and functional limitations. Upon exam-
ination, the injured area appears edematous and is 
warm and tender to the touch.6-13 Individuals with 
myositis ossificans, however, will report repeated 
trauma to the affected area and, on exam, a firm, 
palpable mass is usually present.8-11 Although ossifi-
cation is present in this condition, it is unclear when 
radiographic examination is helpful in the overall 

Figure 1: Radiographic example of myositis ossifi cans in the 
upper extremity.  The arrow points to the region of ossifi cation.

Table 1. An example of a classifi cation system used for lower 
extremity contusions.1 Since contusions are more prevalent 
in the lower extremity, most scales reference that area.
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To date, there have been no clinical research studies to 
substantiate the use of iontophoresis with acetic acid 
for treating myositis ossificans. There is, however, a 
case report by Wieder13 involving a male soccer player 
who had a 3 week old, 10 by 6 centimeter mass on the 
anterior thigh as a result of trauma. In this case, the 
mass was treated with a 2% solution of acetic acid 
delivered via iontophoresis, pulsed ultrasound, and 
passive range of motion three times per week for three 
weeks. Additionally, the athlete was instructed to limit 
his activity level. At the end of three weeks, the mass 
had reduced by 98.9% allowing the athlete to regain 
full ROM and resume playing soccer.

Although the outcome of Wieder’s13 case report is 
impressive, it is unclear as to which treatment actu-
ally caused resolution of the mass, the iontophoresis 
or ultrasound alone or the combination of the two. 
Alternatively, time alone may have contributed to 
the resolution of the mass.

The purpose of this case report is to describe the use 
of iontophoresis with a 2% solution of acetic acid as 
a primary treatment intervention for a collegiate 
athlete with a soft tissue injury in his non dominant 
upper extremity.

CASE DESCRIPTION
The athlete was a left hand dominant, 19 year old col-
lege, club hockey player who was hit repeatedly across 
his right upper arm with a hockey stick over the 
course of ten days. The athlete originally attempted to 
manage his symptoms with cryotherapy and stretch-
ing into elbow extension. Because of persistent pain, 
swelling, and tenderness to palpation in the trauma-
tized area, he consulted the team orthopaedist 12 days 
after the original injury. On clinical exam, the injured 
area was warm, edematous, tender to the touch, and a 
large, palpable mass was present. Radiographs were 
ordered and read as normal. Figure 1 presents an 
example radiograph (not from the patient in this case) 
showing myositis ossificans in the upper extremity. 
The athlete was diagnosed as having myositis and was 
referred for physical therapy.

Upon initial physical therapy examination, the ath-
lete complained of an “aching” pain along the lateral 
aspect of his right arm rated 2 out of 10 at rest and 3 
out of 10 at worst on a verbal rating scale. He also 

diagnosis. It is estimated that radiographs of the 
injured area will demonstrate ossification anywhere 
between 2 to 6 weeks 5-6, 14 after the initial injury.

Although considered self-limiting, myositis ossifi-
cans can lead to short-term disability. Jackson and 
Feagin4 found that athletes at the United States Mili-
tary Academy, West Point, averaged 73 days of dis-
ability from myositis ossificans of the anterior thigh. 
Likewise, Huss and Puhl7 described ten cases of 
myositis ossificans in which symptoms lasted an 
average of 3.95 months. For individuals participating 
in athletics, the development of myositis ossificans 
can be “season ending” as this condition may pre-
clude the athlete from athletic participation until 
resolved.10 

In some cases of myositis ossificans, the palpable 
mass never reabsorbs. Thorndike14 reported that in a 
series of 25 cases of traumatic myositis ossificans 
involving either the upper or lower extremity in a 
variety of different muscle groups, only 36% com-
pletely reabsorbed. Many times this residual mass 
can be the primary cause of continued disability. 
This is especially true if the ossification is at the ori-
gin or insertion of a muscle near a joint.14 

The best treatment for myositis ossificans is some-
what unclear. Treatments reported in the literature 
have included restriction of activity, oral and inject-
able anti-inflammatory medications, aspiration of 
the original hematoma, range of motion exercises, a 
regimen of rest, ice, compression and elevation 
(RICE), pulsed ultrasound, electrical stimulation, 
and protective padding.4-6, 8-11, 13-14 In cases that do not 
resolve, surgical excision of the bony mass has been 
advocated.5, 7-8, 11, 14

Acetic acid iontophoresis has been used for the treat-
ment of myositis ossificans.15-16 Originally described 
by Le Duc in 1908 as ion transfer, iontophoresis uses 
direct current and the principle that an electric 
charge will repel a similarly charged ion to move 
substances across the skin.16 It is theorized that ace-
tic acid delivered via iontophoresis is effective for 
ossifying conditions because the acetate ion com-
bines with the insoluble calcium carbonate that is 
present with ossifying structures. This combination 
forms calcium acetate which is more soluble and, 
therefore, more readily absorbed by the body.15 
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directly over the injury for 8 minutes. The pulsed 
ultrasound was utilized based on Wieder’s case 
report13 and its proposed mechanical effects of 
microstreaming.17-18 Although not fully understood, 
the introduction of ultrasound to biologic tissues has 
been shown to create microstreaming or small 
movements of the ions and fluids surrounding cells. 
It is thought that these movements may assist in cell 
membrane permeability and cellular activity. The 
authors thought that this might assist in healing of 
the injury. The ice massage was chosen to help 
reduce the inflammatory response that was present 
in the area.19 The athlete was instructed to perform 
gentle active range of motion (AROM) exercises into 
elbow extension. Additionally, he was told not to 
play hockey and to be careful to avoid contusing the 
injured area again during day-to-day activities. 

Two days later, acetic acid iontophoresis was adminis-
tered using a Phoresor II Auto model number PM850 
(Iomed, Salt Lake City, Utah 84104 USA). As the ace-
tate ion is a negatively charged ion (anion),15 the cath-
ode was attached to the treatment electrode. This 
electrode (oval in shape, holding 2.5 cc of acetic acid) 
was placed directly over the mass while the 4 square 
inch reference electrode (anode) was secured on the 
posterior surface of the proximal forearm approxi-
mately 10 inches distal from the treatment electrode 
(Figure 2). Both areas were cleaned well with isopro-
pyl alcohol prior to application of the electrodes. The 
treatment dose was 80 mA-minutes. Following the 
treatment, the athlete’s skin was noted to be erythem-
atous under the treatment electrode. The athlete was 
instructed to monitor the treatment area for any 
abnormal changes and continue to perform pain-free 
AROM into elbow extension as previously described.

Three days later, when the athlete returned for his 
next treatment, the skin where the electrodes were 
attached appeared normal. The same treatment was 
applied, except after completion of the iontophore-
sis, the treatment electrode was secured in place by 
pre-wrap and athletic tape and the athlete was told 
to keep it in place until the following morning 
(approximately 15 hours). Although there is no evi-
dence for this practice of maintaining the electrode 
in contact after cessation of current flow, the elec-
trode was secured in place with the idea that further 
absorption may occur with additional exposure to 

noted tenderness to palpation over the lateral aspect 
of the right arm and had a well circumscribed, 8 by 5 
centimeter, firm, palpable mass that was located in 
the brachialis muscle. Additionally, the athlete was 
able to passively flex his elbow from 56° to 135°, dem-
onstrating a 56° loss of elbow extension. No other 
ROM limitations in the right upper extremity were 
found. Functionally, he was able to perform most 
activities of daily living as the injury did not involve 
his dominant arm, but he was unable to play hockey. 
The athlete’s past medical history was not significant 
for previous injury to the involved extremity.

Based on the athlete’s mechanism of injury, and 
objective findings from the examination, a contusion 
of the underlying soft tissue and fracture of the 
humerus were both considered as possible differen-
tial diagnoses. A fracture seemed unlikely due to 
normal radiographs and a contusion/hematoma 
seemed more plausible. However, the presence of a 
large, firm mass in the area of trauma and the signifi-
cant loss of ROM into elbow extension seemed to 
suggest the possibility of other pathology. Based 
upon prior experience and examination findings sim-
ilar to previously reported cases in the literature,4, 7, 13 
the authors hypothesized that the athlete may have 
developed myositis ossificans. Although not present 
when his radiographs were read, it is possible that 
this condition developed between the time the diag-
nostic test was administered (12 days after injury) 
and the initial physical therapy examination (18 days 
after injury). Unfortunately, no additional radio-
graphs were ever taken so radiographic confirmation 
of myositis ossificans was never achieved. Literature 
suggests that myositis ossificans should be consid-
ered in the differential diagnosis of any young ath-
lete who presents with pain, a palpable mass and a 
flexion contracture in the upper arm.7 

Iontophoresis, using a 2% solution of acetic acid, 
was chosen as an intervention for this athlete. This 
intervention was selected based on the authors’ past 
success in applying this treatment to similar condi-
tions and on Wieder’s13 case report. Because the 
medication had to be ordered (Columbine Drug, 
Loveland, CO 80538 USA), the athlete’s first treat-
ment consisted of 1 MHz pulsed ultrasound with a 
20% duty cycle at 1.2 W/cm2 for 10 minutes directly 
over the mass. This was followed by an ice massage 
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An e-mail sent by the athlete approximately five 
weeks after the last treatment reported that the arm 
“…is completely healed, full motion, no pain when 
straightening.” At a final follow-up appointment 
almost 12 weeks after the start of his treatment (a 
little over 14 weeks since the initial injury) the ath-
lete demonstrated full passive ROM into elbow 
extension and no palpable mass was present. The 
athlete reported independence with all activities 
including hockey, reported no pain, and had 5/5 
strength throughout the right upper extremity. 

DISCUSSION
Although it is impossible to make definitive conclu-
sions based on a case report, the clinical scenario 
presented here provides some evidence that use of 
acetic acid iontophoresis was helpful in the treat-
ment of what was hypothesized to be traumatic 
myositis ossificans. This intervention appeared to be 
successful in decreasing the athlete’s pain, calor, and 
tenderness to palpation; increasing his ROM; assist-
ing in the re-absorption of the palpable mass; and 
returning him to his previous activity levels. 

Additionally, the interventions selected in this case 
may have been helpful in decreasing the period of 
disability reported in the literature using traditional 
treatment interventions following an injury of this 
type. In this case, the athlete was able to return to 
competitive hockey 23 days after the initiation of 
physical therapy treatment, or 41 days after his orig-
inal injury with only minor restrictions into elbow 
extension and a small palpable mass. This result is 
32 days sooner than the lower extremity cases 
reported by Jackson and Feagin4 and 75 days sooner 
than the upper extremity cases reported by Huss 
and Puhl.7 

the medication as has been suggested with other 
forms of transdermal medication delivery.20 This 
treatment regimen was continued for an additional 
seven times over the course of 23 days for a total of 
nine iontophoresis treatments over 29 days.

OUTCOME
The results of this athlete’s case are presented in 
Table 2. Thirteen days after the initiation of his treat-
ment program, the athlete’s right passive elbow ROM 
improved to 35° to 135°. During this time, one treat-
ment of pulsed ultrasound and three iontophoresis 
treatments had been administered. Two days later, 
his passive elbow ROM had improved to 23° to 135° 
and five days later was 7° to 135°. Three days after 
that, a total of twenty-three days since the start of 
treatment, the athlete was cleared by the team ortho-
paedist to begin playing hockey with a protective pad 
over the area of injury. Iontophoresis treatments 
were continued for an additional two sessions as the 
mass was still palpable. Following those treatments, 
the athlete stopped coming for treatment. 

Figure 2: Iontophoresis set up.  Note active electrode (nega-
tive electrode) containing 2.5 cc’s of acetic acid located proxi-
mally over the upper arm in the region of the palpable fi rm 
mass and dispersive electrode (positive electrode) located dis-
tally on the forearm.

Table 2. Patient’s improvement in elbow extension PROM 
with the provided treatment. The number of treatments is 
indicated in the column to the far right.
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extremity, Wieder’s chosen treatment interventions 
may have been overall more effective than the inter-
ventions used in this case. 

If it is true that the clinical condition being treated in 
this case was a contusion rather than myositis ossifi-
cans, the therapeutic mechanism that has been pro-
posed when using acetic acid iontophoresis on an 
ossified structure does not apply to this case. 
Although it is possible that acetic acid may have 
some effect on a hematoma, it seems more plausible 
that the direct current itself may have influenced the 
result in this case. It has been shown that the applica-
tion of direct current at the levels used in this case 
report cause vasodilation.21-22 Vasodilation, especially 
when used in the non-acute stage of an injury, may 
have enhanced the resolution of the contusion and 
be responsible for the results reported in this case. 

Although other interventions, including daily AROM, 
one treatment using pulsed ultrasound, and one ice 
massage were included in this athlete’s plan of care, 
those interventions are not considered influential in 
the overall outcome of this case report. The athlete’s 
improvement in elbow ROM seemed to be more 
closely associated with decreasing the size of the 
mass rather than any tissue changes that the AROM 
exercises would have produced. Likewise, it seems 
unlikely that one treatment of ultrasound and ice 
massage had a significant impact on the correction of 
impairments, absorption of the mass, and resolution 
of the disability. However, it is unknown whether the 
period of disability would have been significantly 
shortened with consistent addition of pulsed ultra-
sound and/or cryotherapy to the treatment regimen. 

This case report suggests that acetic acid iontopho-
resis may be a useful treatment for soft tissue inju-
ries including contusions and possible traumatic 
myositis ossificans. Application of this treatment 
may be important for correcting the impairments 
associated with these conditions, and reducing the 
overall time of disability. 

Clearly, large scale, controlled research studies are 
needed to investigate the influence of iontophoresis 
with acetic acid on impairments and functional out-
comes for people with soft tissue injuries. Future inves-
tigations could also examine the efficacy of iontophoresis 
alone versus in combination with adjunctive therapies 

The period of disability reported in this case is com-
parable to the six weeks reported by Wieder13 who 
used similar interventions in a case of myositis ossi-
ficans in the quadriceps. Wieder’s use of ultrasound 
in addition to acetic acid iontophoresis is the pri-
mary difference between the two cases. It is 
unknown whether more extensive use of ultrasound 
in this case would have been helpful.

Although the working diagnostic hypothesis in this 
case was of the presence of myositis ossificans, radio-
graphic evidence did not support this. Because the 
cases described by Jackson and Feagin4 and Huss 
and Puhl7 demonstrated radiographic signs of myosi-
tis ossificans, the shorter period of disability described 
in this case, as compared to theirs, may have been 
because the athlete in this case report had a contu-
sion/hematoma rather than myositis ossificans. 
However, even if the clinical condition that was being 
treated was a contusion, the athlete in this case 
report had a shorter period of disability when com-
pared to previously reported cases with similar con-
ditions treated with traditional means. The cases 
described by Jackson and Feagin,4 included five 
cadets who had moderate to severe contusions that 
never developed ossification (as determined by 
radiographs). These cadets suffered an average of 49 
days of disability or 8 days more disability than the 
case described here. Although 8 days is a short period 
of time, it may be clinically significant if it allows an 
athlete to return at the end of the season, for play-
offs, or in time to face a critical opponent. 

It is possible that the period of disability for the ath-
lete in this case study, as compared to the cases 
reported by other authors, may be different due to 
the location and/or size of the lesion. Thorndike14 
reported that smaller ossifications and ossifications 
in the upper extremity tend to have a greater chance 
of re-absorption. The cases reported by Jackson and 
Feagin4 were all lower extremity cases which could 
account for the longer period of disability they 
reported. Huss and Puhl7 described upper extremity 
cases, but failed to indicate the size of the lesions. 
The case report by Wieder13 involved the lower 
extremity and the area of the lesion seemed to be 
bigger (10 by 6 centimeters versus 8 by 5 centime-
ters). Because she was able to achieve a similar 
period of disability with a larger lesion in the lower 
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like ultrasound and cryotherapy. Likewise, the relation-
ship between time of disability and involvement of the 
upper and lower extremity, and time of disability and 
the size of the ossification could more clearly be 
defined. 
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ABSTRACT

Objective: To demonstrate a comparative diagnostic approach between magnetic resonance imaging (MRI) 
and musculoskeletal ultrasound for detecting UCL trauma of the elbow in a collegiate baseball pitcher.

Background: A 19 year-old male baseball pitcher with no previous history of an elbow injury presented 
with left medial elbow pain after experiencing a popping sensation during a bull pen throwing session. 
Patient initially demonstrated palpable tenderness directly over the UCL and a positive milking maneuver. 
Minimal swelling and no observable discoloration were noted upon examination. Diagnostic ultrasound 
was utilized to assess the elbow anatomical structures. The differential diagnosis included medial epicon-
dylitis, flexor pronator muscle strain, ulnar collateral ligament tear

Treatment: Initial treatment was conservative while preparing for a ligament reconstruction. Goals 
included pain control, restoration of range of motion, and reduction of inflammation. 

Uniqueness: Accurate diagnosis of UCL disruption was made using dynamic diagnostic musculoskeletal ultra-
sound despite a negative MRI. The ability to accurately identify the injury contributed to the timeliness of the 
appropriate surgical intervention and the facilitation of a timely and successful rehabilitation program. 

Conclusions: Dynamic musculoskeletal ultrasound may offer an effective option for diagnosing UCL tears of the 
elbow. Diagnostic musculoskeletal ultrasound is an affordable, accessible, and portable option that provides a 
clinician with real-time information and accurate observations in the hands of a skilled operator. Diagnostic 
musculoskeletal ultrasound may play an increased role as a diagnostic tool in the sports medicine community.

Key Words: Ulnar collateral ligament (UCL), Magnetic resonance imaging (MRI), musculoskeletal ultra-
sound, MSK, diagnostic ultrasound
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UCL reconstructions in high school baseball ath-
letes, with one center reporting a rise from five to 50 
procedures during this timeframe.2, 3

The medial or ulnar collateral ligament is the pri-
mary structure responsible for stability of the elbow 
joint against the valgus forces associated with the 
throwing mechanism. Anatomically, the ligament 
complex is composed of three bundles: the anterior, 
posterior, and transverse bundles with the anterior 
bundle being the strongest component. 4- 6 The ante-
rior bundle originates on the medial epicondyle of 
the humerus and inserts on the tubercle of the ulna. 
(Figure 1) This bundle is crucial in the maintenance 
of joint stability during the late cocking and early 
acceleration phases of over-head throwing.5 The 
anterior bundle of the UCL is placed under the great-
est amount of valgus stress during the throwing 

Shoulder and elbow injuries are the most common 
injuries sustained by overhead throwing athletes, 
particularly baseball pitchers.1 In a long-term study 
of the epidemiology of college baseball injuries from 
1988-2004, the incidence of upper extremity injuries 
was as high as 45% for all game and practice injuries 
with elbow related injuries noted as the second most 
commonly injured body part.1 It has also been 
reported that upwards of 75 major league pitchers 
since 2001 have undergone a UCL reconstruction via 
the commonly performed “Tommy John Surgery”.2 
While previously thought of as a concern to colle-
giate and professional level throwers, medial elbow 
injuries have now become more prevalent in 
younger baseball pitchers when compared to previ-
ous years. A retrospective cohort study analyzing 
data from 1988-2003 revealed a dramatic increase in 
UCL injuries with an astonishing 50% increase in 

Figure 1: Anatomy of the medial elbow complex, courtesy of Primal Pictures, London, UK.
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the ulnar nerve at the medial aspect of the elbow, 
and no neurological symptoms were identified. All 
range of motion was full and equal to the non-throw-
ing elbow unaccompanied by discomfort. Valgus 
stress testing at both 30º and 90º of elbow flexion, 
revealed medial joint opening and joint laxity. A 
positive milking maneuver was also evident with 
unremarkable results on the non-involved elbow. A 
formal grade of instability was not determined as it 
was unclear as to the amount of joint gapping may 
have existed prior to any injury in the dominant ver-
sus non-dominant elbow.

One day following the reporting and assessment of 
the injury, radiographic and dynamic imaging tests 
were performed. All x-rays of the elbow were unre-
markable with the exception of mild cartilage irregu-
larities seen along the posteromedial aspect of the 
trochlea and the medial aspect of the olecranon. An 
MRI was read as negative for any ligamentous dis-
ruption or other tissue damage. A dynamic diagnos-
tic musculoskeletal ultrasound was performed by 
the team orthopaedic surgeon with the athlete in a 
supine position while performing the milking 
maneuver test. This ultrasound revealed a disrup-
tion of the ulnar collateral ligament at its mid sec-
tion and at its insertion onto the ulna.(Figure 3) 

Differential Diagnosis
Based upon the clinical examination, imaging 
findings, and potential delayed symptoms, the 

motion between 20-30 degrees of elbow flexion as a 
result of the olecranon process unlocking from the 
olecranon fossa.4, 5

Diagnosing medial elbow injuries in an accurate and 
timely manner can be challenging to even the expe-
rienced clinician. A thorough history, knowledge of 
the type, volume, and level of activity, and a report 
of the mechanism of injury can all assist in under-
standing what structures may be involved. Physical 
examination including observation, palpation, and 
performance of special tests can be further incorpo-
rated to corroborate one’s assessment. Plain radio-
graphs, arthrograms, computed tomography (CT), 
and magnetic resonance imagining (MRI) are com-
monly utilized to make an accurate diagnosis. 
Recently, diagnostic musculoskeletal ultrasound has 
emerged as a valuable tool for evaluating soft tissue 
structures whereby clinicians can benefit from the 
ability to apply external forces to live imaging.7-8 
Diagnostic musculoskeletal ultrasound has the capa-
bility to identify full and partial tears in the UCL in 
addition to detecting localized joint swelling, joint 
instability, and medial joint space widening while 
under loaded situations.4,5 The valgus stress test for 
medial elbow joint instability can be used to detect 
joint space gapping. In addition, providing a valgus 
stress with the shoulder at 90 degrees of shoulder 
flexion, referred to as the milking maneuver tech-
nique, allows for dynamic assessment of the liga-
ment at normal tissue length and under tension. 
(Figure 2)

CASE DESCRIPTION
A 19 year old male left-handed collegiate baseball 
pitcher was throwing a bullpen session during an 
early pre-season practice when he reported having 
felt a popping sensation in his throwing arm that 
was immediately followed by medial elbow pain. 
The athlete immediately discontinued his throwing 
session and was examined on-site by the certified 
athletic trainer and the orthopaedic team physician. 
Physical examination noted mild palpable swelling 
over the medial aspect of his left elbow with tender-
ness to touch at of the insertion of the UCL on the 
ulna as well as the mid-substance region of the liga-
ment. The level of pain was subjectively rated six 
out of a possible ten via verbal feedback. No pain 
was elicited superficially over the ulnar groove or 

Figure 2: Musculoskeletal ultrasound performed on the 
medial aspect of the elbow with simultaneous valgus forces 
applied through the milking maneuver.
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and the procedure was scheduled to be performed 
within the week of the injury occurrence. Treatment 
intervention during the three days preceding the 
scheduled surgical procedure consisted of efforts to 
maintain full range of motion, minimize any subse-
quent muscle atrophy, reduce accompanying pain 
levels, and decrease localized joint swelling. 

An open surgical procedure in the region of the 
medial aspect of the elbow confirmed the findings of 
the dynamic musculoskeletal ultrasound. The UCL 
was subsequently reconstructed and the athlete 
began a progressive rehabilitative program. Figure 4 
provides evidence of the reconstructed ligament 
seen via musculoskeletal ultrasound four months 
post-operatively.

DISCUSSION
The first injuries to the UCL of the elbow sustained 
by javelin throwers were described in 1946.4 Over 
the last couple of decades, magnetic resonance 
imaging has been the gold standard for diagnosis of 
injury to the UCL of the elbow. These images pro-
vide clear visualization of varied parts of the liga-
ment, adjacent bone, and associated soft tissues9 
Despite the ability of MRI to detect ligamentous 

differential diagnosis included the following: ulnar 
collateral ligament tear, medial epicondylitis and 
flexor pronator muscle strain, osteochondral lesion 
at the humeral ulnar joint articulation, and ulnar 
nerve subluxation.

Subsequent management of medial epicondylitis and 
flexor pronator muscle strains would be approached 
conservatively. However, addressing an ulnar collat-
eral ligament tear, osteochondral lesion, or ulnar 
nerve subluxation would likely require surgical inter-
vention. In such cases, the recovery time associated 
with an operative technique would be sufficiently 
long enough to allow for conservative healing of any 
concomitant muscle tissue strain. Based upon the 
reported symptoms and functional inability to per-
form, the physical examination data, and the results 
of the musculoskeletal ultrasound, it was decided to 
proceed with a surgical approach with the hypothesis 
that the ulnar collateral ligament may be the primary 
structural component of concern.

OUTCOME

Treatment Intervention
The decision to perform surgery to reconstruct the 
athlete’s ulnar collateral ligament was made quickly 

Figure 3: Musculoskeletal ultrasound to assess the integrity of the ulnar collateral ligament at the time of injury.  Arrow on the 
right points to the UCL injury, arrow on the left points to the medial epicondyle.
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- $40,000 for a mobile unit, once owned, additional 
approvals from third party payers are not necessary 
for those in the high school, collegiate or profes-
sional setting since assessments can be performed at 
any time by the clinician trained to use the machine. 

There are some inherent disadvantages and chal-
lenges of using musculoskeletal ultrasound. Perhaps 
the largest challenge is that of the time associated 
with learning the technique. To the novice clinician, 
musculoskeletal ultrasound may not necessarily be 
viewed as a time-saving, gold-standard approach to 
viewing the ulnar collateral ligament. While no stan-
dard guidelines have been established to verify com-
petence for using the technique amongst physicians 
and other health care providers, it is estimated that 
the learning curve may be quite extensive and yield 
consistent and reliable results relative to the experi-
ence (or lack thereof) of the clinician. Currently, 
however, dynamic musculoskeletal ultrasound is the 
only tool available that allows for prompt image 
guided office-based procedures to assess the medial 
aspect of the elbow.5,11 

When properly used, dynamic musculoskeletal ultra-
sound compared to standard MRI can increase the 

damage, it is not without limitations. Anecdotally, 
baseball pitchers have reported an inability to throw 
successfully (without pain and feelings of instabil-
ity) despite the absence of a positive MRI finding of 
actual tissue damage to the UCL. This may be due to 
the tension increases in the ligament seen with joint 
valgus forces that can occur without recognizable 
ligament tearing on imaging procedures. As such, 
dynamic diagnostic musculoskeletal ultrasound pre-
sents the clinician with the ability to actively assess 
the extent of medial joint line opening while simul-
taneously observing the status of the medial collat-
eral ligament fibers and their response to activity 
(milking technique). 

There are many benefits to the inclusion of using 
diagnostic musculoskeletal ultrasound for assessing 
the UCL of the elbow. Generally speaking, the tech-
nique is non-invasive, takes just a few minutes to 
perform, and can be repeated as frequently as war-
ranted without the complications of scheduling 
conflicts. 10, 11 Furthermore, the smaller units are por-
table yet still possess the capability to store images 
and video captures that can be reproduced instanta-
neously for clinician viewing and comparison. 
Despite the initial cost ranging between $25,000 

Figure 4: Musculoskeletal ultrasound to assess the ulnar collateral ligament 4 months after the ligament  reconstruction.
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extent of the injury not been determined using the 
musculoskeletal ultrasound, it is likely the athlete 
would have entered a time-consuming conservative 
course of rehabilitation while simultaneously seek-
ing additional medical opinions and undergoing fur-
ther imaging procedures. 

Summary
This case report presents the description of a patient 
that presented the opportunity to utilize dynamic 
diagnostic musculoskeletal ultrasound as a diagnos-
tic tool in order to assess the integrity of the UCL of 
the elbow. Ligamentous disruption was identified 
that was not detected by standard MRI examination. 
Though not considered the gold standard for exami-
nation of soft tissues such as ligaments, dynamic 
musculoskeletal ultrasound possesses the potential 
to be used as a portable and readily available, non-
invasive adjunct to the more expensive and com-
monly used MRI. This case report demonstrates the 
importance and unique application of clinician 
assessment and simultaneous tissue imaging under 
controlled circumstances whereby active forces can 
be applied to stress the tissue being examined. Prior 
to confirming this technique as a gold standard 
approach, further studies will need to be conducted 
and standardized training and procedures will need 
to be established to demonstrate reliability of the cli-
nician operator and the and validity of the measure-
ment provided by the equipment.
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ABSTRACT

This invited clinical commentary summarizes the current state of knowledge in the area of prevention of 
anterior cruciate ligament (ACL) injuries. ACL injuries occur with a four to six fold greater incidence in 
female compared to male athletes playing the same high risk sports. The combination of increased risk of 
ACL injury and a 10-fold increase in sports participation since the enactment of Title IX in 1972 has led to 
an almost epidemic rise in ACL injuries in female athletes. Examination of the mechanisms responsible for 
this sex disparity in ACL rupture accelerated in the last two decades. A summary of these findings and a 
synthesis and framework for understanding the results of the intense investigation of this research are 
detailed herein. This clinical commentary focuses on the current understanding, identification and inter-
ventional targeting of the primary neuromuscular and biomechanical risk factors associated with the ACL 
injury mechanism in high-risk individuals.

Key Words: Female, ACL injury, prevention strategies
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INTRODUCTION
Anterior cruciate ligament (ACL) injury occurs with a 
four to six fold greater incidence in female athletes 
compared to males playing the same landing and cut-
ting sports.1 The elevated risk of ACL injury in females 
coupled with the 10-fold increase in high school and 
5-fold increase in collegiate sport participation in the 
last 30 years has led to a rapid rise in ACL injuries in 
females.2-3 This increase in ACL injuries in the female 
sports population has fueled intense examination of 
the mechanisms responsible for the gender disparity 
in these debilitating sports injuries.4-12 ACL rupture is 
costly, with conservative estimates of surgery and 
rehabilitation at $17,000-$25,000 per injury.6, 13 This is 
in addition to potential loss of entire seasons of sports 
participation, decreased scholarship funding, lowered 
academic performance, long term disability, and sig-
nificantly greater risk of radiographically diagnosed 
osteoarthritis.14-15 The mechanism underlying gender 
disparity in ACL injury risk is likely multi-factorial in 
nature. Several theories have been proposed to explain 
the mechanisms underlying the gender difference in 
ACL injury rates. These theories include related extrin-
sic (physical and visual perturbations, bracing, and 
shoe-surface interaction) and intrinsic (anatomic, hor-
monal, neuromuscular, and biomechanical differences 
between genders) variables. This clinical commentary 
focuses on the authors latest understanding of the 
identification of the neuromuscular and biomechani-
cal risk factors associated with the ACL injury mecha-
nism and provides direction for targeted prophylactic 
interventions for high-risk individuals.

ACL INJURY RISK PREDICTION 
Using coupled biomechanical-epidemiological 
approaches, the authors have studied young athletes 
in Boone County, Kentucky for nearly a decade.16-18 
In that county school system the authors have been 
tracking all the sixth- through twelfth-grade female 
soccer, basketball, and volleyball players, by assess-
ing biomechanical performance and following the 
athletes longitudinally for injury. Load and biome-
chanical profiles of young athletes can be studied in 
order to determine how these profiles relate to bio-
mechanical and neuromuscular factors, as well as to 
determine how they underlie future risk for ACL 
injury as the athlete’s age. These same profiles are 
also being studied regarding their relationship to 

patellofemoral pain syndrome, juvenile osteochon-
dritis dissecans, and osteochondral defects. The cou-
pled biomechanical-epidemiological approach has 
allowed the authors to develop a much greater 
understanding of the critical ages when females 
appear to be most vulnerable to injury, as well as the 
strategies that can be undertaken in order to prevent 
and treat ACL injuries.16, 19-21

When video sequences of actual ACL injury are exam-
ined, it appears that there are four common motor per-
formance components that occur, especially in 
women.16, 22 As the at risk female athlete lands, her knee 
buckles inward. The injured knee is relatively straight. 
Most if not all of her weight is on a single lower extrem-
ity. Finally, her trunk tends to be tilted laterally. In sum-
mary, her center of mass is outside of her base of foot 
support. These same mechanisms also occur in men 
but the exaggeration of the positioning of the lower 
extremities and trunk is much greater in women. 

Directly related to the aforementioned four com-
mon components of the typical mechanism of injury 
are four neuromuscular imbalances that the authors 
term ligament dominance, quadriceps dominance, 
leg dominance, and trunk dominance. Existing evi-
dence suggests that these four neuromuscular imbal-
ances may be associated with the underlying ACL 
injury mechanisms. Therefore, these imbalances 
should be screened for and indentified in individual 
athletes. Identification of faulty movement patterns 
would allow for implementation of specific inter-
ventions, targeted at prevention.

Ligament Dominance
Recall the component of the typical injury mechanism 
where the knee collapses into a valgus position. The 
neuromuscular imbalance observed more frequently in 
women than men responsible for this biomechanical 
deficit is termed ligament dominance. In the condition 
termed ligament dominance, muscles do not suffi-
ciently absorb the ground reaction forces, so the joint 
and the ligaments must absorb high amounts of force 
over a brief time period. High amounts of force sus-
tained over a short period of time lead to higher impulse 
forces, which is what likely results in ligament rupture. 

Ligament dominance is characterized by use of ana-
tomic (bony configuration and articular cartilage) 
and static stabilizers (ligaments) to absorb the ground 
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mass moves with it. As the GRF tracks the COM, and 
if it progresses lateral to the center of the knee joint, 
the result is movement of the knee joint into a val-
gus alignment. Thus, the problem with excessive lat-
eral trunk motion or the lack of adequate 
neuromuscular control of the motion of the trunk in 
the frontal plane during sports movements: the 
ground reaction force moves in the direction of the 
center of mass, lateral to the knee joint, and forces 
the lower leg into an abducted position (valgus posi-
tion at the knee). (Figure 1)

Quadriceps Dominance
Recall that females tend to land from a jump with less 
knee flexion than males. The extended knee joint 
component of the injury mechanism relates to a neu-
romuscular imbalance that occurs in females that the 
authors term quadriceps dominance. Quadriceps 
dominance refers to the tendency to stabilize the 
knee joint by primarily using the quadriceps muscles. 
Women appear to preferentially use the quadriceps 

reaction forces encountered during activity, rather 
than the use of the muscular prime movers of the 
lower extremity. Especially important for lower 
extremity muscular control (and avoidance of liga-
ment dominance) is the group of muscles that com-
prise the posterior kinetic chain: the gluteals (both 
maximus and medius), the hamstrings, and the gas-
trocnemius and soleus. The large, powerful poste-
rior chain muscles must be properly recruited in 
order to absorb the substantial reaction forces 
imparted by the ground, or they travel to the joint 
and the ligament. Newton’s third law of equal and 
opposite reaction forces is always obeyed. There-
fore, when a female soccer player makes a one-
footed cut on the field, or a female basketball player 
lands from a rebound on a court, she hits the ground 
or court, and that surface hits her back with an equal 
and opposite reaction force. The reaction force expe-
rienced by the athlete is actually significantly greater 
than her body weight because her body and body 
segments have inertia and impart a force to the 
ground greater than their collective mass. These 
inertial properties related to velocity of movement 
lead to forces in multiples of body mass impacting 
the ground and body. For example, when a female 
athlete is simply walking across the court, she is 
impacting the ground and the ground is impacting 
her back with two to three times her body mass. 
Forces experienced during the landing, cutting, run-
ning and jumping tasks performed during sports 
activities occur in multiples of body mass much 
greater than two to three times. 

During all activities, the ground reaction force (GRF) 
is directed toward the center of mass (COM) of the 
body. The COM, which resides in the trunk segment 
of the body, is the target of the GRF, and therefore 
the trunk and control of trunk motion is vitally 
important for control of GRF’s imparted to the body. 
In addition to the trunk, the positioning of the COM 
relative to the knee joint and the plantar surface of 
the foot is crucial with regard to knee protection or 
injury. The trunk plays a crucial role in the female 
athlete’s ability to control her body in space. This 
will be further discussed in the upcoming section on 
trunk dominance. However, in the context of liga-
ment dominance, if the trunk moves, the GRF tracks 
or follows the movement of the trunk; if an athlete 
allows her trunk to move laterally, her center of 

Figure 1. Example of dynamic lower extremity valgus: A 
combination of motions and rotations at all 3 lower extremity 
joints, potentially including hip adduction and internal rota-
tion, knee (tibial) abduction, tibial external rotation and ante-
rior translation and ankle eversion.
Figure reproduced from Hewett, TE, et al. Biomechanical measures 
of neuromuscular control and valgus loading of the knee predict 
anterior cruciate ligament injury risk in female athletes: A prospec-
tive study. Am J Sports Med. 2005;33(4):492-501. Used with permis-
sion, Sage Publications.
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because he/she just blocked the ball over the net, 
and the landing knee is often near full extension, 
demonstrating the lack of knee flexion.

If the athlete’s COM is forward and the knee is 
extended, the GRF (when assessing from the side, in 
the sagittal plane) slams the knee back further into 
extension. In biomechanical terminology this is 
referred to as an external force, because the force is 
coming from the ground. In essence, as the athlete 
hits the ground, the ground offers an external exten-
sion force which extends the hinge of the knee joint. 
As previously mentioned, according to Newtonian 
mechanics the mechanisms inside the body must 
generate an equal and opposite torque in order to 
 prevent the athlete from falling backwards. That 
torque is called an internal flexion moment or flexion 
torque, and it is provided mainly by the hamstrings 
and gastrocnemius at that point of landing. Deficits in 
recruitment of hamstrings and gastrocnemius during 
landing may allow for excessive extension torques 
that increase stress on knee joint passive stabilizers, 
and provide enough torque to cause injury. The 
authors of this commentary further determined in 
the same study of volleyball players that the posterior 
kinetic chain muscles that flex the knee were acti-
vated at three times the level in size-matched males 
as compared to females when landing from a jump.5 
This early study provided documentation of quadri-
ceps dominance in women5. Other researchers exam-
ined the muscular reactions that occurred after 
pushing the tibia forward with an experimental turn-
buckle device. In this study, men activated their ham-
strings first, while females first activated their 
quadriceps.23 In summary, primary activation of the 
hamstrings is desirable because the hamstrings pull 
the tibia posteriorly and take stress off the ACL. The 
quadriceps first muscular control strategy used by 
women, where the quadriceps pull forward adding to 
the anterior stress on the ACL, is exactly opposite of 
the preferred activation pattern used by males.

Leg Dominance
The authors call the third type of imbalance leg dom-
inance. In tasks that normally require side-to-side 
symmetry of the lower extremities, women tend to be 
more one-leg dominant than their male counterparts. 
When a female tears her ACL, most if not all her 
weight is on a single leg.22 When considering the 

more than males in order to stiffen and stabilize the 
knee joint.5 When females contract their quadriceps 
it extends their knee, which likely relates to the more 
extended knee position observed during an ACL 
injury. In addition to that, the quadriceps serve to 
stiffen or compress the tibiofemoral joint. The com-
mon quadriceps tendon attaches at the superior 
patella, and then attaches via the infrapatellar tendon 
to the tibial tubercle on the anterior tibia. When the 
quadriceps contract they pull the tibia anterior rela-
tive to the femur. The resultant biomechanical prob-
lem is that the ACL serves to hold the tibia posteriorly 
(or check anterior translation), and when a female 
athlete uses her quadriceps to stabilize the joint she 
induces an anterior shear stress to the tibia and there-
fore also to the ACL.

Quadriceps dominance relates to ligament domi-
nance. If an athlete preferentially uses the quadri-
ceps instead of the posterior chain muscles to control 
the limb, she uses a single muscle with a single ten-
dinous insertion for stability and control. This is in 
contrast to using the group of posterior chain mus-
cles that possess multiple muscles with varied ten-
don insertions that can be selectively utilized to 
control the limb during functional tasks. For instance, 
the hamstring has both medial and lateral tendons 
that play a vital role in stiffening and stabilizing the 
knee joint, in the exact opposite direction of the 
quadriceps at low knee flexion angles. The ham-
strings are able to increase flexion at the knee, which 
provides a better position (mechanical advantage) 
for using the muscles to absorb force. The ham-
strings are considered a synergist with the ACL and 
are able to pull the tibia posteriorly thereby decreas-
ing the stress on the ACL. Finally, the hamstrings 
have tendons that insert on either side of the joint 
that can offer the frontal plane control of motion at 
the knee that is vital for injury prevention.

The authors’ early studies compared high school 
male and female volleyball players who were on 
average the same weight and height. Hence, biome-
chanically, they were quite similar.5 When an ath-
lete blocks a volleyball over a net, two significant 
force spikes occur right at the point of landing, when 
the ball of the foot hits and when the heel hits. These 
forces are in the range of five to seven times body 
weight. The athlete’s center of mass is forward 
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than their male counterparts. Her center of mass is 
higher off the ground, therefore, it is harder for her 
to control and balance her body. After the adoles-
cent growth spurt, males get what is called a “neuro-
muscular spurt” where they experience muscular 
development and get proportionately more power-
ful. So, although males also get a bigger “machine” 
after a growth spurt they get a much bigger sized 
engine in relation to the size of the machine. In con-
trast, in women and girls, that ratio between the size 
of the machine and the size and the power output of 
the engine, basically stays the same and does not 
adapt to the increased demands.

After maturation, females experience a more mas-
sive trunk, a center mass located higher off the 
ground and fat and lean body mass redistributed in 
novel ways, but don’t get the more powerful engine 
to control that bigger “machine”. When examining 
videos of a woman rebounding a basketball or cut-
ting on the soccer field, she will frequently have 
excess motion of the trunk. Recall, that as discussed 
in the context of ligament dominance, the uncon-
trolled side to side movements and GRF’s create 
medial-lateral torques on the knee. 

In summary, the authors believe that these four 
neuromuscular imbalances underlie the mecha-
nisms that relate to ACL injury risk that is greater in 
females than in males. We have demonstrated these 
four dysfunctional movement strategies both in the 
controlled environment of the laboratory and during 
sport performance and injury analysis on the field 
or court. Acknowledging that there are differences 
between males and females in the observed ACL 
injury mechanism, it is important to understand the 
important variations observed in prevention strate-
gies.29 When interventions are designed, the observed 
differences in injury mechanisms should be consid-
ered and unique programs that specifically address 
the neuromuscular deficits observed should be 
developed for males and females. For example, in 
females there should be a greater focus on dynamic, 
ground based core or dynamic trunk training than in 
a program developed for males.27-28Authors have dem-
onstrated that single limb balance and wobble board 
training is more important for men than women, who 
are on average more proficient than men at single 
leg balance. Hence, single limb balance training 

imbalance of leg dominance, it should be acknowl-
edged that most athletes have a preferred plant leg 
and a preferred kick or drive (in the case of a single 
leg jump task) leg. However, the difference between 
limbs in muscle recruitment patterns, muscle 
strength, and muscle flexibility, tends to be greater, in 
women than men.10, 21, 24-26 So, in the context of a pre-
season screening process neuromuscular/biome-
chanical tests should attempt to identify side-to-side 
differences. Regarding muscular symmetry, if side to 
side muscle strength or relative recruitment differ-
ences are measurable, then an athlete is asymmetric 
and is considered to be leg dominant. What the 
authors of this commentary have shown is that those 
that have greater asymmetry in these force and 
torque profiles have greater risk of future injury.20

Trunk (Core Dysfunction) Dominance
Those athletes, typically women, who do not adequately 
sense the position of their trunk in three-dimensional 
space, or allow greater movement following a perturba-
tion or disturbance of their trunk, have greater risk of 
future knee, ligament, and ACL injury.22, 27 Diminished 
proprioception of the trunk is one difference that exists 
between men and women. In women a valgus position-
ing of the knee is frequently observed during varied 
motor tasks, and is considered to be high risk for ACL 
injury. The same positioning is not frequently observed 
in men, and the trunk is a more common contributor 
to the at risk position demonstrated by women. For 
instance, in those studies performed by Zazulak et al27-28 
on the association between trunk proprioception and 
control and future risk of knee ligament injury, trunk 
motion and trunk proprioception predicted risk of 
future knee ligament injury in females, but not males.27

Trunk dominance is simply defined as the inability 
to precisely control the trunk in three dimensional 
space. Trunk dominance may be related to growth 
and maturation factors. For example, if you observe 
a young woman who has just experienced a growth 
spurt; she has a bigger “machine” to manage with 
her existing motor programs and neuromuscular 
strategies. This growth spurt may be likened to put-
ting someone on stilts. So, if an average 10 or 11 year 
old female grows ten to fifteen centimeters (4-6 
inches) in a year she basically functions as if on 
stilts. As females mature, they also increase body 
mass and add proportionally more fat body mass 
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The authors believe that the muscles of the posterior 
chain are present, but are often under-recruited or 
not effectively “turned on” in many female athletes. 
For instance, Zazulak et al presented data regarding 
hip muscular recruitment of women and men, show-
ing that women activate their hamstrings and gluteals 
less than men.32 The gluteus maximus, the biggest, 
strongest muscle in the body, is the only triaxial, 
three plane controller of femoral position. When an 
athlete primarily contracts her quads, and reduces 
the contraction of her gluteals and hamstrings, the 
result is the position of valgus knee collapse. Recall 
that this is problematic because as an athlete allows 
the ground to push her knee into the valgus position, 
her muscle contraction patterns further reinforce 
that position and the loads experienced at the knee 
can become high enough to be injurious. 

Interventions to encourage female athletes to become 
less quadriceps dominant emphasize “turning on” or 
emphasizing the recruitment of the posterior kinetic 
chain muscles. This can be achieved in multiple 
ways. Plyometric exercises that utilize the position of 
90/90 degrees flexion at the knee and hip are highly 
effective. (Figure 2) Russian hamstring curls using a 
band across the chest facilitate control utilizing not 

should be included when designing an ACL preven-
tion program specifically for men.30-31 

Interventions to address Quadriceps 
Dominance
After conducting two decades of research investiga-
tions and closely following the emerging evidence 
published by other researchers, it has become apparent 
that females are in fact highly quadriceps dominant. 

Table 1. Relationship between Mechanism, Neuromuscu-
lar Imbalance, and Neuromuscular Intervention for ACL 
Injury Prevention in Female Athletes.

Figure 2. Squat jump sequence. Note, in a tuck jump the knees are fl exed toward the trunk while in the air. See Appendix 1 for 
more detail on the tuck jump.
Figure reproduced from: Myer GD, et al. Rationale and clinical techniques for anterior cruciate ligament injury prevention among female ath-
letes. J Athl Train. 2004;39(4):352-364. Used with permission, Journal of Athletic Training.
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increase the difficulty, the athlete can do the same 
movement using a single leg which incorporates both 
balance and strengthening work. 

Interventions to address Leg Dominance 
Single leg balance and single leg hopping techniques 
are useful for addressing leg dominance. (Figure 5) 
Although it may seem counterintuitive, the more sin-
gle leg activities an athlete performs, the more side to 
side symmetry is restored. The human body pos-
sesses complex neurologic mechanisms that attempt 
to achieve balance, one side versus the other. This is 
especially true when performing single leg tasks; the 
body makes use of neuromuscular feedback loops 
and bilateral neurological systems to influence sym-
metry during dynamic control of such tasks. Note 

only the eccentric (lowering) part of a closed kinetic 
chain hamstring curl, but also the concentric (rais-
ing) part. (Figure 3) Athletes benefit by training all 
muscles of the posterior kinetic chain in both eccen-
tric and concentric modes.

The authors also use exercises that enhance recruit-
ment of the posterior chain while requiring core acti-
vation of the abdominals and hip stabilizers. Instruct 
the athlete to put their heels on a medium size swiss 
ball, and assume a plank position, maintaing a neu-
tral pelvis (a flat body position) and then pull the 
knees into flexion, by rolling their heels on the ball. 
The athlete pulls the ball toward their rear-end by 
flexing the knees, achieving a dynamic hamstring 
curl while the pelvis remains stable. (Figure 4) To 

Figure 3. “Russian” hamstring exercise with elastic resistance around the trunk to emphasize concentric and eccentric hamstring 
contractions.

Figure 4. Dynamic core stabilization and hamstring curl on swiss ball. Note: the athlete must stabilize the trunk/core as the legs 
fl ex and extend.
Figure reproduced from: Myer, G. D., D. A. Chu, et al. Trunk and hip control neuromuscular training for the prevention of knee joint injury. 
Clin Sports Med. 2008;27(3): 425-448, ix. Used with permission, Clinical Sports Medicine.
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the pelvis in the transverse and frontal planes. When 
an athlete lacks core stability the pelvis deviates into 
rotated or anterior/posterior tilted positions. 

Another important consideration of core stability is 
the ability of the patient to control the pelvis on the 
hips and lower extremity in space via the stabilization 
functions of the abductors and rotators of the hip. 
Therapists who work with athletes after an ACL tear 
and subsequent reconstruction should be aware that 
one of the best predictors of future risk is hip external 
rotation strength. The hip external rotators serve as a 
proximal stabilizing component of the core and lower 
extremity. In a recent article published by Paterno et 
al, subjects whose hip external rotation strength was 
less than optimal after an ACL reconstruction had an 
eight times greater chance of sustaining another ACL 
injury.21 An exercise to address the hip rotation facet of 
core control is closed chain internal and external rota-
tion of the hip using elastic resistance. (Figure 6) In 
this exercise the patient assumes a single limb stance 
position, wraps elastic tubing around their pelvis and 
concentrically and eccentrically controls the trans-
verse plane rotation/derotation of the pelvis on the 
hip, while keeping the trunk erect. Feedback about 

that maximum cross-over effects are achieved when 
both lower extremities are utilized in single limb 
activities, alternately. Additionally, single leg hop 
activities may influence synergistic recruitment of 
the posterior chain musculature, which facilitates not 
only the muscular control to be successful with uni-
lateral tasks, but may also decrease quadriceps domi-
nance during dynamic tasks. 

Interventions to address Trunk Dominance
Addressing trunk dominance is achieved by core 
training, but not necessarily the core training related 
to the increase in performance of the prime movers 
(such as the rectus abdominis). Instead, contempo-
rary focus regarding training for the core relates to 
the specific instruction in activities that provide sta-
bility offered by the local musculature (such as 
transversus abdominis and multifidus) and pelvic/
hip stabilizers. Trunk dominance is difficult to mea-
sure in real time, especially during dynamic function. 
Many of the training techniques described within 
this commentary are testing procedures at the same 
time. The swiss ball exercise described previously (see 
Figure 4) can be used as a measure of an athlete’s abil-
ity to control their core, by assessing the stability of 

Figure 5. Example of three components of dynamic neuromuscular training: plyometrics, single limb balance, and perturba-
tions. Note: Single limb balance and perturbations are especially helpful in decreasing leg dominance.
Figure reproduced from: Hewett TE, et al. Anterior cruciate ligament injuries in female athletes:Part 1, mechanisms and risk factors. Am J 
Sports Med. 2006;34(2):299-311. Used with permission, Sage Publications.
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they had about three times greater risk of a second 
ACL injury.21

THE APPROACH FOR PREVENTION: 
ADDRESSING THE PROBLEM
Picture the female athlete landing during sport perfor-
mance; the knee is relatively straight and collapsing 
into valgus. Most, if not all of the weight is on a single 
foot, and the trunk is tilted to one side. These four 
neuromuscular imbalances comprise the formula for 
an ACL tear. The contributory factors for each are well 
described, and are affected either directly or indirectly 
by the position of the trunk. Each of these neuromus-
cular imbalances contributing to the mechanism of 
injury can be affected by targeted training. The athlete 

maintaining upright posture and neutral pelvic posi-
tion both the sagittal and frontal planes is essential. 

Finally, those athletes that went on to sustain a sec-
ond ACL injury had increased frontal plane excur-
sion of the trunk and knee, and decreased flexion 
through the knee and hip during sport competition.21 
Trunk deviations seem to be closely related to lower 
quarter deviations as previously described in the 
discussion about the COM and base of support rela-
tionship to valgus positioning of the lower extrem-
ity. If athletes allow significant medial collapse at 
the knees they had approximately a four and a half 
fold greater risk of injury. If athletes showed asym-
metry during landing, one side versus the other, 

Figure 6. Closed-kinetic chain hip internal and external rotation using elastic resistance. Elastic resistance is secured lateral to 
the pelvis at the level of the hip/pelvis, and is wrapped around the pelvis in order to exert a pull opposite the desired rotation. The 
athlete assumes single limb stance on the leg to be trained. The contralateral limb is fl exed at the hip and knee. The athlete con-
tracts the external rotators of the hip, thereby moving the pelvis on the femur, in this case into a relatively externally rotated posi-
tion. (Figure 6A) Eccentric control by the hip external rotators is required to return to neutral position and beyond into an 
internally rotated position. (Figure 6B) Close attention must be paid to the position of the pelvis, to not allow alterations in the 
frontal (Trendelenburg) or sagittal plane (anterior or posterior tilt).
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sport participation subsequent to an ACL reconstruc-
tion and the associated rehabilitation. The neuromus-
cular control deficits demonstrated by many female 
athletes may have been present prior to the initial 
ACL rupture. Such deficits may worsen after the ACL 
is ruptured, because the mechanoreceptors that com-
prise a significant percentage of the ACL are damaged 
and no longer functional. Hence, physical therapists 
must address neuromuscular deficits specifically and 
have a strong focus on preventative type training in 
order to help the athletes compensate for the loss pro-
prioceptive sensors of 3-D kinematics and kinetics in 
the knee. Prevention of subsequent re-injury to the 
ACL demands careful attention to building the opti-
mal neuromuscular strategies for control of the body 
during all functional tasks. 

DEVELOPMENT AND APPLICATION OF ACL 
INJURY RISK SCREENING TEST - FROM 
THE LABORATORY TO THE FIELD

Development of Screening Test
A scientifically based approach is recommended for 
the development of any strategy designed to prevent 
sports injuries.34 The authors have incorporated the 
sequence of a prevention model34 to systematically 
organize specific scientifically based principles that 
can be used to effectively develop injury prevention 
programs. The initial steps involve understanding 
and establishing the extent of the problem based on 
injury incidence and severity. As detailed earlier, 
ACL injuries are a significant and extensive problem 
in female athletes. 

The next step in the sequence of injury prevention 
is to establish the injury mechanism and etiology. 
The relative importance of each risk factor is diffi-
cult to evaluate for each individual athlete. However, 
a detailed description of the inciting event (injury 
mechanism) is suggested in order to identify the 
appropriate methods for injury prevention and to 
allow for the description of the theoretical potential 
intrinsic and extrinsic risk factors.34 The literature 
is full of information about injury mechanism in 
females: most ACL injuries occur in a non-contact 
episode during sport performance, typically during 
deceleration, lateral pivoting, or landing tasks that 
are associated with high external knee joint loads.35-36 
Video analysis techniques have confirmed that most 

must be taught the following concepts for correct 
neuromuscular control during motor tasks: the trunk 
should not swing side to side during motion; the knee 
should not collapse medially; the posterior chain 
musculature must be turned on so that her knee is in 
a position of controlled flexion and she uses the cor-
rect muscles to absorb forces; and she must use her 
lower extremities equally. 

Many studies and several meta-analyses of the litera-
ture have shown that the prevention programs that 
incorporate the above stated concepts and directly 
address the four critical neuromuscular imbalances 
that directly relate to injury mechanism, reduce 
injury risk between 30 and 80 percent.18, 26 If a girl or 
woman is five times more likely than a boy or man to 
rupture her ACL, an intervention that can gradually 
decrease risk from five times down to one reduces 
the risk by 80 percent, creating an equal injury rate 
between males and females. Some of the current 
popular intervention or prevention programs have 
been shown to be able to drop the risk experienced 
by females down to male levels.33 On average, inter-
ventions can drop risk by about 50 percent (risk is 
cut approximately in half) which is a huge effect on 
relative risk provided by neuromuscular training.6

The authors have shown that the effects of specific 
interventions on the four neuromuscular imbalances 
are great. As an example, when first examining the 
effects of knee abduction torque (which forces the 
knee into the valgus position) on the knee, subjects 
showed a 50 percent reduction in torque at the knee 
after participation in a neuromuscular and strength-
ening program.5 Subsequently, in a follow up clinical 
study, the authors showed a 50 and 60 percent drop in 
relative risk after participation in a neuromuscular 
training program.6 Thus, knee torques that push the 
knees inwards, are directly related to relative risk. 

Second ACL injury is a major problem. The risk in the 
general population, and especially in the young 
female population, of first time tear of the ACL is 
somewhere between 1 in 50 and 1 in 100.26 After young 
female athletes tear their ACL and undergo recon-
struction, their risk of rupturing their ACL again is 
near 1 in 4.21 Hence, therapists should be aware of, 
screen for, and attempt to correct all identifiable neu-
romuscular deficits prior to returning an athlete to 
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landing maneuvers with three-dimensional motion 
analysis techniques.9-10, 41-64 The majority of the studies 
found an increased knee abduction (valgus) motion or 
moment in females compared to males. In a recent lon-
gitudinal study, Ford et al.19 identified that during a land-
ing task pubertal females have an increased change in 
knee abduction motion within a year of rapid adoles-
cent growth. In addition, important reported risk factors 
of knee abduction motion and torque were significantly 
greater over consecutive years in young post-pubertal 
female athletes as compared to males.19 If pre-season 
testing methods could identify an athlete who is at 
higher risk for an ACL injury, coaches may more likely 
institute and remain committed to injury prevention 
programs for those athletes. 

Application of Clinic Based Screening Test
The presence of altered movement patterns may be 
responsible for the increased rates of knee injury in 
females, but is not typically measured in athletes 
prior to participation. Standard pre-participation phys-
icals assess static measures of joint stability. Few, if any, 
dynamic measures are assessed during these exams 
and plans for movement training interventions are 
rarely implemented. No method for the accurate and 
practical screening and identification of athletes at 
increased risk of ACL injury is currently available. 
The assessment of potential injury risks prior to 
sports participation followed by targeted intervention 
aimed at correcting measured neuromuscular imbal-
ances may decrease the relative injury incidence in 
athletes.65 Preparticipation screening of athletes may 
be used to identify those athletes prone to knee injury 
and who would benefit from a training intervention 
to enhance strength, proprioception, and neuromus-
cular stabilization about the knee joint. Simple meth-
ods to determine which athletes are at increased risk 
of injury, which are readily available to coaches, ath-
letic trainers, physical therapists, and athletes, might 
allow for large scale screening for injury-prone ath-
letes and clearly identify those athletes who need 
preparticipation training. With the ever-increasing 
popularity of sports like soccer, volleyball, basketball, 
and softball, and the rapidly growing number of par-
ticipants, higher numbers of injuries could be avoided 
in the future.

Laboratory based screening tools demonstrate that 
altered neuromuscular strategies or decreased 

non-contact ACL injuries occur during a sharp decelera-
tion or landing maneuver with the knee close to exten-
sion at initial ground contact.36 Olsen et al. performed a 
videographic examination of ACL injury mechanisms in 
team handball.35 They found that the ACL injury mech-
anism in women was a forceful valgus collapse with the 
knee close to full extension combined with tibial rota-
tion, validating the contribution of both ligament and 
quadriceps dominance dysfunctions.

Risk factors for most sports injuries are classified into 
internal (intrinsic) and external (extrinsic) to the ath-
lete. Risk factors such as age, maturation, and neuro-
muscular performance may predispose the athlete to 
injury. The potentially modifiable intrinsic variables 
of interest in the authors screening program are those 
that are neuromuscular/biomechanical. Specifically, 
the authors believe in targeting altered movement pat-
terns that may increase ACL injury risk. Altered 
movement patterns can be described by the specific 
plane which the majority of the deficit occurs. For 
example, the sex-based disparity observed in ACL 
injury rates may be strongly influenced by differ-
ences in the frontal plane joint motions and moments. 
The link between frontal plane knee loading and 
resultant increases in ACL strain is demonstrated by 
cadaveric, in vivo and computer modeling experi-
ments.37-40 Physiologic dynamic valgus torques on the 
knee can increase anterior tibial translation and load 
on the ACL several-fold39, also validating the concepts 
of ligament and quadriceps dominance. 

Application of Laboratory Based 
Screening Test
A prospective combined biomechanical-epidemio-
logic study showed that knee abduction moments 
(valgus torques) and angles were significant predic-
tors of future ACL injury risk. Knee abduction 
moments predicted ACL injury risk with 73% sensi-
tivity and 78% specificity.20 Knee abduction angles 
(valgus angulation at the knee) were 8 degrees greater 
in the ACL-injured group than those in the unin-
jured groups. It is therefore likely that increases in 
knee abduction moment and motion in the injured 
group were significant risk factors that predisposed 
each athlete to an ACL injury. 

Sex differences in knee abduction motion and moment 
have been investigated in numerous studies during 
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potential to target large numbers of high injury risk 
athletes with the appropriate intervention strategies. 

In order to achieve the objective of reducing non-
contact injury risk in female athletes, identification 
of those who preferentially demonstrate high knee 
abduction moment landing mechanics appears 
salient. Therefore, a field-based assessment algo-
rithm was systematically developed to improve the 
potential to identify and target injury prevention 
training to female athletes with increased knee 
abduction moment.24-25, 70 The validated field-based 
assessment algorithm delineated five biomechanical 
factors that could be captured in clinic and filed set-
tings which, when combined, identify high knee 
abduction moment during landing with high accu-
racy.24-25, 70 (Figure 7) This clinic-based assessment 
tool can be administered in a clinic or field testing 
environment. It has been validated by the highly 
accurate laboratory-based assessment and facilitates 
screening for ACL injury risk on a more widespread 
basis. However, it does not as readily allow for real-
time feedback from clinicians to utilize during neu-
romuscular training to correct deficits.

APPLICATION OF A FIELD-BASED 
FUNCTIONAL ASSESSMENT TOOL 
While the above mentioned clinic-based assessment 
tool is valuable to identify athletes who should be 

 neuromuscular control during the execution of 
sports movements, as evidenced by abnormal lower 
limb joint mechanics (motions and loads), may 
underlie the increased risk of ACL injury in female 
athletes.4, 9-10, 20, 66-67 Prospective measures of external 
knee abduction moment during landing predict non-
contact ACL injury risk in young female athletes.20 

Calculation of knee injury risk factors such as knee 
abduction moment through inverse dynamics requires 
complex laboratory-based three-dimensional kine-
matic and kinetic measurement techniques. Myer et al 
have described isolated biomechanical measures 
that contribute to nearly 80% of the measured vari-
ance in knee abduction moment during landing.16 

These biomechanical predictors of knee abduction 
moment, which include increased knee abduction 
angle, increased relative quadriceps recruitment and 
decreased knee flexion range of motion (ROM), con-
comitant with the increased tibial length and body 
mass (normalized to body height) that accompanies 
growth, are measurements that have all been related 
to increased risk of ACL injury in previous prospective 
and retrospective epidemiological reports.20, 36, 68-69 Unfor-
tunately, expensive biomechanical laboratories, with 
the costly and labor intensive measurement tools used 
to test individual athletes, are required to acquire these 
measurements. This restricts the potential to perform 
athlete risk assessments on a large scale, limiting the 

Figure 7. Injury Prediction Nomogram. 
Figure reproduced from: Myer GD, et al. Clinical correlates to laboratory measures for use in non-contact anterior cruciate ligament injury risk 
prediction algorithm. Clin Biomech (Bristol, Avon). 2010;25(7):693-699. Used with permission, Clinical Biomechanics.
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TARGETING NEUROMUSCULAR DEFICITS 
RELATED TO ACL INJURY WITH THE TUCK 
JUMP ASSESSMENT
For organizational ease, the criteria assessed during 
the tuck jump tool can be grouped into the neuro-
muscular risk factor categories described in this clini-
cal commentary. (Figure 8) The tuck jump assessment 
tool can be utilized to improve techniques (thus 
decreasing risk) during an exercise that requires a 
high effort level from the athlete. As suggested ear-
lier, an athlete may place most of his or her cognitive 
efforts solely on the performance of this difficult 

targeted with neuromuscular training, it was imper-
ative to develop an additional “clinician friendly” 
field-based, functional performance landing and 
technique assessment to identify and then target 
high risk ACL injury mechanisms. For this reason 
the tuck jump assessment tool was developed to aid 
clinician decision making during training sessions.71 
The tuck jump is also well suited as a training tool to 
improve neuromuscular technique because it incor-
porates limb symmetry, trunk control, recruitment 
of the posterior chain musculature, and sagittal 
plane control of the limbs.

REAL TIME FIELD ASSESSMENT AND 
TRAINING TOOL
The tuck jump exercise may be useful to the clini-
cian for the identification of lower extremity tech-
nical flaws during a plyometric activity.72 The tuck 
jump (Figures 1 and 3) requires a high-level effort 
from the athlete. Initially, the athlete may place 
most of his or her cognitive efforts solely on the 
performance of this difficult jumping task. The 
 clinician may readily identify potential deficits 
especially during the first few repetitions. In addi-
tion, the tuck jump exercise may be used to assess 
and track improvement in lower extremity biome-
chanics as the athlete progresses through their 
training.71-72 

Appendix 1 provides the “clinician friendly” landing 
technique assessment tool clinicians may use to 
monitor an athlete’s performance of the tuck jump 
before, during, and after training. Specifically, the 
athlete performs repeated tuck jumps for 10 sec-
onds, which allows the clinician to visually grade the 
outlined criteria. To further improve accuracy of the 
assessment, a standard 2D camera in the frontal and 
sagittal planes may be utilized to assist the clinician. 
The athlete’s techniques are subjectively rated as 
either having an apparent deficit (checked) or not. 
The deficits are then tallied for the final assessment 
score. Indicators of flawed techniques should be 
noted for each athlete and should be the focus of 
feedback during subsequent training sessions. The 
athlete’s baseline performance can be compared to 
repeated assessments performed at the midpoint 
and conclusion of training protocols, to objectively 
track improvement with jumping and landing 
technique.

Figure 8. Tuck jump Criteria grouped into Dominance cat-
egories. Figure reproduced from “Myer, G. D., J. L. Brent, et al. 
(2010). ”Real-time assessment and feedback techniques for use 
in neuromuscular training aimed to prevent ACL injury.” 
Strength and Conditioning Journal In Press.” With permis-
sion from the editor.
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court or field in athletic female populations.5-6, 74-75 
Neuromuscular training facilitates neuromuscular 
adaptations that teach athletes to utilize joint stabi-
lization patterns that employ safer muscular pre- 
and mid stance activation patterns (Figure 5). This 
training allows female athletes to adopt muscular 
recruitment strategies that decrease joint motion 
and protect the ACL from high, potentially injurious 
impulse loads sustained during athletic perfor-
mance.74, 76-77 However, more clear identification of 
the modifiable mechanisms would increase the 
potential for both screening for high risk athletes 
and targeting interventions to address the specific 
mechanisms that increase ACL injury risk in female 
athletes.

Increased dynamic valgus position and abduction 
loads in the lower extremity successfully predict 
increased risk of ACL injury in female athletes. 
These loads are often driven by dysfunction of the 
core or trunk, as well as loss of symmetry between 
limbs. The tuck jump assessment has been pre-
sented as one field-based method to assess risk for 
ACL injury by assessing the four neuromuscular 
imbalances during a functional task. The authors are 
currently developing additional field-based assess-
ments using 2-D camcorder-based methods to 
develop simple yet objective measures to monitor 
multiple facets of neuromuscular control in female 
athletes. Using coupled biomechanical-epidemiolog-
ical approaches, high-risk female athletes can be 
identified and be directed to engage in effective, tar-
geted interventions to prevent ACL injury.
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to increase active knee stabilization in the laboratory 
and decrease the incidence of ACL injury, on the 
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Appendix 1. The Tuck Jump Assessment, criteria 1-6 are pictured below. Score any deviations from correct performance 
before, during, and after the performance of several tuck jumps over 10 seconds. More checked boxes indicates poorer tech-
nique, and also suggests the areas upon which the athlete should concentrate during training.

Figure reproduced from: Myer GD, et al. Tuck jump assessment for reducing anterior cruciate ligament injury risk. Athletic Therapy Today. 
2008;13(5):39-44. Used with permission, Athletic Therapy Today. 
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ABSTRACT

A number of sporting and daily activities involve rotation of the spine. The ability to quantify motion of the 
spine in a clinical setting usually relies on the use of a device to measure angles (goniometer or inclinom-
eter) or visual assessment. Standardized measurement criteria exist for measuring rotation at the cervical 
and lumbar spine. Little has been written regarding established methods for measuring thoracic spine rota-
tion. Thoracic rotation may be measured in a seated position, half-kneeling position, or quadruped posi-
tion. Steps should be taken to minimize motion of surrounding segments such as the shoulder and hips, 
which may improve measurement accuracy. Key words: inclinometer, goniometer, range of motion
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INTRODUCTION
Adequate spine rotation is essential for sporting tasks 
such as golf, throwing sports, tennis, and rowing. 
Although movement of the vertebrae may be more 
accurately measured using diagnostic imaging, it is not 
a plausible clinical method due to cost and potential 
radiation exposure. A variety of methods have been 
proposed to measure rotation of the spine,1-8 but there 
is no consensus regarding a clinical gold standard of 
spinal motion measurements. Clinical measurements 
of spine motion may be quantified with a goniometer, 
inclinometer, or visual assessment. Clinically relevant 
measurement methods for cervical spine2 and lumbar 
spine rotation7 have been established and have been 
shown to have good reliability. Little has been written 
on standardized assessment of thoracic spine rotation.

In this clinical commentary, we describe five sug-
gested methods of measuring thoracic rotation. Each 
of the methods attempts to limit or restrain move-
ment from adjacent joints such as the lumbar spine 
and hips. Variations of these methods have been 
briefly described in previous literature3-6, 9, 10 but no 
manuscript has focused on standardized measurement 
criteria. Since these methods may be used in athletic 

performance and rehabilitation settings, standard-
ized criteria for testing should be established. The 
use of standardized criteria should allow future inves-
tigation into the reliability of these techniques.

METHODS

Seated Rotation Technique
The individual is in a seated position with their hips 
and knees flexed to 90° and their trunk in an upright 
neutral posture (not flexed, extended, side bent, or 
rotated) (Figure 1a). A small ball (volleyball, soccer 
ball) is placed between the knees and the individual 
is asked to maintain slight pressure on the ball by 
adducting the hips. The ball is used in an attempt to 
reduce the contribution of the lower body on spine 
rotation. A PVC dowel may be placed across the 
chest with the arms crossed over the bar (Figure 1a). 
Alternatively, PVC dowel may be placed across the 
back (Figure 1b), at approximately the inferior bor-
der of the scapulae. The individual is asked to place 
the palmar aspect of their hands on their stomach 
(interlocking fingers is not necessary). The bar in 
back position is thought to reduce the contribution 
from the shoulder joints on spine rotation.

Figure 1. Seated rotation technique. Hips and knees are at 90°, trunk is upright and neutral, and lower body motion is reduced 
with a ball held between the knees. a) bar in front position requires the individual to cross their arms across their chest b) bar 
behind the back position requires the individual to place the palmar aspect of their hands on their stomach, fi ngers do not need to 
interlock. 
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during rotation (Figure 2). The stationary arm is 
pointed away from the side of rotation and remains 
in line with the starting position. The individual is 
instructed to maximally rotate to one side while the 
clinician follows this motion with the moving arm of 
the goniometer. Once the individual reaches end 
range of motion, the angle of the goniometer is noted.

Half-Kneeling Rotation Technique
The half-kneeling rotation technique utilizes a lunge 
position, with one foot on the ground and the contra-
lateral knee and toe in contact with the ground (Fig-
ure 3a). This position is also thought to limit the 
contribution of the lumbar spine and hips, but per-
haps not to the same degree as the seated rotation 
position with bilateral hip flexion. Additionally this 
position requires a component of lower extremity 
stability to remain upright. The neutral position of 
the trunk is the same as the seated rotation tech-
nique. PVC dowel position, goniometer alignment, 
and measurement technique are identical to the 
seated rotation test. The individual is asked to rotate 
toward the forward leg (i.e. right leg forward, rota-
tion to the right) (Figure 3b). Once the individual 
reaches end range of motion, the angle of the goni-
ometer is noted.

Regardless of bar position (bar front or back), a goni-
ometer is aligned parallel to the ground, at the mid-
point between the T1-T2 spinous processes, while 
using the spine of the scapula as a reference point 

Figure 2. Goniometer alignment. Goniometer is aligned parallel 
to the ground, between the T1-T2 spinous processes, using the 
spine of the scapula as a reference point. This fi gure depicts left 
rotation. The stationary arm is pointed away from the side of 
rotation (to the right) and remains in line with the starting posi-
tion. The moving arm follows the spine of the scapula. 

Figure 3. Half-kneeling technique. a) Trunk is upright and neutral and the forward (right) foot is in line with the knee. b) The 
individual is asked to rotate toward the forward leg (right leg forward, rotation to the right).
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Lumbar-Locked Rotation Technique
The individual is in a hands and knees position, sit-
ting on heels, while maintaining upper extremity 
support with the elbows and forearms (Figure 4a). 
This position is similar to the “prayer position” used 
in the performance of yoga. Flexion of the hips and 
lumbar spine is thought to reduce the contribution 
of the hip, pelvis, and lumbar spine motion during 
thoracic rotation. An inclinometer (bubble or digi-
tal) is positioned between the scapular spines at 
the T1-T2 level. The individual is instructed to 
place one hand on the posterior aspect of their 
neck and rotate the thoracic spine to that side while 
maintaining the kneeling position (Figure 4b). 
Once the individual reaches end range, the angle of 
the inclinometer is recorded. 

Common Substitution Patterns
Attempts should be made in all positions to mini-
mize motion of surrounding joints. In the seated 
rotation testing position individuals may attempt to 
increase available motion by hiking one hip, not 
maintaining equal weight bearing on the ischial 
tuberosities, side bending at the lumbar spine, or 
internally rotating the opposite hip. This may be 
recognized by movement of the ball placed between 
the legs, shifting of the hips, or feet that do not 
remain flat on the ground. In the half-kneeling posi-
tion the individual may adduct the hip of the for-
ward leg or attempt to side bend at the lumbar spine 
to gain additional motion. Side bending of the spine 
may be recognized if the PVC dowel does not remain 
parallel to the ground. For both seated rotation and 
half-kneeling positions, the bar in back is thought to 
minimize the contribution of the shoulder joints. 
During the bar in front position shoulder protraction 
and retraction may contribute to the increased rota-
tion motion relative to the bar in back position. Com-
mon substitution patterns during the lumbar-locked 
position include extension of the trunk, lateral shift 
of the hips, and shoulder horizontal abduction. This 
may be recognized if the elbow or forearm does not 
maintain contact with the ground, a noticeable 
weight shift occurs at the hips, or if the elbow does 
not maintain an in line orientation with the spine of 
the scapula and clavicle.

Figure 4. Lumbar-locked rotation technique. a) Shoulders 
and elbows are at 90° while the individual sits back on heels 
as far as possible. b) Individual places one hand behind head 
(left), while opposite (right) forearm remains in contact with 
the ground. Individual is instructed to rotate (left rotation) as 
far as possible with the head remaining forward relative to 
the torso.
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CONCLUSION
For all rotation measurements it is important to 
monitor compensatory motions. The use of a PVC 
dowel behind the back as well as the use of a ball in 
the seated position are both thought to minimize the 
contribution of the shoulders and hips on thoracic 
rotation motion. Understanding and being able to 
identify common compensatory strategies utilized 
to gain additional motion is also important. Most 
individuals will compensate by not maintaining 
equal weight distribution through the lower extrem-
ity. Minimizing motion of surrounding regions may 
improve measurement accuracy. It should be noted 
that the reliability for these techniques has not been 
established. Without reliable measurement tech-
niques, little confidence exists in the results of mea-
surements and intervention effectiveness cannot be 
evaluated. Future research should determine if 
these clinical techniques are reliable and determine 
the measurement error associated with each tech-
nique. These techniques do provide clinicians and 
researchers with specific measurement criteria for 
clinically relevant techniques which can be used 
with little equipment and training.
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ABSTRACT

A number of sporting and daily activities involve rotation of the spine. The ability to quantify motion of the 
spine in a clinical setting usually relies on the use of a device to measure angles (goniometer or inclinom-
eter) or visual assessment. Standardized measurement criteria exist for measuring rotation at the cervical 
and lumbar spine. Little has been written regarding established methods for measuring thoracic spine rota-
tion. Thoracic rotation may be measured in a seated position, half-kneeling position, or quadruped posi-
tion. Steps should be taken to minimize motion of surrounding segments such as the shoulder and hips, 
which may improve measurement accuracy. Key words: inclinometer, goniometer, range of motion
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INTRODUCTION
Adequate spine rotation is essential for sporting tasks 
such as golf, throwing sports, tennis, and rowing. 
Although movement of the vertebrae may be more 
accurately measured using diagnostic imaging, it is not 
a plausible clinical method due to cost and potential 
radiation exposure. A variety of methods have been 
proposed to measure rotation of the spine,1-8 but there 
is no consensus regarding a clinical gold standard of 
spinal motion measurements. Clinical measurements 
of spine motion may be quantified with a goniometer, 
inclinometer, or visual assessment. Clinically relevant 
measurement methods for cervical spine2 and lumbar 
spine rotation7 have been established and have been 
shown to have good reliability. Little has been written 
on standardized assessment of thoracic spine rotation.

In this clinical commentary, we describe five sug-
gested methods of measuring thoracic rotation. Each 
of the methods attempts to limit or restrain move-
ment from adjacent joints such as the lumbar spine 
and hips. Variations of these methods have been 
briefly described in previous literature3-6, 9, 10 but no 
manuscript has focused on standardized measurement 
criteria. Since these methods may be used in athletic 

performance and rehabilitation settings, standard-
ized criteria for testing should be established. The 
use of standardized criteria should allow future inves-
tigation into the reliability of these techniques.

METHODS

Seated Rotation Technique
The individual is in a seated position with their hips 
and knees flexed to 90° and their trunk in an upright 
neutral posture (not flexed, extended, side bent, or 
rotated) (Figure 1a). A small ball (volleyball, soccer 
ball) is placed between the knees and the individual 
is asked to maintain slight pressure on the ball by 
adducting the hips. The ball is used in an attempt to 
reduce the contribution of the lower body on spine 
rotation. A PVC dowel may be placed across the 
chest with the arms crossed over the bar (Figure 1a). 
Alternatively, PVC dowel may be placed across the 
back (Figure 1b), at approximately the inferior bor-
der of the scapulae. The individual is asked to place 
the palmar aspect of their hands on their stomach 
(interlocking fingers is not necessary). The bar in 
back position is thought to reduce the contribution 
from the shoulder joints on spine rotation.

Figure 1. Seated rotation technique. Hips and knees are at 90°, trunk is upright and neutral, and lower body motion is reduced 
with a ball held between the knees. a) bar in front position requires the individual to cross their arms across their chest b) bar 
behind the back position requires the individual to place the palmar aspect of their hands on their stomach, fi ngers do not need to 
interlock. 
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during rotation (Figure 2). The stationary arm is 
pointed away from the side of rotation and remains 
in line with the starting position. The individual is 
instructed to maximally rotate to one side while the 
clinician follows this motion with the moving arm of 
the goniometer. Once the individual reaches end 
range of motion, the angle of the goniometer is noted.

Half-Kneeling Rotation Technique
The half-kneeling rotation technique utilizes a lunge 
position, with one foot on the ground and the contra-
lateral knee and toe in contact with the ground (Fig-
ure 3a). This position is also thought to limit the 
contribution of the lumbar spine and hips, but per-
haps not to the same degree as the seated rotation 
position with bilateral hip flexion. Additionally this 
position requires a component of lower extremity 
stability to remain upright. The neutral position of 
the trunk is the same as the seated rotation tech-
nique. PVC dowel position, goniometer alignment, 
and measurement technique are identical to the 
seated rotation test. The individual is asked to rotate 
toward the forward leg (i.e. right leg forward, rota-
tion to the right) (Figure 3b). Once the individual 
reaches end range of motion, the angle of the goni-
ometer is noted.

Regardless of bar position (bar front or back), a goni-
ometer is aligned parallel to the ground, at the mid-
point between the T1-T2 spinous processes, while 
using the spine of the scapula as a reference point 

Figure 2. Goniometer alignment. Goniometer is aligned parallel 
to the ground, between the T1-T2 spinous processes, using the 
spine of the scapula as a reference point. This fi gure depicts left 
rotation. The stationary arm is pointed away from the side of 
rotation (to the right) and remains in line with the starting posi-
tion. The moving arm follows the spine of the scapula. 

Figure 3. Half-kneeling technique. a) Trunk is upright and neutral and the forward (right) foot is in line with the knee. b) The 
individual is asked to rotate toward the forward leg (right leg forward, rotation to the right).
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Lumbar-Locked Rotation Technique
The individual is in a hands and knees position, sit-
ting on heels, while maintaining upper extremity 
support with the elbows and forearms (Figure 4a). 
This position is similar to the “prayer position” used 
in the performance of yoga. Flexion of the hips and 
lumbar spine is thought to reduce the contribution 
of the hip, pelvis, and lumbar spine motion during 
thoracic rotation. An inclinometer (bubble or digi-
tal) is positioned between the scapular spines at 
the T1-T2 level. The individual is instructed to 
place one hand on the posterior aspect of their 
neck and rotate the thoracic spine to that side while 
maintaining the kneeling position (Figure 4b). 
Once the individual reaches end range, the angle of 
the inclinometer is recorded. 

Common Substitution Patterns
Attempts should be made in all positions to mini-
mize motion of surrounding joints. In the seated 
rotation testing position individuals may attempt to 
increase available motion by hiking one hip, not 
maintaining equal weight bearing on the ischial 
tuberosities, side bending at the lumbar spine, or 
internally rotating the opposite hip. This may be 
recognized by movement of the ball placed between 
the legs, shifting of the hips, or feet that do not 
remain flat on the ground. In the half-kneeling posi-
tion the individual may adduct the hip of the for-
ward leg or attempt to side bend at the lumbar spine 
to gain additional motion. Side bending of the spine 
may be recognized if the PVC dowel does not remain 
parallel to the ground. For both seated rotation and 
half-kneeling positions, the bar in back is thought to 
minimize the contribution of the shoulder joints. 
During the bar in front position shoulder protraction 
and retraction may contribute to the increased rota-
tion motion relative to the bar in back position. Com-
mon substitution patterns during the lumbar-locked 
position include extension of the trunk, lateral shift 
of the hips, and shoulder horizontal abduction. This 
may be recognized if the elbow or forearm does not 
maintain contact with the ground, a noticeable 
weight shift occurs at the hips, or if the elbow does 
not maintain an in line orientation with the spine of 
the scapula and clavicle.

Figure 4. Lumbar-locked rotation technique. a) Shoulders 
and elbows are at 90° while the individual sits back on heels 
as far as possible. b) Individual places one hand behind head 
(left), while opposite (right) forearm remains in contact with 
the ground. Individual is instructed to rotate (left rotation) as 
far as possible with the head remaining forward relative to 
the torso.
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CONCLUSION
For all rotation measurements it is important to 
monitor compensatory motions. The use of a PVC 
dowel behind the back as well as the use of a ball in 
the seated position are both thought to minimize the 
contribution of the shoulders and hips on thoracic 
rotation motion. Understanding and being able to 
identify common compensatory strategies utilized 
to gain additional motion is also important. Most 
individuals will compensate by not maintaining 
equal weight distribution through the lower extrem-
ity. Minimizing motion of surrounding regions may 
improve measurement accuracy. It should be noted 
that the reliability for these techniques has not been 
established. Without reliable measurement tech-
niques, little confidence exists in the results of mea-
surements and intervention effectiveness cannot be 
evaluated. Future research should determine if 
these clinical techniques are reliable and determine 
the measurement error associated with each tech-
nique. These techniques do provide clinicians and 
researchers with specific measurement criteria for 
clinically relevant techniques which can be used 
with little equipment and training.
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ABSTRACT

 The primary goal of a sports rehabilitation program is to return the injured athlete back to competition as 
quickly and as safely as possible. Sports physical therapists utilize a variety of exercise equipment to help 
an athlete restore function after an injury. An injured athlete’s therapeutic exercise program frequently 
includes the prescription of functional strengthening and power exercises during the later stages of reha-
bilitation. One piece of exercise equipment, the kettlebell, has gained popularity for its ability to allow the 
user to perform functional power exercises. The unique exercises that can be performed with kettlebells 
may have utility in sports physical therapy practice. This clinical suggestion outlines the clinical rationale 
for the inclusion of kettlebell exercises when rehabilitating an athlete with a lower extremity injury.

Key Words:  inertia, kettlebells, power training, therapeutic exercise
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power training. Power is defined as time related to 
the performance of work (P � W/t). Work is defined 
as force generated over a distance (W � F � d). In 
other words if an athlete is powerful, he/she has the 
ability to move against resistance quickly and explo-
sively. The ability to generate power is necessary in 
most sports. Athletes who play football, rugby, or 
wrestle require power to succeed during periods of 
player contact (e.g. play from the line of scrimmage, 
during a tackle, or when attempting to perform a take 
down). Athletes who participate in non-contact sports 
may also benefit from power training. For example, a 
golfer who must complete the swing of a club in a 
relatively short total swing time (accelerating the club 
through the arc of motion) may be able to drive the 
ball further than a competitor who is not able to swing 
the club as quickly.4 The KB may be used with a wide 
variety of traditional exercises; however, its unique 
shape allows individuals to develop power by per-
forming the swinging exercises. Table 2 offers several 
examples of KB exercises, which will be discussed fur-
ther throughout this clinical suggestion. 

For an athlete to develop power he/she must gener-
ate a force greater than that of inertia provided by an 
object at rest.5-8 If the force applied to an object (e.g. 
resting KB) is not greater than that of inertia, no 
movement will occur. Unlike traditional dumbbells, 
the kettlebell handle allows the athlete to swing the 
weight through a curvilinear arc of motion. 

To initiate the swinging motion, the athlete must 
concentrically contract muscles to accelerate the KB 

INTRODUCTION
The primary goal of a sports rehabilitation program 
is to return the injured athlete back to competition 
as quickly and as safely as possible. One component 
of an athlete’s comprehensive therapy program is 
the prescription of therapeutic exercises designed to 
restore and/or increase range of motion (ROM), 
strength, and power. Sports medicine professionals 
utilize a variety of exercise equipment when reha-
bilitating athletes with lower extremity injuries. Tra-
ditional resistance training tools (e.g. elastic bands, 
dumbbells, machines, etc) are often prescribed for 
use during exercise by physical therapists and other 
sports rehabilitation professionals to enable patients 
to begin strength training as early and as safely as 
possible after an injury. 

Table 1 presents common types of exercise equip-
ment that are utilized during each stage of rehabilita-
tion. For example, an athlete recovering from knee 
surgery may be able to perform a leg press on a Total 
Gym™ or on a Shuttle™ (repetitions are performed at 
a percentage of total body weight) prior to performing 
the leg press on a traditional isotonic resistance 
machine. During the course of an athlete’s recovery, 
exercises that reproduce functional (or sport-specific) 
movement patterns should be prescribed. Including 
kettlebell (KB) specific exercises during later stages of 
rehabilitation may provide an appropriate training 
stimulus that would help prepare the athlete for the 
physiological requirements of sport. 

Kettlebells
A KB is a cast-iron weight shaped like a ball with a han-
dle (Figure 1). KBs are commercially available in weights 
ranging from 3-pounds to 100-pounds (or more). 

The use of KBs has been traced back to Russia in the 
early 1700s where their purpose was “as a counter-
weight for market produce scales”.1-3 At some point 
in time after their introduction in commerce, indi-
viduals began to lift and swing KBs for exercise.3 
Until recently, training with KBs had been primarily 
performed by Russian athletes and military person-
nel.2,3 However, during the past several years the KB 
has emerged as a popular piece of training equip-
ment in health and fitness settings.1, 3 

There are many potential clinical uses for the KB: 
strength training, dynamic flexibility exercises, and 

Figure 1. A 20 lb Kettlebell.
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Table 1. Common Exercise Equipment Used during Phases of Rehabilitation. 
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Table 2. Example Kettlebell exercises.
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Table 2. Continued

from the starting position. Near the top of the swing-
ing motion, the athlete must eccentrically deceler-
ate the KB followed by eccentrically controlling the 
descent of the KB back to the starting point. Please 
view Video 1 and Video 2 for examples of correct 
performance of KB swings. Power may be developed 
by explosively swinging the KB for a desired number 
of repetitions. Increasing the weight of the KB will 
increase the inertia thus requiring the athlete to 
generate more force.

There is paucity in the literature regarding the use 
of KBs in rehabilitation or strength training. A review 
of the following databases Medline (from 1950-Sept 
2010) and CINAHL (from 1982-Sept 2010) using the 
Medical Subject Heading “kettlebell” revealed only 1 
citation.1 Much of the information available on the 
use of KBs is strictly anecdotal or opinion based. 

Farrar et al1 assessed the heart rate and VO2max of 
ten men (age 20.8 � 1.1 years) while performing a 
KB exercise routine. The subjects, 9 out of the 10 of 
who were new to KB training, were assessed during 
2 training sessions. During the initial session the 
researchers assessed baseline maximal oxygen con-
sumption during a treadmill test (Bruce protocol) 
and the subjects received instruction on how to per-
form a KB swing exercise.1 During the second ses-
sion, conducted 2 to 7 days after the 1st session, the 
subjects performed the two-arm KB swing for 
12  minutes holding a 16-kg KB.1 The training goal 
was to perform as many repetitions during the 
12-minute period; however, subjects were allowed to 
exercise at their own pace.1 Throughout the 12-min-
ute period, the researchers recorded the subject’s 
expired gases and heart rate. The authors found that 
individuals who performed a 12-minute routine of a 
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CLINICAL REASONING: THE SELECTION 
OF EXERCISE EQUIPMENT
The following section outlines the clinical reasoning 
associated with exercise prescription during the dif-
ferent phases of tissue healing. As previously men-
tioned, the KB may be used to develop power (later 
stages). In addition, the KB may be used during ear-
lier rehabilitative exercises designed to enhance 
muscular endurance capacity and strength in lieu of 
other forms of equipment (e.g. dumbbells, barbells).

Resistance Training in the Acute Phase
The general treatment goals during the first few 
days after an injury are to decrease pain, decrease 
swelling, and maintain and/or increase joint range 
of motion and muscular flexibility. Minimal, if any, 

2-arm swing exercise (with a 16-kg KB) demonstrated 
a significant challenge to their cardiovascular sys-
tem.1 The subjects’ average HR during exercise was 
87% of the HR achieved during the treadmill test.1 
The average VO2max during the kettlebell 
program was 65% of the VO2max achieved during the 
treadmill test.1 The authors suggested that the KB 
training program used in this study could be performed 
to increase VO2max. The authors made no attempt to 
assess the subjects for changes in flexibility, strength, 
or power related to the performance of KB exercise. 

The purpose of this clinical suggestion is to provide 
a rationale for incorporating KB exercises into an 
athlete’s lower extremity rehabilitation program and 
to describe flexibility, strength, and power exercises 
that can be performed using KBs. 

Figure 2. a: Start Position: 1 Hand Kettlebell Swing; b: End 
Position: 1 Hand Kettlebell Swing.

Figure 3. a: Start Position: 2 Handed Kettlebell Swing 
b: End Position: 2 Handed Kettlebell Swing.
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endurance (each set performed for at least 15 repeti-
tions) with low loads progressing to strength training 
parameters (sets of 4-6 repetitions) in the later por-
tion of the stage.11,12 There are several reasons for the 
prescription of high repetition, low load exercises 
during the early portion of the subacute phase. First, 
the athlete’s strength deficits may be addressed by 
prescribing open kinetic chain exercises that target a 
weak muscle(s) in isolation (e.g. a short arc quad 
exercise for a weak quadriceps muscle or a side-lying 
straight leg raise for a weak gluteus medius muscle). 

resistance training is performed during this period. 
Prescribing exercises, other than isometrics, may 
delay healing of the injured region, causing further 
pain and swelling.9,10 

Resistance Training in the Subacute Phase
The general treatment goals during the subacute 
phase are to decrease pain, increase joint range of 
motion and muscular flexibility, and to restore/
increase strength. The selection of a particular exer-
cise should be influenced by the patient’s diagnosis, 
their clinical presentation, the functional demands 
of their sport, and/or post-surgical status. Training 
parameters early in this stage emphasize muscular 

Figure 4. Squat with 1 KB, note proper trunk and spine 
position. Figure 5. Lunge with KB Pass between the legs.

Figure 6. Single-limb Deadlift, note proper trunk and spine 
position.

Figure 7. Double-limb Deadlift, note proper trunk and spine 
position.
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Performing low load exercises may help reduce the 
chance of damaging newly deposited collagen fibers 
or impair the angiogenesis (neovascularization) 
required for supplying blood to the injured region. 
Second, the initial strength gains and neuromuscu-
lar control that are achieved early in the phase will 
help to facilitate the athlete’s ability to perform func-
tional, multi-joint closed kinetic chain exercises 
later in the stage (e.g. squats, lunges). 

A kettlebell may be used, instead of dumbbells or 
barbells, to perform some traditional exercises dur-
ing the subacute phase. For example, the athlete 
may be able to squat or perform a lunge with one or 
two KB’s.

The inclusion of dynamic (or eccentric) flexibility 
exercises may also be initiated during this phase. 
A growing body of evidence suggests that the perfor-
mance of eccentric exercises may help to improve 
muscular flexibility and reduce the risk of injury (or 
re-injury).13-15 The single limb and double-limb dead-
lift exercises, two eccentric exercises that train the 
hamstrings, may be performed with kettlebells dur-
ing this stage. 

Resistance Training in the Chronic Phase
Strength and power training exercises are initiated 
and progressed as tolerated during this phase by 
increasing exercise intensity and specificity during 
sport-specific functional movement patterns. All 
sports require some combination of strength, speed, 
and power.5 Recall that strength is the ability to do 
work (lifting a weight) over a distance (the range 
required to do the lift) whereas power is ability to 
produce work over a short period of time. The power, 
or Olympic, lifts (e.g. cleans, snatch, jerk) are exam-
ples of techniques or movements that help facilitate 
an athlete’s ability to generate force quickly.5,16 An 
athlete’s ability to perform these lifts correctly may 
be affected by post-injury deficits and/or a general 
lack of experience with these types of exercises. Hav-
ing the athlete perform KB swings may allow the ath-
lete the ability to begin to increase power by utilizing 
exercises that incorporate functional acceleration 
and deceleration movements. KB swings may assist 
in the transition from functional strengthening exer-
cises to the traditional power lifts using either KBs or 
traditional equipment such as a bar with weight. 

The Kettlebell Swings
The shape of the KB allows for a unique exercise appli-
cation: the ability to perform swinging movements. By 
grasping the KB handle with one or both hands, an 
individual is able to swing the weight through a large 
arc of motion. Performing a one-hand (Previously 
shown in Figures 2a & 2b; Video 1) or two-hand KB 
swing (Previously shown in Figures 3a & 3b; Video 2) 
may activate important muscles in the lower extremi-
ties, the core, and the upper body. During the concen-
tric portion of the swing (from the squat position to 
the terminal swing/ upright position), the athlete 
must generate a force to overcome inertia in order to 
elevate the KB to the terminal extension position, 
while the musculature of the core offers stabilizing 
contractions. To begin a swinging motion, the athlete 
will squat and grasp a KB handle (overhand grip) with 
one or two hands. The KB should be positioned just 
slightly behind the legs (Figures 2a, 3a). To initiate the 
motion, that athlete should start to stand up while 
pulling the KB forward. Once the KB is at approxi-
mately the height of the knees, the KB is swung 
between the legs followed by immediately reversing 
direction, generating power from the hips and legs 
to swing the KB to approximately shoulder height (Fig-
ures 2b and 3b). The athlete should be taught to main-
tain a neutral spine, bracing the muscles of the torso. 
Prior to the terminal extension (upright position) of 
the swinging motion, the athlete must begin to acti-
vate some muscles eccentrically in order to decelerate 
the motion. The KB’s center of mass creates a long 
lever arm during the swinging motion. When com-
pared to exercises with a shorter lever arm, the mus-
cles that eccentrically decelerate the swinging motion 
may be at a greater mechanical disadvantage and thus 
may require greater force production to complete a 
repetition. At terminal extension, the kettlebell is 
returned to the starting position assisted by gravity, 
controlled by eccentric muscle contractions of the 
extremity and core musculature. 

DISCUSSION/CONCLUSION
There are numerous potential applications of exer-
cises with a KB. Early, simple resistance training 
exercises can be progressed to more demanding, 
functionally complex movements. Brumitt and Dale17 

suggested incorporating exercises using kettlebells 
when rehabilitating injured golfers. For example, 
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performing a vertical swing of the KB diagonally 
across the body (from an initial squat position to a 
fully extended position) mimics a golfer’s backswing. 

There may be many applications for the KB swings. 
Further research is necessary to identify the poten-
tial benefits associated with KB training. Surface or 
fine-wire electromyography studies would help to 
identify muscle activation levels during KB specific 
exercises. Performing pre-test/post-test experimen-
tal design research investigations would help to 
describe changes in power attributable to rehabilita-
tive and conditioning training programs using KBs.
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ABSTRACT

Frozen shoulder syndrome, clinically known as adhesive capsulitis, is a painful and debilitating condition 
affecting up to 5% of the population. Adhesive capsulitis is considered fibrosis of the glenohumeral joint 
capsule with a chronic inflammatory response. Patients experience pain, limited range of motion, and dis-
ability generally lasting anywhere from 1 to 24 months. The purpose of this clinical suggestion is to review 
the pathophysiolgy of adhesive capsulitis and discuss physical therapy interventions which are supported 
by evidence, thereby enhancing evidence-based practice.

Key words: Adhesive capsulitis, physical therapy interventions.
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Frozen shoulder may also be confused with other 
clinical syndromes; therefore, it is important to have 
an accurate differential diagnosis to rule out other 
pathologies. For example, chronic regional pain syn-
drome (CRPS, formerly known as reflex sympathetic 
dystrophy) may cause severe limitations in shoulder 
range of motion similar to those seen with a frozen 
shoulder; however, CRPS is also associated with 
swelling and other trophic skin changes in the 
extremity. Some have speculated, however, that 
adhesive capsulitis is in-fact a type of “sympathetic 
dystrophy,” based on decreases in bone mineral 
density seen in patients with frozen shoulder.12 
Shoulder girdle tumors, although rare, may also 
mimic the symptoms of frozen shoulder.13

Three stages of frozen shoulder have been described 
in the literature: painful stage, stiffness or “frozen” 
stage, and recovery or “thawing” stage, with the aver-
age length of symptoms lasting 30 months.14 The 
average range of motion in frozen-stage shoulder 
patients is 98° of abduction, 117° of flexion, 33° 
external rotation and 18° of internal rotation with 
the shoulder abducted to 90°15. While the “stiffness 
stage” is the longest of the stages, adhesive capsulitis 
is thought to be reversible in the acute pain stage16. 
In addition to limited range of motion, shoulder 
complex muscle imbalances lead to altered shoulder 
motion. The upper trapezius tends to be more acti-
vated than the lower trapezius, creating an imbal-
ance of the scapular stabilizers17 leading to increased 
elevation and upward rotation of the scapula during 
elevation of the glenohumeral joint in both the fron-
tal and sagittal planes.15,18 Patients with adhesive 
capsulitis have higher EMG ratios of upper trapezius 
to lower trapezius during arm elevation when com-
pared to asymptomatic subjects, indicating a muscu-
lar imbalance.17

Patients with frozen shoulder exhibit significant def-
icits in shoulder kinematics, including increased 
elevation and upward scapular rotation.15,19 Eventu-
ally, patients with adhesive capsulitis develop the 
characteristic “shrug sign” during glenohumeral 
joint elevation, where the scapula migrates upward 
prior to 60 degrees of abduction. This indicates com-
pensation due to lack of capsular extensibility as 
well as a change in the central nervous system motor 
patterning due to maladaptive movement. Patients 

The “frozen shoulder” diagnosis has been used for 
many years in describing shoulder pain and limited 
motion, and was originally thought to be “periarthri-
tis.” Nevasier was the first to identify the pathology 
through histological and surgical examination of fro-
zen shoulder patients.1 He concluded that frozen 
shoulder was not periarthritis, but a “thickening and 
contraction of the capsule which becomes adherent 
to the humeral head” that he termed, “adhesive cap-
sulitis.”1 Adhesive capsulitis is characterized by pain, 
stiffness, and limited function of the glenohumeral 
joint, which adversely affects the entire upper extrem-
ity. Patients typically describe onset of shoulder pain 
followed by a loss of motion.2 The most common lim-
itations in range of motion are flexion, abduction, and 
external rotation. Approximately 70% of frozen shoul-
der patients are women;3 however, males with frozen 
shoulder are at greater risk for longer recovery and 
greater disability3-4. Although the exact pathophysio-
logic cause of this pathology remains elusive, there 
are two types identified in the literature: idiopathic 
and secondary adhesive capsulitis.5 

Idiopathic (“primary”) adhesive capsulitis occurs 
spontaneously without a specific precipitating event. 
Primary adhesive capsulitis results from a chronic 
inflammatory response with fibroblastic prolifera-
tion, which may actually be an abnormal response 
from the immune system.6 Secondary adhesive 
 capsulitis occurs after a shoulder injury or surgery, 
or may be associated with another condition such as 
diabetes, rotator cuff injury, cerebrovascular acci-
dent (CVA) or cardiovascular disease, which may 
prolong recovery and limit outcomes.7 In a profile 
study of 32 patients with adhesive capsulitis, heart 
disease and diabetes were more prevalent in those 
suffering from adhesive capsulitis than a control 
group.2 In a 1986 study, 19% of older diabetic patients 
had adhesive capsulitis;8 however, recent estimates 
place the incidence as high as 71% when patients 
with pre-diabetes (metabolic syndrome) are 
included.9 Both Type I and Type II diabetics are sus-
ceptible to frozen shoulder;10 unfortunately, diabet-
ics have worse functional outcomes as measured by 
disability and quality of life questionnaires com-
pared to non-diabetics with frozen shoulder.4 Frozen 
shoulder is also a common complication following 
stroke, occurring in 25% of patients within 6 
months.11 
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adhesive capsulitis, it is important to remember that 
not all clinical interventions have evidence to sup-
port their use in specific patient populations. Recall 
that evidence-based practice is best defined as the 
use of the best evidence available along with clinical 
experience while taking into consideration the 
unique needs of an individual patient.

Modalities. The rationale for using modalities in 
patients with adhesive capsulitis includes pain relief 
and affecting scar tissue (collagen). However, the use 
of modalities such as ultrasound, massage, iontopho-
resis, and phonophoresis has not been proven to be 
beneficial in treatment of patients with adhesive cap-
sulitis.25,27 Interestingly, transcutaneous electrical 
stimulation (TENS) has been shown to significantly 
increase range of motion more than heat combined 
with exercise and manipulation.28 Research also sug-
gests that low-power laser therapy is more effective 
than a placebo for treatment of patients with adhe-
sive capsulitis.29-30 Recently, deep heating through dia-
thermy combined with stretching was shown to be 
more effective than superficial heating for treating 
frozen shoulder patients.31

Passive Motion. Because adhesive capsulitis involves 
fibrotic changes to the capsuloligamentous structures, 
continuous passive motion or dynamic splinting are 
thought to help elongate collagen fibers. Continuous 
passive motion (CPM) was recently compared with 
conventional PT in 57 patients with adhesive capsuli-
tis.32 Both groups improved after 4 weeks of treat-
ment; while there was no significant difference 
between the groups, the CPM patients had greater 
reduction in pain levels. Dynamic splinting was also 
recently evaluated in patients with Stage 2 (“frozen 
stage”) adhesive capsulitis.33 The authors, Gaspar and 
Willis, noted better outcomes when physical therapy 
was combined with the Dynasplint® protocol, 
although there was no statistically significant differ-
ence between standard physical therapy or the 
Dynasplint alone. The concept of total end-range 
time (TERT) has also been described in the treatment 
of patients with adhesive capsulitis, suggesting main-
tenance of a stretch in the maximally lengthened 
range of motion for a total of 60 minutes per day 34-35.

Manual Techniques. As stated previously, joint 
mobilization is an effective intervention for adhe-
sive capsulitis. Several studies have demonstrated 

with adhesive capsulitis may also develop adaptive 
postural deviations such as anterior shoulders or 
increased thoracic kyphosis as the function of the 
shoulder complex remains limited and painful.

Adhesive capsulitis is generally related to a shorten-
ing and fibrosis of the joint capsule (ligaments) sur-
rounding the shoulder joint. Nevasier1 was among 
the first to report thickening and contraction of the 
shoulder capsule as well as inflammatory changes 
through histologic analysis. The contracture of the 
shoulder ligaments actually decreases the volume of 
the capsule, thus limiting range of motion. It is likely 
that limitations in range of motion and the pain 
associated with frozen shoulder are not only related 
to capsular and ligamentous tightness, but also fas-
cial restrictions, muscular tightness, and trigger 
points within the muscles. Physical therapists can 
address impairments and limitations associated 
each of these contributors to the pathology of adhe-
sive capsultis with a variety of treatment methods.

PHYSICAL THERAPY INTERVENTIONS
Levine and colleagues20 showed a 90% success rate 
with non-operative treatment (oral NSAIDs and 
standardized physical therapy) over an average of 4 
months. As little as 4 weeks of targeted intervention 
can improve pain and strength in frozen shoulder 
patients 21-22. It has been suggested23 that ‘gentle’ 
therapy (painfree pendulum and active exercises) is 
better than ‘intensive’ therapy (passive stretching 
and manipulation up to and beyond the pain thresh-
old). Unfortunately, frozen shoulder patients often 
maintain some deficiencies in range of motion even 
after ‘successful’ treatment.4 In a 15 year follow-up, 
Farrell24 reported forward elevation range of motion 
of only 168° and external rotation of 67°.

Jewell and colleagues25 suggested in their meta- 
analysis of physical therapy interventions for frozen 
shoulder syndrome that joint mobilization and exer-
cise were the most effective interventions. Non-
aggressive physical therapy interventions are 
generally more effective than aggressive or inten-
sive interventions23,26. Physical therapy interven-
tions used with patients with frozen shoulder 
frequently include modalities, manual techniques, 
and therapeutic exercise. While some of these inter-
ventions have been studied in patients with 
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present in the musculature around the shoulder com-
plex in patients with adhesive capsulitis.38 In Travel 
and Simons’ classic textbook, the authors describe 
how the subscapularis muscle in particular is referred 
to as the “Frozen Shoulder” muscle because trigger 
points in the subscapularis cause limitations in shoul-
der elevation and external rotation.39 The Spray and 
Stretch® technique for the subscapularis and latissi-
mus dorsi muscle may be effective at reducing trigger 
point irritation, pain, and helping to gradually 
lengthen tight muscles.40 (Figure 1)

Soft Tissue Mobilization. Soft tissue mobilization 
and deep friction massage may benefit adhesive 
capsulitis patients. Deep friction massage using the 
Cyriax method was shown to be superior to superfi-
cial heat and diathermy in treatment of patients 
with adhesive capsulitis.41 Recently, instrument-
assisted soft tissue mobilization (IASTM) as used in 
such interventions as Graston Technique®, ASTYM®, 
or guasha has become increasingly popular in physi-
cal therapy practice. IASTM reportedly provides 
strong afferent stimulation and reorganization of 
collagen, as well as in increase in microcirculation. 
The inferior glenohumeral capsule and pectoral fas-
cia are often restricted, as well as the insertion of the 
latissimus dorsi and subscapularis. IASTM may help 
improve fibroblast proliferation and promote nor-
mal collagen alignment,42-43 although no studies have 
evaluated outcomes of the use of IASTM on patients 
with adhesive capsulitis. (Figure 2)

Therapeutic Exercise. Probably the most com monly 
prescribed therapeutic exercises for adhesive capsulitis 

the effectiveness of joint mobilization in adhesive 
capsulitis patients.25,36-37 In particular, posterior glide 
mobilization was determined to be more effective 
than anterior glide for improving external rotation 
range of motion in patients with adhesive capsuli-
tis36 Johnson and colleagues randomly assigned 20 
consecutive adhesive capsulitis patients to physical 
therapy intervention including grade III stretch 
mobilization with distraction at end range of abduc-
tion and external rotation using either an anterior or 
posterior directed linear translation. After 3 ses-
sions, the posterior mobilization group had signifi-
cantly improved their external rotation range of 
motion by 31 degrees versus only 3 degrees in the 
anterior mobilization group. In addition, high-grade 
joint mobilization techniques were more effective 
than low-grade mobilization in improving glenohu-
meral mobility and reducing disability in a recent 
randomized controlled trial of treatment of patients 
with adhesive capsulitis.37

As discussed earlier, myofascial trigger points, focal 
areas of increased tension within a muscle, may be 

Figure 1: Spray and Stretch® technique for treatment of the 
subscapularis. (Copyright, Gebauer Company, used with per-
mission.)

Figure 2: Instrument-assisted Graston Technique® for treat-
ment of the pectoral fascia. (Used with permission, Graston 
Technique®).
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this exercise helps reduce early activation of the 
upper trapezius during abduction in patients dem-
onstrating a shrug sign. 

Rigid and Kinesiological Taping. Although no studies 
have been published on the efficacy of taping (such 
as rigid strapping tape or kinesiological taping [KT]) 
with patients who have adhesive capsulitis, taping 
may be helpful in reducing pain and providing tac-
tile cues through proprioceptive and afferent mech-
anisms. The mechanisms and efficacy of taping 

are active-assisted range of motion (AAROM) exer-
cises. These typically involve the patient using the 
uninvolved arm, or using equipment such as rope-
and-pulley, wand/T-bar, or exercise balls. Generally, 
these exercises are performed for flexion, abduction 
and external rotation ranges of motion which are 
frequently the most limited. Griggs and colleagues 
found that physical therapy including 4 self-stretches 
(passive flexion, horizontal adduction, internal rota-
tion behind the back with the unaffected arm, and 
external rotation at 0° using a cane) performed at 
least twice a day produced a satisfactory outcome in 
90 percent of stage 2 adhesive capsulitis patients.4 
These patients significantly improved in pain, range 
of motion, and shoulder function; however, the 
study did not compare the intervention to other 
types of treatment. Despite this limitation, the 
authors suggested that more aggressive treatments 
such as manipulation are rarely necessary.

Resistive exercises typically include strengthening 
of the scapular stabilizers and rotator cuff, when 
range of motion has progressed enough for strength-
ening to be an appropriate intervention. Muscles 
prone to weakness in a variety of shoulder dysfunc-
tions include the lower trapezius, serratus anterior, 
and infraspinatus. Patients with adhesive capsulitis 
have significantly weaker lower trapezius muscles 
compared to asymptomatic controls.17 It is impor-
tant that treating therapists facilitate normal move-
ment patterns rather than allowing pathological 
adaptive patterns to prevail during movement for 
the sake of completing an exercise. For example, if a 
patient demonstrates a ‘shrug sign’ while perform-
ing resisted abduction, the exercise should be 
stopped and modified with less resistance or be 
attempted in an altered position, while cuing of the 
patient for proper movement patterns. The “Shoul-
der Sling” exercise can be used to help re-train the 
initial setting phase of the rotator cuff when initiat-
ing abduction. (Figure 3) The Shoulder Sling exer-
cise for a “rotator cuff set” is considered analogous to 
a “quad set” exercise in the lower extremity. The 
elastic band creates an “upward and inward” vector 
of resistance that the patient must push against in a 
“down and out” vector. This movement simulates 
the initiation of abduction as well as the depression 
and stabilization functions of the rotator cuff, which 
occur prior to and during abduction. Anecdotally, 

Figure 3: “Shoulder Sling” exercise designed to facilitate “set-
ting” of the rotator cuff. Place an elastic loop under the elbow 
and around the neck and opposite shoulder. Simultaneously 
depress your shoulder and initiate abduction against the 
band resistance, pushing your elbow in a “down and out” 
motion. Do not actually move the arm away from the body. 
(Used with permission, The Hygenic Corporation).
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ranges of motion, breaking the adhesions located 
within of the shoulder capsule. In addition to 
increased risk of complications from anesthesia, 
MUA can cause severe damage including labral 
tears, tendon tears, fractures, and ruptures of the 
shoulder ligaments.55 Most recently, steroid injec-
tions with distention arthrography have been shown 
to be as effective as MUA and are therefore the rec-
ommended course of treatment because of the risks 
associated with MUA.56

In conclusion, adhesive capsulitis is a challenging 
condition for both the physical therapist and patient. 
It is important for clinicians to make an accurate 
diagnosis and assessment in order to best choose 
their interventions. By understanding the published 
evidence related to the rehabilitation of patients 
with adhesive capsulitis, both therapists and patients 
will benefit from an integrated, multi-faceted, evi-
dence-based approach to intervention. 
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  ABSTRACT  

 Objectives:     To evaluate intra-rater and inter-rater reliability and measurement error in glenohumeral 
range of motion (ROM) measurements using a standard goniometer.   

 Study design:     17 adult subjects with and without shoulder pathology were evaluated for active and passive 
range of motion. Fifteen shoulder motions were assessed by two raters to determine reliability. The intra-
class correlation coefficients (ICC) were calculated and examined to determine if reliability of ICC ≥ 0.70 
existed. The standard error of measurement (SEM) and the minimal clinical difference (MCD) were also 
calculated.   

 Results:     The criterion reliability was achieved in both groups for intra-rater reliability of standing AROM 
abduction; supine AROM and PROM abduction, flexion, external rotation at 0° abduction; and for inter-
rater reliability of supine AROM and PROM abduction, external rotation at 0° abduction. The SEM ranged 
from 4°-7° for intra-rater and 6°-9° for inter-rater agreement on movements that achieved the criterion 
reliability. The MCD ranged from 11°-16° for a single evaluator and 14°-24° for two evaluators.   

 Conclusions:     Assessment of AROM and PROM in supine achieves superior reliability. The use of either a 
single or multiple raters affects the number of movements that achieved clinically meaningful reliability. 
Some movements consistently did not achieve the criterion and may not be the best movements to moni-
tor treatment outcome.   

  Key Words:   Reliability ,    shoulder goniometric measurement         
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 INTRODUCTION 
 Clinicians and researchers routinely evaluate change 
in patients’ status over time. The assessment of range 
of motion (ROM) is important in the 1) diagnosis of 
glenohumeral disorders, 2) evaluation of treatment 
progression and effectiveness, and 3) quantifying the 
amount of change in movement that occurs. It is, 
therefore, important for clinicians and researchers to 
have complete and relevant information on the reli-
ability and accuracy of ROM measurement. 

 Common scenarios that arise in daily clinical prac-
tice highlight the need to reliably determine ‘real’ 
change in a patient’s condition. Clinicians want to 
know how to determine patients’ progress over time 
with the same clinician performing assessments or 
how to relate measurements between clinicians 
when patient care is transferred from one person to 
another. These same issues also impact clinical 
research from both a research design and data analy-
sis perspective particularly when multiple evalua-
tors are used to evaluate progress over time. 

 Clinical assessment of the extremities usually 
involves obtaining information on an affected and 
an unaffected side for comparison. The presence of 
glenohumeral pathology can contribute to variation 
in measurement due to pain, weakness, fatigue and 
apprehension in addition to the variation in per-
forming the measurement technique alone. Thus, it 
is important to ensure that measurements used in a 
clinical setting are reliable in both the presence and 
absence of shoulder pathology. 

 The intra-class correlation coefficient (ICC) quanti-
fies reliability or consistency in a measurement; 
the closer the value is to 1.0, the better the reliabil-
ity. However, the ICC value does not provide a 
quantification of the magnitude of the error. Evalu-
ating the smallest detectable change has also been 
advocated as an important aspect of a reliability 
study.  1 – 4   The standard error of measurement (SEM) 
expresses agreement in the same units as the origi-
nal measurement and indicates the amount of 
change needed to exceed the error of the measure-
ment itself.  1   Knowledge of the error in the mea-
surement technique allows for the determination 
of when an observed change equates to a minimum 
detectable change that is greater than measure-
ment error itself. 

 Wide variability for both intra and inter-rater reliabil-
ity for shoulder motion evaluation has previously 
been reported.  2 , 5 – 11   Limitations in the previous litera-
ture that have reported the accuracy of assessing 
shoulder range of motion with a goniometer should 
be considered as important omissions. Specifically, 
these limitations include presentation of estimates 
without confidence intervals, inadequately powered 
sample sizes, no sample size calculations, failure to 
present SEM values and a limited number of possible 
shoulder movements assessed. ( Table 1 )  

 There is a threshold below which the consistency 
and precision of a measure is considered compro-
mised and ceases to be clinically useful and informa-
tive. It is recommended that ICC values be greater 
than or equal to 0.70 to be considered acceptable as 
a clinically meaningful measurement tool.  12   In the 
shoulder reliability literature, this form of statistical 
analysis has not been previously performed, thus 
we do not know if goniometric assessment of gleno-
humeral ROM meets an acceptable standard. 

 The purpose of this study was to calculate 1) intra 
and inter-rater reliability ICC values for shoulder 
range of motion, 2) intra and inter-rater standard 
error of measurement (SEM) for each movement 
and 3) the minimal clinical difference (MCD) in a 
group of people with and without shoulder pathol-
ogy for each movement assessed by a single evalua-
tor and two evaluators.   

 MATERIALS AND METHODS  

 Subjects 
 A convenience sample of subjects with and without 
shoulder pathology was recruited from staff and 
patients attending the outpatient Department of Reha-
bilitation Medicine at Grey Nuns Community Hospi-
tal, Edmonton, Alberta. The study was approved by 
the University of Alberta Health Research Ethics Board 
(Biomedical Panel) and Caritas Research Steering 
Committee, Edmonton, Alberta and informed consent 
was obtained from all participants. 

 People were eligible for the study if they were 
between 18 and 75 years of age, able to easily move 
between supine and standing positions, and able to 
actively move their shoulder into 90° of glenohu-
meral abduction. Exclusion criteria for both groups 
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 Table 1.      Summary of Reliability Studies Evaluating Intra-rater and Inter-rater Reliability of Shoulder Range of 
Motion Using a Standard Goniometer.  
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were acute pain/injury of either shoulder, previous 
fracture of the scapula or proximal humerus, active 
joint or systemic infection, neurological conditions 
(e.g. stroke, Parkinson’s Disease, brachial plexus 
injury, etc), significant muscle paralysis of the rota-
tor cuff, deltoid or shoulder girdle musculature, 
inability to speak or read English, psychiatric illness 
that precluded providing informed consent or the 
ability to consistently perform the testing protocol. 
The self-report of no previous or current shoulder 
problems placed the participant in the without 
shoulder pathology group. The shoulder pathology 
group included participants who reported chronic 
and stable musculoskeletal injuries of the shoulder. 

 A sample size for ICC parameter estimation was 
based on an � value of 0.05, a � value of 0.20, an 
expected ICC value (intra and inter-rater reliability) 
of 0.90 with the minimum value in the one-sided 
95% confidence interval of 0.70, using 2 replicates of 
each measurement and 2 evaluators.  13   Using these 
parameters and defining the unit of assessment 
being a shoulder, the estimated sample size required 
19 shoulders to be assessed in each group. 

 The evaluators were two registered physical thera-
pists with 16 and 12 years of experience in the 
assessment and treatment of orthopedic conditions, 
and as evaluators in orthopedic surgical trials of 
shoulder conditions. A study assistant was used for 
the recording of the measurement data during the 
test sessions. Data collection began in January 2005 
and ended April 2005.   

 Design 
 The evaluators and study assistant participated in a 
one-hour formal training session. Study participants 
performed a set of warm-up exercises to reduce the 
risk of a mobilization effect from the repeated move-
ments performed during the assessment. The warm-
up routine included 10 repetitions of each exercise 
of shoulder pendular exercises, and active assisted 
shoulder extension, flexion, internal and external 
rotation exercises in standing. 

 Fifteen movements were assessed; four active range 
of motion (AROM) movements in standing and 
eleven movements of both AROM and passive range 
of motion (PROM), in supine, see  Table 2 . Scapular 

stabilization was used during the evaluation of inter-
nal rotation and horizontal adduction in supine. 
Details of the test positions, manual stabilization and 
goniometer placement are found in Appendix 1.  

 Each participant presented on one occasion for 
approximately one hour and was assessed succes-
sively by the two evaluators. A single shoulder was 
considered the unit of study. Each evaluator inde-
pendently measured one or both shoulders of each 
participant twice during the test session, providing a 
total of four ROM assessments per study shoulder. 
The evaluator order, the order of the shoulder to be 
assessed first, the two assessment positions (supine 
and standing), and the order of the movements in 
each position were randomly assigned for each par-
ticipant at the start of the test session by the study 
assistant. 

 To prevent measurement bias, the goniometer dial 
was covered with white paper, as described by  Riddle 
et al.  2   This method obscured the numerical values 
on the goniometer to the evaluators, but allowed the 
study assistant to view the reverse side of the goni-
ometer to record the values.  2   The recorded values of 
test measurements were not made available to the 
evaluators until study recruitment was completed 
and the last test session was finished.   

 Joint Measurements 
 All goniometer measurements were maximal joint 
motions measured with the JAMAR E-Z Read goni-
ometer, a standard 12 inch, double-armed 360° goni-
ometer, constructed of clear plastic. For testing, the 
subject was placed in the appropriate starting posi-
tion, which was with the arm by the side, except 
where specified otherwise. Goniometer placement 
was done after the movement was performed and 
maximal range of motion achieved. Active range of 
motion was determined by the participant’s self-
report of reaching maximal amount of motion, while 
passive range of motion was determined by the 
assessing physiotherapist’s report of reaching maxi-
mal passive end feel. No participants were limited 
by pain in either active or passive range of motion.   

 Data Analysis 
 The following analyses were performed for the 
normal and pathological groups separately. 
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Comparisons were made between these analyses of 
the number and type of movements that achieved 
the criterion level of reliability. The intra and inter-
rater ICC values were calculated by performing 
two-way analysis of variance (ANOVA) for each 
movement using the random effects statistical meth-
odology described by Eliasziw et al.  14   Point estimates 
and 95% one-sided lower-limit confidence intervals 
for the ICC values were calculated. In this study, an 
ICC value with a confidence interval that had a 
lower limit greater than or equal to 0.70 would 

indicate that it achieved the criterion level of reli-
ability deemed necessary for clinical utility. A lower 
confidence interval bound of below 0.70 would indi-
cate the measure did not achieve the criterion level, 
regardless of the point estimate value. 

 The calculation of intra-rater and inter-rater reliabil-
ity ICC values and standard error of the measure-
ment were performed using the approach described 
by Eliasziw et al.  14   instead of conventional calcula-
tions used to determine SEM. Data analyses were 

 Table 2.      Shoulder Movements Assessed in Study.  
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performed using SAS Statistical Software, version 8.2 
(SAS Inc, Cary, NC).    

 RESULTS 
 Data from 17 individuals, representing 23 normal 
shoulders and 11 abnormal shoulders were collected. 
The average age of subjects in the sample was 45.1 
years (range 23-83 years) and there were 14 females 
and 3 males. The pathologies of study shoulders 
included: osteoarthritis (1), history of strain with 
ongoing symptoms due to a motor vehicle accident 
(1), rotator cuff tendinopathy (5), distal humerus 
fracture (1), dislocation (1) and instability without 
history of dislocation (2). 

 The movements that achieved the criterion level of 
reliability in the normal and pathology groups had 
similar point estimates and 95% confidence inter-
vals, SEM, and MCD. 

 As expected, intra-rater reliability values achieved 
more criterion levels of reliability than inter-rater 
values for both PROM and AROM movements in 
standing and supine for both normal and pathologi-
cal shoulders, demonstrating that there was less 
variability when the same evaluator was used ( Tables 
3  and  4 ). The values for standing AROM scaption, 
(See Appendix 1 for definition/description), and 
supine AROM horizontal adduction did not meet the 
criterion level in the pathology group and may be a 
result of low power in this sample. The intra-rater 
reliability values for standing AROM abduction; 
supine AROM abduction, flexion, and external rota-
tion (ER) at 0° abduction; and supine PROM abduc-
tion, flexion and ER at 0° abduction met or surpassed 
the pre-specified criterion value in both groups.   

 Inter-rater reliability values were typically of lower 
magnitude than intra-rater reliability indicating 
greater variation, as expected, when two evaluators 
were used in both the normal and pathology groups. 
The inter-rater reliability values of 4 movements; 
supine AROM and PROM of abduction and external 
rotation at 0° abduction met the criterion for reli-
ability in both groups, suggesting that these move-
ments can be reliably measured and provide 
clinically useful information. 

 Importantly, there are movements that consistently 
did not achieve the criterion value in either group. 

The intra-rater reliability measure for standing 
AROM extension did not achieve the criterion. Sev-
eral additional movements failed to achieve the cri-
terion value for inter-rater reliability including 
standing AROM abduction, flexion, and extension; 
supine AROM internal rotation, horizontal adduc-
tion; and supine PROM horizontal adduction. 

 Both the SEM and the MCD values for intra-rater 
agreement were smaller than for inter-rater agree-
ment consistent with less measurement variation 
that is typical when the same evaluator is used. 
( Tables 3  and  4 ) Movements that met the criterion 
level had comparable values in both the normal and 
pathology group. However, large values were still 
present for some movements that achieved the cri-
terion value for reliability; in particular supine 
AROM abduction had a MCD for two raters of 20° in 
normal shoulders and 24° in pathologic shoulders.   

 DISCUSSION 
 This study gives a comprehensive presentation of 
reliability and minimal clinical difference (MCD) 
values for 15 movements of the shoulder commonly 
used in clinical practice and research. The results 
provide valuable information on the limits of assess-
ment for reliability and enables clinicians to make 
knowledgeable decisions regarding whether a clini-
cally meaningful change has occurred between test-
ing sessions, or whether the change could primarily 
be due to variability from measurement error. 

 This evaluation of shoulder range of motion reliabil-
ity includes the largest selection of movements 
 compared to previous reports and addresses the lim-
itations present in the current published literature 
on goniometric measurement. While the authors 
acknowledge the importance of assessing glenohu-
meral rotations in 90° abduction, they were only 
assessed during active movement in supine in the 
current study. Performance of these movements in 
standing presents measurement challenges of isolat-
ing glenohumeral range from movement due to 
scapular movement and associated thoracic spine 
motions of rotation and extension that accompany 
the glenohumeral movements associated with 
throwing. Awan et al evaluated three techniques for 
measuring shoulder internal rotation using an incli-
nometer and reported that the use of scapular 
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 Table 3.      Reliability with One-sided 95% Confi dence Intervals, Standard Error of the Measurement (SEM) and 
Minimum Clinical Difference (MCD) Values are shown for a single rater and two raters when examining patients 
with normal shoulders. (N=23)  
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 Table 4.      Reliability with One-sided 95% Confi dence Intervals, Standard Error of the Measurement (SEM), and 
Minimum Clinical Difference (MCD). Values are shown for a single rater and two raters when examining patients with 
shoulder pathology. (N=11)  
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stabilization techniques to control for accessory 
scapulothoracic motion was superior for measure-
ment.  15   Measurement of glenohumeral internal rota-
tion used during the current study used stabilization 
of the scapula in order to identify the point where 
scapular motion commenced, at which point the 
end of range of motion was deemed present and 
goniometric measurement was taken. Scapular sta-
bilization was not possible to maintain by a single 
person during goniometric measurement of passive 
range of motion measurement, so this movement 
was not included. The current authors found that 
glenohumeral internal rotation could not be reliably 
measured when performed as it would be in a typi-
cal clinical setting by a single evaluator. This is in 
contrast to Awan et al.  15   whose protocol used two 
people in the measurement process, one for posi-
tioning and one to perform the measurement. 

 Comparison of our results to previous studies that 
used the goniometer as the measurement device is 
limited by the lack of reported confidence intervals 
in other studies.  2 , 5 , 6 , 11   The present study’s findings 
are in accordance with the results from Hayes et al  8   
in that the movements of intra-rater reliability for 
standing AROM flexion and inter-rater reliability of 
standing AROM flexion and abduction fall below the 
threshold ICC of 0.70 in shoulders with pathology. 

 This study also highlights the importance of includ-
ing confidence intervals along with the ICC point 
estimates when evaluating reliability. Only 7 of 15 
common shoulder ROM measurements met the pre-
determined level of reliability in both groups for a 
single evaluator. Reliable measurements were 
achieved using multiple raters for only 4 ROM mea-
surements in both groups, AROM and PROM abduc-
tion and external rotation at 0° abduction. The 
confidence intervals provide a measure of the preci-
sion of the estimate and the majority of previous 
studies have not presented them. The point estimate 
alone is not sufficient to determine if the measure-
ment exceeds the ICC threshold of 0.70. This study 
used an a priori specification to determine an ade-
quate sample size and power to evaluate if ICC val-
ues meet the ICC threshold of 0.70. 

 Variation in reliability values can arise from several 
sources including the inaccurate or inconsistent 

land-marking during goniometer placement and 
lack of stabilization of the shoulder girdle to prevent 
compensatory scapulothoracic movements during 
rotations. Movements in supine allow for support of 
the trunk permitting greater relaxation of the par-
ticipant and stabilization of the shoulder girdle espe-
cially in the evaluation of PROM. The assessment of 
AROM in positions of sitting or standing while pro-
viding an evaluation in a functional position also 
introduces muscular strength as a potential limiting 
factor to the maximal attained range of motion. Lim-
ited range of motion in a gravity dependent position, 
such as standing, then needs to be further differenti-
ated between strength and range of motion as limit-
ing factors to assist in devising a treatment program. 
The assessment of ROM in supine creates different 
gravity effects and may be complementary to the 
assessment in standing due to the alterations of 
muscle strength requirements. The use of a second 
person to provide the stabilization on the assess-
ment of rotation movements especially in 90° abduc-
tion, as found by Awan et al  15  , may need to be 
encouraged, particularly for research, where it may 
be important to detect small, but important differ-
ences between patient groups. The present study 
also incorporated measures to limit error due to a 
warm-up effect, but may not have removed all 
effects. This finding supports the practice of provid-
ing a sufficient warm-up to the area to be assessed 
before evaluation. Greater variability in PROM than 
AROM may result from variation in the amount of 
force used to attain full range, especially for inter-
rater reliability, and therefore active movements 
may be preferable to passive movements in order to 
evaluate change. 

 It is uncertain if the movements with the lowest reli-
ability values can be improved with greater training, 
but it does highlight the importance of training ses-
sions for evaluators and the reporting of this infor-
mation when performing clinical studies. Therefore, 
it seems reasonable for research investigators to 
include a reliability sub-study to confirm the consis-
tency of evaluators and to establish the minimal 
clinical difference for a given study population. As 
the values obtained in this study are from a com-
bined population with normal shoulders and shoul-
ders with chronic stable pathology, any study 
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evaluating shoulders with acute conditions may 
have greater variation in values. 

 The setting of a minimally acceptable level for both 
intra and inter-rater reliability and testing to deter-
mine whether those levels could be achieved was a 
unique aspect of this study. Hypothesis testing in 
the absence of a criterion value only tests if values 
are different than zero.  12   We specifically evaluated if 
goniometric shoulder assessment can achieve clini-
cally useful reliability values using a pre-determined 
criterion value of ICC ≥ 0.70. 

 In this study, reliability with a goniometer was dif-
ficult to achieve using multiple raters, a trend con-
sistent with other studies.  2 , 5 , 6 , 8   The movements that 
did not meet the criterion value may be unable to 
accurately reflect change over time and therefore 
should be used with caution as primary outcomes in 
research and clinical practice for this purpose. As 
standard goniometers are not the only measurement 
method available for range of motion evaluation, 
there is still room to refine reliability further through 
evaluation of other apparatus such as electro-goni-
ometers or inclinometers. 

 It is important therefore to highlight and demon-
strate how the information from this study can be 
used practically in the clinical and research setting. 
The intra-rater SEM provides the range of values 
that can be expected on re-testing for a single evalu-
ator.  15   For example; assume a single rater assesses 
active standing abduction, a movement that achieved 
the reliability threshold, obtains a value of 135°. The 
intra-rater SEM, four degrees, suggests that if the 
same rater repeated that measurement, and there 
was no expectation that the subject’s AROM had 
truly changed, the range of possible values could be 
131° to 139°. This range of values could impact out-
come measure scoring systems for functional assess-
ment of the shoulder where points are assigned to 
the actual range of motion value, as in the Constant 
and UCLA Shoulder Scores. 

 The inter-rater SEM gives the range of potential error 
in different raters’ measurements.  16   This value has 
practical implications on the reporting and compari-
son of results from independent assessments, as can 
occur in worker compensation or insurance claims. 
In either scenario, an independent assessment, 

concurrent with community rehabilitation, is not 
uncommon as part of the routine practice of case 
management. Active supine abduction, a measure-
ment that met the reliability criterion, has a potential 
variability in measurement between two raters on a 
measured value of 135° of 111° to 159°. Passive supine 
horizontal adduction, a movement that did not meet 
the criterion threshold, has a range of values of 121° 
to 149°on a measured value of 135°. If the extremes 
of possible values were obtained in this scenario, the 
variability could be misattributed as a lack of sincer-
ity of effort or irritability of the underlying tissue or 
injury when in fact it is just the inherent error in the 
measurement process and not a reflection of the 
capability of the person being assessed. 

 In clinical research, the MCD for two raters has impli-
cations for evaluating the superiority of one treat-
ment regimen over another. For example, using a 
hypothetical randomized controlled trial of two post-
operative rehabilitation protocols after mini-open 
rotator cuff surgery, treatment regimen 1 produces a 
statistically significant gain in range of motion for 
supine active abduction, forward flexion, and exter-
nal rotation in adduction. The MCD can be used to 
determine if the statistically significant difference in 
treatment is in excess of the measurement error and 
therefore, also clinically meaningful. 

 There are several limitations in the current study 
that need to be addressed. The sample size was 
achieved in the normal shoulder group, but unfortu-
nately, sample size could not be achieved in the 
shoulder pathology group within the time frame 
available to complete the study. A lack of move-
ments achieving the a priori established ICC value 
in the shoulder pathology group could be due in part 
to insufficient power to find a statistical significantly 
association. A full evaluation of all AROM and PROM 
glenohumeral rotations at 90° abduction in the two 
patient test positions limits comprehensive knowl-
edge translation to clinical practice. While there is 
limited reliability using a standard goniometer, these 
limitations cannot be translated to other methods of 
measuring range of motion; therefore evaluation 
with other measurement tools is recommended con-
sidering the prominence that measurement plays in 
clinical practice and research.   
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 CONCLUSIONS 
 Intra-rater evaluation can achieve acceptable reli-
ability in the greatest number of movements: stand-
ing AROM abduction; supine AROM abduction, 
flexion, and external rotation (ER) at 0° abduction; 
and supine PROM abduction, flexion and ER at 0° 
abduction. Across the groups with normal and shoul-
der pathology, inter-rater evaluation met the crite-
rion level for reliability for four movements 
performed in supine: AROM and PROM of abduction 
and external rotation at 0° abduction. These move-
ments should be considered as acceptable for mea-
suring and quantifying change over time and as 
primary outcomes in research.     
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 Appendix 1: Details of Testing Positions and Goniometer Placement.
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 Appendix 1: Continued.
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   ABSTRACT  
 Background:     Quadriceps activation failure is common in patients with tibiofemoral osteoarthritis (TFOA) and has 
been reported to occur bilaterally following acute and chronic knee injuries. Sensory transcutaneous electrical stimu-
lation (TENS) applied to the knee has increased ipsilateral quadriceps activation, yet it remains unknown if repeated 
sensory TENS treatments affect activation in the contralateral quadriceps.   

 Objective:     To determine the effects of unilateral TENS treatment to the involved leg, in conjunction with 4-weeks of 
therapeutic exercise, on volitional quadriceps activation in the contralateral leg.   

 Methods:     Thirty-three patients with radiographically diagnosed TFOA were randomly assigned to the TENS, placebo, 
and the control groups. The involved leg was defined as the knee with highest degree of radiographically assessed 
TFOA. All participants completed a supervised 4-week lower extremity exercise program for the involved leg only. 
TENS and placebo TENS were worn throughout the rehabilitation sessions as well as during daily activities for those 
groups on the involved leg. Quadriceps central activation ratio (CAR), a measure of volitional muscular activation, 
was assessed in the uninvolved leg at baseline, 2-weeks and 4-weeks following the initiation of the intervention.   

 Results:     There were no differences between groups for quadriceps CAR (P=0.3).   

 Discussion:     Although significant differences were not found, strong to moderate within group effect sizes were cal-
culated for the TENS group at 2 (d = .87) and 4 weeks (d = .54), suggesting that significant differences may be found 
in a larger population.   

 Conclusions:     Contralateral quadriceps CAR was not affected following a 4-week unilateral disinhibitory intervention 
in this sample.   

  Key Words:   Voluntary activation ,    Arthrogenic muscle inhibition ,    Pain ,    Strength         
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 INTRODUCTION 
 Quadriceps activation failure is common following a 
variety of acute knee injuries  6   as well as in degen-
erative conditions such as tibiofemoral osteoarthri-
tis.  1 , 16   This quadriceps activation failure has been 
reported to affect physical function  4   and is proposed 
to be a factor leading to increased joint degeneration 
due to inability to adequately absorb shock.  12   Differ-
ent neural mechanisms causing decreased motor 
output in the uninjured quadriceps musculature 
surrounding an injured knee have been proposed as 
the underlying cause of quadriceps activation fail-
ure in these populations.  14 , 15   There is evidence to 
suggest that both spinal reflexive mechanisms  14 , 15   
and cortical mechanisms  7 , 11   may alter quadriceps 
excitability in people with knee joint pathology. 

 Bilateral quadriceps activation deficits following 
unilateral knee joint injury may be further evidence 
to suggest that the central nervous system is actively 
engaged in altering muscle function.  1 , 27   Hart et al.  7   
reported that quadriceps volitional activation is 
decreased in both involved and uninvolved legs of 
patients with anterior cruciate ligament deficits, 
anterior cruciate ligament reconstructions and ante-
rior knee pain when compared to healthy matched 
controls. In addition, Berth et al.  1   has reported bilat-
eral quadriceps activation deficits in patients with 
unilateral tibiofemoral osteoarthritis when com-
pared to healthy matched controls, suggesting that 
these bilateral neuromuscular alterations affect peo-
ple suffering from chronic tibiofemoral degenera-
tive joint conditions. It is possible that chronic 
bilateral inhibition may over time lead to serious 
knee joint damage in the uninvolved limb, by 
decreasing the patient’s ability to appropriately 
attenuate shock in bilateral lower extremities. 

 It may be necessary to target the central nervous 
system with interventions specifically aimed at 
increasing quadriceps muscle activation in patients 
with arthrogenic muscle inhibition.  8 , 13 , 21   Sensory 
transcutaneous electrical nerve stimulation (TENS), 
conventionally used for pain modulation has previ-
ously been reported to increase the reflexive excit-
ability of the central nervous system in the ipsilateral 
quadriceps motor neuron pool following experimen-
tally induced joint effusion  8   and to increase the ipsi-
lateral volitional quadriceps activation in people 

with tibiofemoral osteoarthritis.  23   Currently, the 
neural mechanisms modulating motor neuron pool 
excitability in the presence of TENS are unknown, 
yet it is hypothesized that TENS causes alterations 
in afferent stimuli which are interpreted by inter-
neurons as excitatory.  21 , 22   This increase in excitatory 
afferent signal is hypothesized to allow for excitation 
of the previously inhibited motor neuron pool by 
overriding the substantially weaker inhibitory sig-
nal. The TENS parameters used to increase muscle 
activation are identical to pain modulation parame-
ters, suggesting that this conventional modality may 
have a new indication independent from altering 
pain.  21 , 22   Although there is evidence to suggest the 
central nervous system seems to engage bilateral 
quadriceps inhibition following unilateral joint knee 
injury,  1 , 7 , 27   it remains unknown if efforts to unilater-
ally disinhibit the involved quadriceps motor neu-
ron pool will result in disinbition of the contralateral 
or uninvolved quadriceps. 

 Therefore, the primary aim of the current study was 
to determine if disinhibitory TENS treatment in con-
junction with 4-weeks of therapeutic exercise to the 
involved leg would alter quadriceps activation in the 
contralateral leg in patients with tibiofemoral osteo-
arthritis in at least one knee. Additionally, the 
authors sought to determine if changes in quadri-
ceps activation in the leg contralateral leg would cor-
relate with changes in quadriceps activation in the 
treatment leg over a 4 week period. The authors 
hypothesized that quadriceps activation would 
increase in the contralateral leg of patients receiving 
TENS compared to the placebo and control groups, 
and that changes in quadriceps activation in the 
treated leg would correlate with quadriceps activa-
tion in the contralateral leg.   

 METHODS 
 Participants identified in this study were part of a 
larger randomized controlled trial evaluating disin-
hibitory interventions on function in people with 
tibiofemoral osteoarthritis (TFOA).  19   Prior to ran-
domization into one of the three intervention groups 
(TENS, Placebo TENS, Control), participants were 
stratified by the central activation ratio (CAR) of 
their involved quadriceps and by the radiographic 
severity of TFOA as assessed by a single fellowship 
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of less than 90%. The involved knee was considered 
the knee with the greatest radiographic evidence of 
osteoarthritis, and in the case that both knees were 
graded similarly; the participant was asked which 
knee caused them the most dysfunction. Participants 
with total knee reconstructions were removed from 
this analysis. A mandatory 2-week washout period 
was implemented for all participants who previously 
had a corticosteroid or hyaluronic acid injection. This 
2-week washout period was determined from previ-
ously published data evaluating half-life periods for 
both corticosteroid  3   and hyaluronic acid.  5   The use of 
prescription and over-the-counter medications for 
pain relievers and anti-inflammatory drugs were 
monitored throughout the study and participants 
were asked to discontinue the use of all non-essential 
pain medication 12-hours prior to therapy sessions 
and 24-hours prior to all testing sessions as previously 
reported.  18    

 Participants with a diagnosed heart condition limit-
ing exercise, altered sensation over the anterior knee, 
and lower body surgery or knee trauma in the past 
6 months were excluded. This study was approved by 
the Institutional Review Board (HSR-13360) prior to 
subject enrollment and written informed consent 
was obtained prior to participation.   

trained orthopeadic surgeon using the Kellgren-Law-
rence (K-L) grading system. All participants regard-
less of group assignment participated in a 4-week 
lower extremity strengthening program, supervised 
by a licensed physical therapist or a certified athletic 
trainer. Main outcome measures in the present study 
included maximal quadriceps volitional activation, 
as measured by the CAR, and maximal voluntary 
isometric (MVIC) torque in the uninvolved leg at 2 
and 4-weeks of the intervention. Secondary outcome 
measures included pain scores measured during the 
MVIC with a visual analog scale, in the uninvolved 
leg at 2 and 4-weeks, and the relationship of percent 
change scores in CAR and MVIC of both legs at the 2 
and 4-week time points. The investigator conducting 
all of the outcome measures was blinded to group 
assignment. Participants in both the placebo and 
active TENS groups were not informed of their group 
assignment. ( Figure 1 ) 

  Participants 

 Forty-nine participants volunteered for this current 
study and 33 participants were randomized into 
groups and used in the final analysis ( Table 1 ). Partici-
pants were included if they had been clinically diag-
nosed with TFOA, an involved leg K-L score between 
1-4 and quadriceps activation failure defined as a CAR 

 Table 1.      Baseline Demographic Means (SD).  
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Figure 1. Consort Flow Chart. K-L = Kellgren Lawrence Score, CAR = Central activation ratio. All Stratifi ed values refer to the 
involved leg.
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and participants were instructed to wear these units 
during all 12 therapeutic exercise sessions and at 
least 8 hours a day during activities of daily living. 
Active TENS consisted of a sensory continuous, 
biphasic pulsatile current (frequency of 150 Hz, and 
phase duration of 150μs). Four separate 2 × 2 inch 
self- adhesive electrodes (Re-ply reusable electrodes, 
Uni-Patch, Wabasha, MN) were used to deliver the 
TENS stimulation to the involved knee joint of the 
participants.  21   Subjects used self-selected amplitude 
that resulted in a strong sensory, but submotor stim-
ulation in the TENS group. Placebo TENS was admin-
istered with the same instruments, but the unit was 
programmed to discontinue the current 30 seconds 
after the stimulation had been started. All other fea-
tures of the placebo unit were identical. 

 The units in the active TENS group were set to deliver 
a continuous TENS current. Participants were instructed 
on how to increase and decrease amplitude, which 
could be adjusted between 1 and 60 mA. Amplitude 
was set to a strong but comfortable sensory stimulation 
intensity not strong enough to elicit muscle contrac-
tion. If participants experienced a muscle contraction 
from the TENS they were instructed to decrease the 
intensity until no muscle contraction was felt, while 
still maintaining a sensory stimulus. Participants were 
instructed to maintain this sensation throughout each 
treatment session by adjusting intensity.  21   

 Placebo TENS patients received the same stimula-
tors, and were instructed to increase the intensity 
until they felt a sensory stimulation. Following 30 
seconds of stimulation, placebo TENS units were 
programmed to automatically gradually decrease 
the current over 10 seconds until no electricity was 
emitted. Participants were told that the current 
parameters were set to a subsensory level and the 
unit was delivering the treatments as long as the 
indicator light was on. Participants were instructed 
to maintain the intensity at a level of “5” throughout 
the day. Compliance with both the active and pla-
cebo TENS was collected with self – report data 
sheets, upon which participants documented the 
number of hours the unit was used each day.   

 Therapeutic Exercise 
 Participants in all three groups received quadriceps 
strengthening for their involved leg three times per 

 Maximal Voluntary Isometric Contraction 
Torque, Central Activation Ratio and Knee 
Pain Measurements 
 For both the MVIC and CAR testing, participants 
were secured to a dynamometer (Biodex™ System 3 
Pro; Biodex™ Medical Systems, Shirley, NY) with hips 
flexed to 85°, and 70° of knee flexion.  21   All landmarks 
were properly aligned with the dynamometer, while 
the stimulating electrodes were positioned over the 
distal vastus medialis and proximal vastus lateralis 
and secured to the thigh with an elastic bandage.  20   

 Prior to testing, participants pedaled a stationary 
bicycle at a self- selected speed for 5 minutes, and a 
graded isometric warm-up was conducted on the 
dynamometer in order to assure that subjects were 
able to exert maximal effort during the test and were 
accustomed to the electrical stimulus.  20 , 21 , 23   In addi-
tion to submaximal trials, participants performed 2 to 
4 practice MVICs until the investigator was confident 
that each subject was able to exert maximal effort. 

 During CAR testing, an exogenous electrical stimulus 
was applied to the quadriceps muscles using a Grass 
stimulator (S88, Grass Telefactor, West Warwick, RI) 
and a stimulation isolation unit (SIU8T, Warwick, RI) 
to elicit a superimposed twitch that which would be 
used to determine the maximal force generation capac-
ity of the quadriceps. A superimposed electrical stimu-
lation was delivered by the test administrator when a 
maximal plateau in force had been reached.  20 , 21 , 23   As 
previously reported  20 , 21   the exogenous stimulus con-
sisted of a 100ms train of 10 stimuli at 100 Hz consist-
ing of a phase duration of 600μs applied to each subject 
at 125 volts. Two trials, separated by a 60 second rest 
period, were performed to ensure that 2 acceptable tri-
als could be averaged at each testing session.  21   

 Knee pain was assessed during a MVIC trial separate 
from those using a supramaximal stimulation to 
assess quadriceps central activation and MVIC. Dur-
ing this MVIC, participants were asked to think 
about their knee pain during the MVIC and rate the 
intensity on a 10cm visual analog scale. The left side 
of the line indicated “absolutely no pain” while the 
right side indicated the “worst pain imaginable”.  21     

 Transcutaneous Electrical Nerve Stimulation 
 The Select System TENS unit (EMPI, Inc., St. Paul, 
MN) was used in both the active and placebo groups 
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 The peak force (F SIB  + F MVIC ) value and the maximal 
voluntary contraction value (F MVIC ) were calculated 
from the mean of the two best separate trials at each 
time in the series, when the superimposed burst was 
applied. F MVIC  was calculated from a 0.15 second 
time epoch immediately prior to the administration 
of the exogenous electrical stimulus. All MVICs were 
reported separately as Nm/Kg. The mean value of 
the voluntary force plateau was divided by the peak 
value of the force produced by the superimposed 
burst. Percent change scores were calculated by sub-
tracting the posttest measurement from the baseline 
measurement and dividing this difference score by 
the baseline measurement. Pain scores were quanti-
fied by measuring tick marks in mm from “abso-
lutely no pain” with higher numbers indicating 
higher perceived pain (100 mm max).   

 Statistical Analysis 
 Four separate paired t-tests were performed to assess 
if differences existed in K-L scores, CAR, MVIC, and 
pain values between involved and uninvolved legs 
among the entire sample. A Bonferroni correction 
(P = 0.05/4 = 0.013) was used to insure the family 
wise error rate was maintained. Three separate 3 x 3 
analyses of variance with repeated measures on 
time were conducted to determine if quadriceps 
CAR, MVIC and pain scores were different in the 
uninvolved leg between intervention groups over 
time. Sheffe’s tests were used post hoc to evaluate 

week during a 4-week treatment period, for a total of 
12 sessions. The therapeutic exercise sessions were 
supervised by either an experienced certified ath-
letic trainer or licensed physical therapist. The clini-
cal goals of the 4-week rehabilitation program were 
to 1) increase lower extremity knee, hip, and ankle 
range of motion 2) increase quadriceps, hamstring, 
hip abductor, hip adductor, gastrocnemius and soleus 
strength and 3) increase function through squat, 
stair stepping and balance exercises, as well as 4) 
decrease pain in the subjects involved leg, specifi-
cally. Strengthening exercises were systematically 
progressed using the daily adjustable progressive 
resistive exercise (DAPRE) system ( Table 2 ). All par-
ticipants were challenged to increase weight as 
directed by the DAPRE system, while maintaining 
no more than minimal discomfort throughout the 
exercise session.  12   Although the therapeutic exercise 
was intentionally targeting the quadriceps of the 
involved leg some required the use of both legs and 
the complete program is described in  Table 2 .    

 Data Analysis 
 All raw torque data was low-pass filtered at 15 Hz. 
CAR was calculated by dividing the force measure-
ments of the maximal voluntary contraction (F MVIC ) 
by that of the force produced by the superimposed 
burst (F SIB ) plus the MVIC (F MVIC ;  Equation 1 ) as pre-
viously performed.  21 , 23   

 Equation 1  CAR = (F MVIC ) / (F SIB  + F MVIC )

 Table 2.      Outcome Measure Means (SD) Over the 4 Week Intervention for the Contralateral Side.  
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compared to baseline scores respectively ( Table 2 ). 
Effect sizes were small at both 2 and 4-weeks for 
CAR in the placebo and control group. It should be 
noted that effect sizes all cross 0 indicating no defin-
itive effect is present ( Table 3 ).  

 There were no significant differences in MVIC over 
time, yet there was a main effect for group (P=0.03, 
1-� = 0.7). TENS MVICs were significantly higher 
than the placebo MVIC (P =.04), while control 
MVICs did not statistically differ from TENS (P = 
0.6) or the placebo group (P = 0.2). Moderate within 
group effect sizes were found at 2-weeks for the 
TENS groups (d = 0.73), while all other effect sizes 
were found to be small or weak. Similar to the CAR, 
95% confidence intervals for the MVIC all crossed 0, 
suggesting that the magnitudes of these effect sizes 
are not definitive. 

 Similarly to MVIC, there were no significant differences 
over time for pain (P=0.5, 1-� = 0.2), while there was 
a significant main effect for pain between groups (P = 
0.03, 1-� = 0.7). Multiple comparisons found no statisti-
cal differences between control and placebo (P = 0.06) 
or control and TENS groups (P = 0.99). Additionally 
there was no difference between TENS and placebo 
(P=.09). Moderate effect sizes, all with 95% confidence 
intervals that cross 0, for pain were found in the TENS 
group at 4-weeks (d = -0.67), while all other pain effects 
were weak or small (refer to  Table 3 ). 

multiple comparisons when appropriate. Cohen’s 
standardized effect sizes with 95% confidence inter-
vals were calculated for all groups at each post test 
for CAR, MVIC (Nm/kg) and pain by subtracting the 
posttest score from the baseline score and dividing 
the difference by the pooled standard deviation. 
Additionally, Pearson product moments were calcu-
lated to assess the relationship between the change 
in involved and the change in uninvolved CAR 
scores at 2 and 4 weeks. The alpha level was set a 
priori at P � 0.05. All statistical analyses were per-
formed with SPSS for windows (Version 16.0; SPSS, 
Chicago, Illinois).    

 RESULTS 
 K-L Scores were significantly higher in the involved 
leg when compared to the uninvolved leg (3 � .9 vs 
1.9 � 1.3, P � 0.01) in all participants. Additionally, 
the involved leg displayed lower CARs (.79 � .1 vs 
.85 � .13, P =0.007) and normalized MVICs (1.7 � 

0.75 vs 2.3 � 0.8, P � 0.001) and higher pain scores 
(20.4 � 14.8 vs 7.75 � 9.1, P � 0.001) compared to the 
uninvolved leg at baseline. 

 No significant differences were found in the unin-
volved limb between groups (P = 0.3, 1-� = 0.2) or 
over time (P = 0.2, 1-� = 0.3) for CAR. No group by 
time interaction was found for CAR (P = 0.5, 1-� = 
0.3). Strong to moderate effect sizes were found 
for CAR at 2 (d = 0.87) and 4-weeks (d = 0.54) 

 Table 3.      Effect Sizes (95% Confi dence Intervals) for Outcome Means Over the 4 Week Intervention for 
the Contralateral Side.  
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effect in this population. Additionally the lack of a 
significant group difference may represent insuffi-
cient statistical power. This sample used in the cur-
rent study was derived from a previous study  21   that 
found strong immediate involved leg CAR effects of 
TENS in a similar population. While strong effects 
may be anticipated following a TENS intervention 
for quadriceps CAR in the involved leg, effects of the 
same magnitude may not be plausible in the unin-
volved leg. 

 Quadriceps CAR contributes to muscle strength and 
functional abilities in people with TFOA.  17   Quadri-
ceps MVIC in the TENS groups was significantly 
higher than the placebo group across time, while no 
differences were found between any other group 
means. This finding was likely due to the placebo 
group having a lower baseline uninvolved normal-
ized MVIC than the TENS group. There was a ten-
dency for the MVIC in the TENS group to increase, 
resulting in moderate effect sizes at 2-weeks, the pla-
cebo mean slightly decreased over those time peri-
ods ( Tables 2  and  3 ). It is most interesting to note 
that at 2- weeks, the TENS group showed a moderate 
positive effect size indicative of increased MVIC, 
while control and placebo effects remained small 
despite the equivalent exercise programs ( Table 3 ). 
It is not clear why these moderate TENS effects 
found at 2-weeks decreased at 4 weeks, yet it may be 
indicative of some accommodation to the TENS 
stimulus. Additionally, greater standard deviations 
were found for contralateral quadriceps CAR at 
4-weeks compared to 2-weeks. This increased vari-
ability in the CAR outcome measure may have acted 
to decrease the effect size point measure. Again, 
there should be caution in the interpretation of these 
strong to moderate effect sizes as all the confidence 
intervals do cross 0, indicating the lack of assurance 
in these effect size point measures. 

 TENS has conventionally been utilized as a modality 
to treat pain. While the influence of pain on voli-
tional activation deficits remains under investiga-
tion, previous data has suggested that changes in 
pain and quadriceps activation may not be related.  24   
Although significant differences were not found 
between groups, moderate TENS effect sizes were 
found 4-weeks following the initiation of the inter-
vention ( Table 3) . While our data seem to indicate 

 Change in uninjured CAR at 4-weeks (r 2  = .19, P = 
0.01) explained a significant but small amount of vari-
ance of the change in injured CAR but not at 2-weeks 
(r 2  = .04, P = 0.3). Similarly, the change in uninjured 
MVIC at 4-weeks (r 2  = .23, P = 0.009) explained a 
significant amount of variance of the change in 
injured CAR but not at 2-weeks (r 2  = .09, P = 0.09).   

 DISCUSSION 
 Quadriceps activation failure has been reported fol-
lowing a variety of different knee joint injuries.  7   This 
activation failure has been commonly reported in 
people with tibiofemoral osteoarthritis  1 , 2 , 16 , 17   and has 
been found to be a moderator of physical function.  4   
Bilateral deficits in quadriceps activation have been 
reported following unilateral joint injury, which has 
been hypothesized to be caused by central nervous 
system modulation.  27   The current study was the first 
to evaluate if a disinhibitory treatment on the involved 
extremity would alter quadriceps activation on the 
uninvolved extremity. The working hypothesis was 
that quadriceps activation in the uninvolved leg 
would increase in the group that received TENS in 
conjunction with therapeutic exercise to the involved 
leg. However, no difference in quadriceps CAR 
between groups following the intervention was found. 

 The mean quadriceps CAR in the involved leg was 
lower than in the uninvolved leg at baseline ( Table 1  
and  2 ). Researchers  9 , 24 , 25   have suggested that a CAR of 
less than .95 indicates significant quadriceps inhibi-
tion. All group means for uninvolved CAR were 
between .84 and .86, suggesting bilateral inhibition 
in our sample ( Table 2 ). Although CAR was not statis-
tically different between the TENS, placebo and con-
trol groups, strong and moderate CAR effect sizes 
were found between pre and posttest measures for 
the TENS group at 2 and 4 weeks respectively ( Table 
3 ). It should also be noted that no or small negative 
effects were found for the control and placebo groups 
at both post tests, suggesting that practical CAR 
effects in the uninvolved limb were non-existent for 
these groups ( Table 3 ). The presence of these strong 
to moderate TENS effect sizes is clouded by the cor-
responding 95% confidence that all cross 0. Although 
the magnitude of the effect size point measures are 
strong, the corresponding wide confidence intervals 
may provide further evidence to the insignificant sta-
tistical results indicating the lack of a contralateral 
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central nervous system as excitatory resulting in the 
facilitation of inhibited motor neuron pools.  9 , 21 , 22   All 
CAR, MVIC and pain testing in the current study was 
performed when the TENS current was interrupted, 
suggesting that all moderate to strong effects the 
uninvolved limb were sustained in the absence of an 
active excitatory TENS current on the involved knee. 
The moderate to strong effects and significant corre-
lations found by the current authors suggest that 
these possible bilateral central nervous system adap-
tations may occur due to plastic changes in neural 
networks that were functional in the absence of the 
electrical current. While the exact neurophysiology 
behind bilateral inhibition and disinhibition remains 
undescribed, this data may offer promising evidence 
to suggest that these deficits may be affected by use 
of TENS in conjunction with therapeutic exercise. 

 The current study is not without limitations. 
Although the previous study  21  , from which the sub-
jects for this experiment were gleaned reported sig-
nificant differences in the involved leg of patients 
following TENS with similar sample sizes, this inves-
tigation failed to find significant differences. This is 
likely a product of low statistical power stemming 
from a sample size that was relatively small in order 
to demonstrate statistical differences with effects 
that were lower that previous data. Although moder-
ate to strong effect sizes were reported for CAR, 
MVIC and pain in the TENS group, 95% confidence 
intervals all crossed zero, suggesting that definitive 
conclusions regarding the existence of similar effects 
for these outcomes will be present in subsequent 
samples ( Table 3 ). Classification by the current 
authors of the uninvolved limb was based substan-
tially on the fact that there was less perceived dys-
function in this side, which does not mean that 
osteoarthritis was not present on this side as well. 
Previous authors  26   have suggested that seemingly 
low levels of osteoarthritis not easily distinguishable 
with radiographs may have effects on decreasing 
CAR. This means that quadriceps CAR deficits in the 
uninvolved leg may have actually been a product of 
osteoarthritis in that leg as well as any bilateral 
effects that may have been caused by the involved 
leg. Nevertheless, this experiment was the first to 
evaluate the possible effects of bilateral disinhibiton 
following unilateral intervention, which has produced 

that the time points with the largest effects for CAR 
(2-weeks) do not correspond with the time points for 
the largest effects for decreased pain (4-weeks), no 
definitive conclusions about the nature of the rela-
tionship between CAR and pain can be made. While 
it is reasonable that increased effects in CAR could 
lead to moderate effects for pain, much of this is 
speculative and lacks substantive evidence. Further 
evidence is needed to not only determine the effects 
of disinhibition on pain in the involved leg, but also 
to determine if disinhibition directly effects pain in 
the uninvolved side. It should be noted that the 
visual analog pain score means in the uninvolved 
leg were all � 10.1 out of a possible 100 at baseline. 
This is likely because the uninvolved knee was mea-
sured, meaning this knee was either asymptomatic 
or at the very least self-reported to be more func-
tional when compared to the involved leg. Therefore 
the low pain scores at baseline represent the relative 
absence of pain, which may be the reason that a 
change in pain status was not found. 

 Change in uninvolved quadriceps CAR was found to 
explain a significant, but small amount of change in 
CAR (19%) and MIVC (23%) of the involved leg at 
4-weeks. Although significant differences were not 
found between groups, these significant correlations 
in conjunction with moderate to strong effect sizes 
for uninvolved CAR in the TENS group may be evi-
dence for continued research in the effects of bilat-
eral disinhibition. Additionally, this data suggests 
that increased CAR and MVIC in the uninvolved leg 
is responsible for approximately 20% of the increase 
in those measures on the involved quadriceps. Clini-
cally, this may be evidence to suggest that effort 
spent directing disinhibiting the uninvolved leg may 
have positive beneifts on activation and strength 
outcomes on the involved side. While treatment of 
the uninvolved extremity will likely increase ther-
apy cost, further evidence should be gathered to 
determine if bilateral disinhibitory interventions on 
therapeutic outcomes are cost and time efficient. 

 Previous authors have concluded that the neural 
drive is immediately increased during the active 
administration of sensory TENS current,  9 , 21   and that 
TENS immediately diminishes the excitatory effect 
upon removal.  10   Current theories suggest that TENS 
provides increased afferent stimuli interpreted by the 
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neuromuscular stimulation decrease arthrogenic 
muscle inhibition of the vastus medialis after knee 
joint effusion .  Journal of Athletic Training.   2002 ; 
 37 ( 1 ):  25 - 31 .  

  9.        Kent-Braun   JA   ,    Le Blanc   R   :  Quantitation of central 
activation failure during maximal voluntary 
contractions in humans .  Muscle & Nerve.   1996 ;  19 ( 7 ): 
 861 - 869 .  

  10.        Knight   KL   :  Knee rehabilitation by the daily adjustable 
progressive resistive exercise technique .  American 
Journal of Sports Medincine.   1979 ;  7 ( 6 ):  336 - 7 .  

  11.        On   A   ,    Uludag   B   ,    Taskiran   E   ,    Ertekin   C   :  Differential 
corticomotor control of a muscle adjacent to a 
painful joint .  Neurorehabilitation and Neural Repair.  
 2004 ;  18 :  127 - 133 .  

  12.        Palmieri-Smith   R   ,    Thomas   A   :  A neuromuscular 
mechanism of posttraumatic osteoarthritis 
associated with ACL injury .  Exercise and Sports 
Science Reviews.   2009 ;  37 ( 3 ):  147 - 153 .  

  13.        Palmieri-Smith   RM   ,    Thomas   AC   ,    Wojtys   EM   : 
 Maximizing quadriceps strength after ACL 
reconstruction .  Clin Sports Med.   2008 ;  27 ( 3 ):  405 - 24 .  

  14.        Palmieri   RM   ,    Ingersoll   CD   ,    Hoffman   MA   , et al    .  : 
 Arthrogenic muscle response to a simulated ankle 
joint effusion .  British Journal of Sports Medicine.   2004 ; 
 38 ( 1 ):  26 - 30 .  

  15.        Palmieri   RM   ,    Tom   JA   ,    Edwards   JE   ,     et al.  : 
 Arthrogenic muscle response induced by an 
experimental knee joint effusion is mediated by 
pre- and post-synaptic spinal mechanisms . 
 J Electromyogr Kinesiol.   2004 ;  14 ( 6 ):  631 - 40 .  

  16.        Pap   G   ,    Machner   A   ,    Awiszus   F   :  Strength and 
voluntary activation of the quadriceps femoris 
muscle at different severities of osteoarthritic knee 
joint damage .  Journal of Orthopaedic Research.   2004 ; 
 22 ( 1 ):  96 - 103 .  

  17.        Petterson   SC   ,    Barrance   P   ,    Buchanan   T   ,    Binder-
Macleod   S   ,    Snyder-Mackler   L   :  Mechanisms 
Underlying Quadriceps Weakness in Knee 
Osteoarthritis .  Medicine & Science in Sports & Exercise.  
 2008 ;  40 ( 3 ):  422 .  

  18.        Pietrosimone   B   ,    Saliba   S   ,    Hart   J   ,    Hertel   J   ,    Kerrigan   D   , 
   Ingersoll   C   :  Effects of Disinhibitory Transcutaneous 
Electrical Nerve Stimulation on Sagittal Plane 
External Knee Kinematics and Kinetics in People 
with Knee Osteoarthritis during Gait: A Randomized 
Controlled Trial .  Clinical Rehabilitation.  In Press.  

  19.        Pietrosimone   B   ,    Saliba   S   ,    Hart   J   ,    Hertel   J   ,    Kerrigan 
  D   ,    Ingersoll   C   :  Effects of Transcutaneous Electrical 
Nerve Stimulation in Conjunction with Therapeutic 
Exercise on Quadriceps Activation and Self Reported 
Function in People with Tibiofemoral Osteoarthritis  
 In Review .  

interesting data suggesting further investigation into 
the benefits and mechanisms contributing to this 
possible phenomenon. 

 In conclusion, there were no significant differences 
between groups for uninvolved quadriceps CAR or 
pain, while MVICs in the TENS group remained 
increased compared to the placebo group through-
out the 4-week intervention. Moderate to strong 
uninvolved CAR, MVIC and pain effect sizes were 
found in the TENS group, while all corresponding 
95% confidence intervals crossed 0. Significant cor-
relations suggested that changes in uninvolved CAR 
and MVIC at 4-weeks explain 19% and 23% of the 
variance in the change of those measures in the 
involved leg.   
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ABSTRACT
Study Design: Clinical Measurement, Correlation, Reliability

Objectives: To assess the relationship between the Single Leg Balance (SLB), modified Balance Error Scor-
ing System (mBESS), and modified Star Excursion Balance (mSEBT) tests and secondarily to assess inter-
rater and test-retest reliability of these tests.

Background: Ankle sprains often result in chronic instability and dysfunction. Several clinical tests assess 
postural deficits as a potential cause of this dysfunction; however, limited information exists pertaining to 
the relationship that these tests have with one another.

Methods: Two independent examiners measured the performance of 34 healthy participants completing 
the SLB Test, mBESS test, and mSEBT at two different time periods. The relationship between tests was 
assessed using the Pearson Correlation and Fisher’s Exact Tests. Inter-rater and test-retest reliability were 
assessed using the intraclass correlation coefficient (ICC) and Kappa statistics.

Results: A significant correlation (r = -0.35) was observed between the mSEBT and the mBESS. Fisher’s 
Exact Test showed a significant association between the SLB Test and mBESS (P = .048), but no association 
between the SLB and mSEBT (P = 1.000). Inter-rater reliability was excellent for the mSEBT and fair for the 
mBESS (ICCs of .91 and .61 respectively). Excellent agreement was observed between raters for the SLB test 
(� = 1.00). Test-retest reliability was excellent for the mSEBT (ICC = 0.98) and fair for the mBESS (ICC = 
0.74). There was poor test-retest agreement for the SLB test (� = .211). 

Conclusion: There was a significant relationship observed between the SLB Test, mBESS test, and mSEBT: 
however; strength of association measures showed limited overlap between these tests. This suggests that 
these tests are interrelated but may not assess equal components of postural stability.

Key Words: reliability, postural stability, star excursion balance test, single leg balance, balance error scor-
ing system
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the BESS (mBESS), and mSEBT tests, utilizing the 
mSEBT as the criterion measure for identifying pos-
tural deficits. A secondary purpose of this study was 
to assess inter-rater and test-retest reliability of these 
3 tests. If the SLB and mBESS tests demonstrate strong 
relationships with the mSEBT and are reliable to per-
form, clinicians may opt for a simpler, less resource 
intensive measure to assess postural stability.

METHODS

Subjects
Thirty-four volunteers from the United States Mili-
tary Academy, West Point, New York enrolled in the 
study. They were included if they were generally 
healthy and between the ages of 17 and 25. Partici-
pants were excluded from the study if they reported 
any history of lower extremity or head injury (con-
cussion) within the previous 12 weeks, a history of 
ankle sprain within the past twelve months, any 
inner ear disturbance at the time of testing, or a his-
tory of prior ankle surgery. Participants were also 
excluded if they were currently in a boxing course or 
boxing club due to an increased risk of concussion 
and potential loss to follow-up testing (Figure 1). 
This study was reviewed and approved by the Insti-
tutional Review Board at Keller Army Hospital (West 
Point, NY) with secondary review by the U.S. Army 
Clinical Investigation Regulatory Office (Ft. Sam 
Houston, TX). All participants read and signed an 
informed consent and HIPPA addendum form prior 
to enrollment and the rights of all participants were 
protected throughout the study. 

Procedures 
Participants were randomly assigned a sequence in 
which they were to perform the SLB Test, mBESS 
test, and mSEBT (Figure 1). Each participant was 
given a brief orientation and demonstration of the 
testing procedures. Testing was performed in a semi-
private area with the participant barefoot, wearing 
loose fitting shorts and a t-shirt. The subject’s domi-
nant leg (one he or she kicked with) was always 
tested first. Participants were allowed to practice 
each test prior to performance to minimize learning 
effect, and they received a minimum of a one min-
ute rest period between each test. One practice 
attempt was allowed for the SLB and mBESS tests, 

INTRODUCTION
Ankle sprains are the most common traumatic 
injury in sports, with injury rates among athletes 
between 12-33%.1, 17, 22, 24, 25 Athletes who participate 
in sports that require sudden stopping, planting, and 
cutting such as football, soccer, and basketball are 
especially vulnerable to these injuries.2, 4, 10, 18, 19, 26 
Full recovery after an ankle sprain is often time con-
suming and incomplete. Because ankle sprains 
account for 16-23% of all sport injury time lost, and 
athletes commonly report lingering dysfunction, it 
is important to determine reliable methods to iden-
tify individuals at risk to ankle sprains and to develop 
preventative initiatives to reduce their risk.11, 17

One risk factor associated with an increased inci-
dence of ankle sprains is impaired postural stability.3, 

6, 8, 9, 29-31, 34 Researchers commonly report that there is 
an established relationship between postural stability 
deficits and chronic ankle instability5-8, 30, 32 To iden-
tify those who have an increased risk for ankle 
sprains (both first time and recurrent), devices such 
as stabilometry have been effectively used to objec-
tively assess postural stability.18 The disadvantages 
with stabilometry are that it is expensive, time con-
suming, and not readily available to most clinicians. 
In contrast, several clinical measures of postural sta-
bility such as the Single Leg Balance (SLB) test, Bal-
ance Error Scoring System (BESS), and the modified 
Star Excursion Balance Test (mSEBT) are inexpen-
sive, quick to administer, and typically accessible in 
clinical and field settings. Poor performance on these 
tests may also prove to be an indicator that a person 
has an increased risk of a future ankle sprain.

The development, utilization, and understanding of 
these measures of postural stability are in the begin-
ning stages. Of the commonly used clinical and field 
measures of postural stability, the mSEBT appears to 
be the “gold standard”. However, while the mSEBT has 
shown consistently strong inter-rater and intra-rater 
reliability, it is more time consuming than the SLB 
and BESS.13-16, 20, 23 The latter assessments are rela-
tively new tests for predicting lower extremity injury 
and have demonstrated varying degrees of reliability 
in assessing impaired postural stability.7, 21, 27, 28, 33 

The primary purpose of this study was to assess the 
relationship between the SLB, a modified version of 
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other, the ipsilateral foot moved on the floor, the 
contralateral foot touched down, the eyes opened, 
or the arms moved from their start position. If the 
participant had a positive test (failed to remain bal-
anced) during the first trial, a second trial was per-
formed, with the results of the second trial counting 
for analysis. 

Docherty et al7 noted in their BESS study on athletes 
that there was no statistical difference during the 
test between subjects with and without functional 
ankle instability in the double leg stance positions 
and the tandem stance on a firm surface. Due to 
these results, a modified BESS (mBESS) test was 
derived by this facility for this study in attempts of 
creating a clinical test that would be appropriate for 
testing athletes with impaired postural stability. The 
mBESS test was performed by having participants 
stand unsupported with their eyes closed under 6 
conditions: 3 different stances (single-limb domi-
nant, single-limb non-dominant, and tandem with 

and a minimum of one and maximum of 6 practices 
for the mSEBT as per the protocol of Hertel et al.15 

To examine inter-rater reliability, two examiners per-
formed assessments independently at the same time 
during the balance tests. To examine test-retest reli-
ability, the subjects were scheduled for re-testing 
approximately 15-28 days (mean = 23 days) after the 
initial test to minimize a potential learning effect33. 
Participants were again randomly assigned a sequence 
of balance testing for the second assessment. 

Postural Stability Testing
The SLB test was performed in accordance with the 
Trojian protocol.28 Participants stood on one foot 
with the contralateral knee slightly bent and not 
touching the weight bearing leg, hips level to the 
ground, and eyes open and fixed on a spot marked 
on the wall. Once participants had obtained their 
balance, they closed their eyes for 10 seconds. Inves-
tigators noted if the participant’s legs touched each 

Figure 1. Flow of participants through each stage of the study.
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the intersection of 3 lines (Figure 2) with the most 
distal aspect of their stance limb great toe at the 10 cm 
line. Participants maintained single-leg stance while 
reaching with the contralateral leg to touch as far as 
possible along the chosen line. All participants were 
given the same instructions: to maintain foot-flat 
stance during the test maneuver. If the foot moved at 
any time during the test, the test was stopped, the 
foot repositioned, and the test repeated. They touched 
the furthest point possible on the line with the most 
distal part of their foot as lightly as possible so that 
the reach leg did not provide any significant support 
in the maintenance of upright posture. The examin-
ers marked the point touched along the line and then 
manually measured the grid. The participant repeated 
this three times on each line, and completed all three 
lines for a total of 9 reaches. The distance reached 
was averaged and recorded for each direction and 
also summed to produce the participant’s total mSEBT 
score. In addition, data was normalized as recom-
mended by Gribble et al12 by dividing the average 
reach distance by the participant’s leg length, and 
then multiplying the value by 100. 

Statistical Analysis
Descriptive statistics for categorical and continuous 
variables were calculated to summarize the data. Tests 
for outliers and assumptions for utilization of the statis-
tical tests were performed. Separate one-way ANOVAs 
were performed to assess for significant differences in 
the total mBESS and mSEBT scores. The independent 
variable evaluated was whether subjects passed or 
failed the SLB test. Plots of the means were performed 
to demonstrate the relationships between each of these 
tests, and the SLB. Pearson Correlation studies were 
performed between continuous data of the mSEBT and 
mBESS. To allow for correlational analysis between the 
SLB, the data for the mSEBT and mBESS was collapsed 
to nominal, dichotomous data. This was done by deter-
mining if an individual would be considered “positive” 
or “negative” based on the performance on the test. 
A “positive” for these tests was operationally defined as 
poor postural stability. For the mSEBT, a participant 
was considered “positive” if he or she demonstrated a 
dominant to non-dominant difference of ≥4 cm.23 For 
the mBESS, a participant was considered “positive” if 
the number of balance errors during the test was 
greater than one standard deviation above the mean 

dominant foot in front) on 2 different surfaces (a 
firm surface {floor} and a foam surface). The foam 
surface conditions were performed on a block of 
3-inch thick Aeromat medium-density foam. For 
each condition, participants were instructed to place 
their hands on their hips, close their eyes, and 
remain as motionless as possible for 20 seconds. Par-
ticipants were instructed to return to the test posi-
tion as quickly as possible if they were to lose their 
balance. During each trial, researchers recorded one 
error for each time they observed any of the follow-
ing: 1) lifting hands off iliac crests; 2) opening eyes; 
3) stepping, stumbling, or falling; 4) moving the hip 
into more than 30 degrees of flexion or abduction; 5) 
lifting the forefoot or heel; 6) remaining out of the 
testing position for more than five seconds. During 
pilot testing, the two testers used a goniometer to 
determine the 30 degree hip flexion limit. Subse-
quently, the testers used a marking on the wall for a 
visual reference to determine if subjects had moved 
into greater than 30 degrees of hip flexion. The total 
number of errors for each test condition was scored 
individually and also summed to produce the par-
ticipant’s total mBESS score.  

The mSEBT was performed as described by Plisky 
et al.23 Participants stood with their foot centered at 

Figure 2. Modifi ed Star Excursion Balance Test with reach 
directions labeled in reference to the right stance foot.
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Similarly, subjects who failed the SLB also had sig-
nificantly lower mSEBT total scores, which also rep-
resent poorer postural stability (P = .025) compared 
to those who passed the SLB test (Table 1). A plot of 
the means of the mBESS and mSEBT by outcome on 
the SLB is presented in Figure 3. A significant (P < 
.05) correlation (r = -0.35) was observed between 
the mSEBT and the mBESS (Figure 4). Subjects with 
poorer postural stability scores on the mSEBT also 
seemed to have poorer postural stability scores on 
the mBESS. Strength of association measures sug-
gest that the total mBESS score accounts for approxi-
mately 12% of the variability in the mSEBT score (r2 = 
0.12). When scores from the mBESS and mSEBT 
were collapsed, Fisher’s Exact Test revealed a signifi-
cant association between the SLB Test and the 
mBESS (P = .048), but no association was observed 
between the SLB and mSEBT (P = 1.00). 

Reliability
Inter-rater reliability was excellent for the mSEBT and 
fair for the mBESS (ICCs of 0.91 and 0.61 respectively) 

for the sample. Using the collapsed data, Fisher’s Exact 
Tests were performed between the SLB, the mSEBT 
and mBESS tests to assess associations between pos-
tural stability assessments. The intraclass correlation 
coefficients (ICCs) and Kappa statistic were calculated 
for inter-rater and test-retest reliability and measure of 
agreement. The � value was set at p < .05 for all tests. 
Data was analyzed using SPSS Statistics v. 18.0 (SPSS, 
Inc., Chicago, IL). 

RESULTS
Thirty-four participants (20 males, 14 females; mean 
ages of 20.9 ± 1.92 and 20.43 ± 2.21 years respec-
tively) enrolled and completed the study. Twelve of 
the 34 participants failed to maintain balance on the 
SLB during one of the 2 testing periods. Of those 
twelve, 4 failed only during the first testing period, 5 
failed only during the second testing period, and 3 
failed during both testing periods. The mean num-
ber of total errors on the mBESS was 16.5 ± 7.6. Most 
errors occurred while testing the non-dominant leg 
on the foam surface (4.5 ± 2.0 errors) while the few-
est errors occurred while testing tandem on firm 
surface (0.8 ± 0.9 errors). Five participants demon-
strated a dominant to non-dominant difference of 
>4 cm on the mSEBT. The duration for each test 
(from explanation to completion) was approximately 
78 seconds for the SLB, 273 seconds for the mBESS, 
and 311 seconds for the mSEBT. The authors of this 
paper are confident that no learning effect was 
observed between trials, as subject performance did 
not improve during the second trials. 

Associations between tests
Subjects who failed the SLB test made significantly 
more errors when performing the mBESS (P = .005), 
suggesting that they had poorer postural stability 
when compared to those who passed the SLB. 

Table 1. ANOVA Table - Associations between the SLB and mBESS Tests and the 
SLB and mSEBT Tests.

Figure 3. Plot of the mean values of the SLB vs. the mBESS 
and mSEBT total values.
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a significant association between the 2 static tests, but 
not between the SLB and the mSEBT. Additionally, 
while there was a significant correlation between the 
mBESS and mSEBT, the relationship was not as strong 
as we would have anticipated (r = -0.35). This sug-
gests that only 12% of the variability in scores of one 
test can be explained by the results of the other test. 
Practically, this means that while these tests are inter-
related it appears they do not measure the same com-
ponent of postural stability. The SLB test is a simple, 
static pass/fail test that may be strongly influenced 
by external factors that provided only nominal data. 
As the subject is only provided a maximum of two 
opportunities to test, little room for error is available 
for a “bad test”. The mBESS is also a static test, but 
provides a greater amount of continuous data and 
tests six postural positions. If a participant has diffi-
culty in a single position, the poor performance may 
be less apparent in their overall score if they perform 
well on the remaining tests. The mSEBT is a dynamic 
functional test that averages the performance of three 
trials in each direction, diminishing the potential 
effect of a single outlying (poor) performance.

The SLB test is a clinically alluring measure of pos-
tural stability as it is the most efficient, least 

(2,1). Excellent agreement was observed between rat-
ers for the SLB test (� = 1.00) (2,k). Test-retest reliabil-
ity was excellent for the mSEBT (ICC = 0.98) (2,1) and 
fair for the mBESS (ICC = 0.74) (2,1). There was poor 
test-retest agreement for the SLB test (� = 0.21) (2,k). 

DISCUSSION
The primary finding of this study was that while 
there was a significant relationship between several 
clinical postural stability tests, the strength of asso-
ciation was limited. This suggests that these tests 
may be interrelated but may not assess similar com-
ponents of postural stability. Secondarily, of these 
three clinical measures of postural stability, the 
combination of inter-rater and test-retest reliability 
is highest for the mSEBT. 

Because the SLB, mBESS, and mSEBT are all mea-
sures of postural stability, the authors of this study 
hypothesized there would be a strong relationship 
between the tests. However, the results do not sup-
port this hypothesis. Despite the similarities between 
the three tests, there is one fundamental difference 
between these tests. The SLB and the mBESS are 
static tests, whereas the mSEBT is a dynamic, func-
tional test. This could explain why the authors found 

Figure 4. A signifi cant (p<.05) but weak correlation was observed between the modifi ed Star Excursion Balance Test and 
modifi ed Balance Error Scoring System.
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study, however, to demonstrate both excellent inter-
rater and test/retest reliability. These findings are 
consistent with others who have studied reliability 
using the mSEBT.15, 16 In addition, the mSEBT has 
been shown extensively to be sensitive in identifying 
postural stability deficits.13, 14, 16, 20, 23 While it would be 
appealing to use a more efficient and easier test, ulti-
mately, the results of the current study support that 
in the clinical setting where stabilometry is not acces-
sible, the mSEBT should continue to be considered as 
the best available criterion measure to assess pos-
tural stability. However, as discussed above, it should 
be noted that the mBESS and mSEBT may assess dif-
ferent components of postural stability (i.e., static 
versus dynamic postural stability). Further investiga-
tion is needed to determine how these measures 
may complement each other in assessing static and 
dynamic aspects of postural stability as well as deter-
mining the potential role of these assessments in 
injury screening and prevention initiatives. 

Some limitations associated with this study should 
be noted. This study was performed on a relatively 
small sample size, only using healthy individuals. 
Stronger relationships between the postural stability 
tests may have been observed if both injured and 
uninjured participants were tested. It is possible that 
a ceiling effect was observed in this study as these 
tests simply may not have been sensitive enough to 
discriminate postural stability differences in healthy 
individuals. Perhaps the results would have been dif-
ferent for example in those with ankle pathology. 
Therefore, future research looking at a larger sam-
ple that includes both injured and uninjured indi-
viduals would be beneficial. Additionally, no controls 
were instituted for a variety of external factors that 
could affect performance between testing periods. 
Several factors such as fatigue, time of day, activities 
prior to the testing, amount of sleep the night prior, 
concentration, and a multitude of other factors could 
have affected the ability of participants to perform 
on these postural stability tests. While it is possible 
that controlling such factors could have improved 
test/retest reliability, these factors realistically are 
not controlled for in most clinical settings. Given the 
variety of external factors that could have negatively 
affected participants’ performance over time, the 
excellent test/retest reliability demonstrated by the 

expensive, and easiest test to administer. Indeed, this 
is why the SLB test is perhaps the most widely used 
measure for postural stability in clinical settings and 
why it has been suggested that the SLB test could be 
used in a preparticipation setting to   identify athletes 
with an increased risk of ankle sprains.29 Similar to 
the Trojian et al28 study, we found excellent inter-rater 
reliability with the SLB test, however, Trojian did not 
assess test/retest reliability. The authors of the cur-
rent study were surprised that the test/retest reliabil-
ity was extremely poor on this healthy sample. While 
22 of 34 participants (65%) maintained balance on 
the SLB test during both testing periods, 9 of 34 (26%) 
failed the SLB test during a single testing period. 
These results may have been due to the lack of extrin-
sic controls that were utilized in this study. While 
increasing the extrinsic controls may have increased 
the test/retest reliability, it is the belief of the authors 
that it would have compromised the external validity 
of the test. Based on these poor test/retest results, 
using the SLB test as a simple objective pass/fail mea-
sure of postural stability or to identify athletes with 
an increase risk of ankle sprains does not appear war-
ranted. The SLB test may still have value to the clini-
cian as a subjective measure, but it appears to have 
limited value as an objective pass/fail measure.

Compared to the SLB, the mBESS test takes longer to 
administer and requires some equipment (i.e., foam 
surface pad). A potential advantage, however, is that 
the mBESS provides more detailed information than 
simply a pass fail score that the SLB provides. The 
mBESS demonstrated fair interrater reliability (ICC = 
.61) and test/retest reliability (ICC = .74) suggesting 
that the test appears to be a more reliable objective test 
when compared to the SLB, but in this study showed 
lower intratester reliability than those reported in pre-
vious studies on the original BESS.21 However, for an 
athletic population, this version of the mBESS needs 
further refinement and testing to improve its test/
retest reliability, but it appears to have the potential to 
be a useful objective test in identifying athletes with 
impaired static postural stability. Further research con-
tinues to be important to determine the clinical appli-
cability of the SLB and mBESS tests.

Compared to the SLB and mBESS tests, the mSEBT 
takes the most time to administer and requires the 
most equipment. It was the only measure in this 
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9. Fu AS, Hui-Chan CW. Ankle joint proprioception and 
postural control in basketball players with bilateral 
ankle sprains. Am J Sports Med. 2005;33:1174-1182.

10. Garrick JG. The frequency of injury, mechanism of 
injury, and epidemiology of ankle sprains. Am J 
Sports Med. 1977;5:241-242.

11. Gerber JP, Williams GN, Scoville CR, Arciero RA, 
Taylor DC. Persistent disability associated with ankle 
sprains: a prospective examination of an athletic 
population. Foot Ankle Int. 1998;19:653-660.

12. Gribble PA, Hertel J. Considerations for 
normalization of measures of the Star Excursion 
Balance Test. Meas Phys Educ Sci. 2003;7:89-100.

13. Gribble PA, Hertel J, Denegar CR. Chronic ankle 
instability and fatigue create proximal joint 
alterations during performance of the Star Excursion 
Balance Test. Int J Sports Med. 2007;28:236-242.

14. Hertel J, Braham RA, Hale SA, Olmsted-Kramer LC. 
Simplifying the star excursion balance test: analyses 
of subjects with and without chronic ankle instability. 
J Orthop Sports Phys Ther. 2006;36:131-137.

15. Hertel J, Miller J, Denegar C. Intratester and 
intertester reliability during the Star Excursion 
Balance Tests. J Sports Rehabil. 2000;9:104-116.

16. Kinzey SJ, Armstrong CW. The reliability of the 
star-excursion test in assessing dynamic balance. 
J Orthop Sports Phys Ther. 1998;27:356-360.

17. Liu SH, Jason WJ. Lateral ankle sprains and 
instability problems. Clin Sports Med. 1994;13:793-809.

18. McGuine TA, Greene JJ, Best T, Leverson G. Balance 
as a predictor of ankle injuries in high school 
basketball players. Clin J Sport Med. 2000;10:239-244.

19. McGuine TA, Keene JS. The effect of a balance 
training program on the risk of ankle sprains in high 
school athletes. Am J Sports Med. 2006;34:1103-1111.

20. Olmsted LC, Carcia CR, Hertel J, Shultz SJ. Effi cacy 
of the Star Excursion Balance Tests in Detecting 
Reach Defi cits in Subjects With Chronic Ankle 
Instability. J Athl Train. 2002;37:501-506.

21. Onate JA, Beck BC, Van Lunen BL. On-fi eld testing 
environment and balance error scoring system 
performance during preseason screening of healthy 
collegiate baseball players. J Athl Train. 2007;42:446-
451.

22. Orchard JW, Powell JW. Risk of knee and ankle sprains 
under various weather conditions in American 
football. Med Sci Sports Exerc. 2003;35:1118-1123.

23. Plisky PJ, Rauh MJ, Kaminski TW, Underwood FB. 
Star Excursion Balance Test as a predictor of lower 
extremity injury in high school basketball players. 
J Orthop Sports Phys Ther. 2006;36:911-919.

mSEBT provides further evidence of its reliability as 
a clinical postural stability test. 

CONCLUSION
There was a statistically significant relationship 
observed between the mBESS and mSEBT, but the 
strength of relationship was weak. Additionally, there 
was a significant association observed between the 
SLB and the mBESS. This suggests that these tests are 
interrelated but that they may not assess equal com-
ponents of postural stability. While there was perfect 
(� = 1.00) interrater reliability with the SLB test, this 
test demonstrated poor test/retest reliability signifi-
cantly impacting its clinical utility. The mBESS dem-
onstrated fair interrater reliability and fair test/retest 
reliability. The mSEBT demonstrated excellent inter-
rater and test/retest reliability. Further research to 
determine the best applications and utility for each of 
these clinical postural tests is warranted. 
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  ABSTRACT  

 Background.     Although rare in occurrence, a dorsal dislocation of the 1st metatarsophalangeal (MTP) joint 
has been successfully treated using surgical and/or non-operative treatment. No descriptions of conserva-
tive intervention following a dorsal dislocation of the MTP joint in an athlete participating in a high contact 
sport are present in the literature.   

 Objectives.     The purpose of this case report is to describe the intervention and clinical reasoning during 
the rehabilitative process of a collegiate football player diagnosed with a 1st MTP joint dorsal dislocation. 
The plan of care and return to play criteria used for this athlete are presented.   

 Case Description.     The case involved a 19-year-old male Division IA football player, who suffered a trau-
matic dorsal dislocation of the 1st MTP joint during practice. The dislocation was initially treated on-site 
by closed reduction. Non-operative management included immobilization, therapeutic exercises, non-ste-
roidal anti-inflammatories, manual treatment, modalities, prophylactic athletic taping, gait training, and a 
sport specific progression program for full return to Division IA football.   

 Outcomes.     Discharge from physical therapy occurred after six weeks of treatment. At discharge, no signifi-
cant deviations existed during running, burst, and agility related drills. At a six-month follow-up, the patient 
reported full return to all football activities including contact drills without restrictions.   

 Discussion.     This case describes an effective six-week rehabilitation intervention for a collegiate football 
player who sustained a traumatic great toe dorsal dislocation. Further study is suggested to evaluate the 
intervention strategies and timeframe for return to contact sports.   

  Key Words.   dislocation ,    metatarsophalangeal joint ,    football         
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 INTRODUCTION 
 A dorsal dislocation of the 1st metatarsophalangeal 
(MTP) joint is a rare occurrence in sport. Motor vehi-
cle accidents are the most common cause of injury, 
followed by both falls from heights and athletic inju-
ries.  1   The mechanism of injury occurs from a high 
energy force acting from distal to proximal with forced 
hyperextension at the MTP joint.  2   Consistent physi-
cal impairments with this injury include fixed plantar 
dislocation of the 1st metatarsal head,  3   dorsal exten-
sion of the proximal phalanx,  1   shortening of the 1st 
ray, edema, and loss of great toe function.  4   

 A Type I MTP dislocation, under the classification 
scheme designed by Jahss,  3   is a dislocation of the 
hallux with no disruption of the sesamoid mass. 
(  Tables 1  and  2  ). The incidence and prevalence of 
this dislocation in sport is unknown. Jahss reported 
an extremely low incidence of 0.008%, in non-sport 
cases, which equals two traumatic dislocations in 
25,000 patients. Successes of both operative and 
non-operative management are presently unclear in 
the literature as functional outcomes have not been 
consistently reported. Rather, authors have com-
monly reported range of motion and pain as out-
come measures.  1 , 5 – 7    

 Only two cases have been reported in sport of 1 st  
MTP dorsal dislocations. Wolf et al  5   reported a non-
contact injury, resulting from a decelerated landing 
in basketball, treated surgically after repeated 
attempts at closed reduction failed. Two months 
after the injury, the athlete was asymptomatic and 
had full range of motion of the great toe. Whether 

the patient received a rehabilitation program or if 
the individual returned to sport was not noted. De 
Palma et al  4   reported a dorsal dislocation, non-con-
tact injury, in a football player who struck his great 
toe against the playing surface. The 1 st  MTP was 
immobilized for four weeks, and the patient was 
non-weight-bearing (NWB) with functional exercises 
beginning four weeks post-injury. Details of the 
treatment plan were not described, although the 
athlete returned to sport successfully. Other than 
these reports, the literature does not provide clear 
long term outcomes, or a treatment plan with return 
to play guidelines for an athlete who sustains a MTP 
dislocation in a contact sport. Information on a pro-
gressive treatment program and timeframe for 
immobilization may help prevent unnecessary lost 
training time for the athlete. 

 The Hallux Metatarsophalangeal-Interphalangeal 
Scale developed by The American Orthopaedic Foot 
and Ankle Society (AOFAS) is a clinical numerical 
rating system describing function, pain, and align-
ment of the great toe. One hundred total points are 
possible in a patient who is pain free and has normal 
metatarsophalangeal (MTP) and interphalangeal 
(IP) joint ROM, an absence of MTP or IP joint insta-
bility, good alignment, no recreational or daily activ-
ity limitations, and no limitations in footwear.  8 , 9   
Forty points are possible for pain (four choices with 
fixed number of points), 45 points are possible for 
function (six subcategories with four choices each 
containing fixed number of points), and 15 points 
are possible for alignment (3 choices with fixed 

Table 1. Jahss Classifi cation System of 1st Metatarsophalangeal Joint Dislocations.3

 Table 2.      Type IIC addition to the Jahss Classifi cation System, as proposed by Copeland and Kanat.  16    
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and laterally. These mechanics will be referenced 
throughout this report as a dorsal dislocation of the 
first metatarsophalangeal joint. The patient reported 
pain, numbness, and tingling at the 1 st  MTP joint 
radiating distally to the distal phalanx. He was 
unable to rise from a quadruped position. The ath-
letic trainer on site performed a closed reduction by 
applying a longitudinal distraction to the joint. The 
patient was immediately referred to the team physi-
cian in the clinic who ordered radiographs to rule 
out a fracture and also ordered an MRI to check for 
the extent of the damage to the plantar plate.  10   

 Following the closed reduction, radiographs taken 
the same day were unremarkable with no signs of a 
fracture. The sesamoid bones were intact with minor 
sesamoid widening. No sign of sesamoidal proximal 
migration was present. Magnetic resonance (MR) 
imaging was performed with multiple sagittal T1 and 
gradient images to check for soft tissue abnormalities. 
The radiologist noted a stretch in the plantar aspect of 
the capsule in the 1 st  MTP joint with a small amount 
of fluid present. A small focus of intra articular low 
signal intensity has an appearance suggesting the 
presence of air in the joint space. In the setting of 

points), and scoring involves both objective and sub-
jective factors. The highest score in each of the three 
categories demonstrates no presence of pain, no 
functional limitations, and a well aligned hallux. 
The lowest score in each of the three categories 
demonstrates severe pain, severe functional limita-
tions, and a poor symptomatic hallux alignment. 

 The purpose of this case report is to describe the 
intervention, including the return to play of a colle-
giate football player diagnosed with a 1st MTP joint 
dorsal dislocation as well as the clinical reasoning 
process utilized by both the physical therapist and 
athletic trainer to formulate the plan for interven-
tion. The patient’s plan of care included therapeutic 
exercises, joint mobilizations, prophylactic athletic 
taping, non-steroidal anti-inflammatories, manual 
treatment, modalities, neuromuscular training, gait, 
and sports-specific drills for full return to Division 
IA football. To the authors’ knowledge, no descrip-
tions of conservative interventions following a dor-
sal dislocation of the MTP joint for return to 
high-contact sport are present in the literature.   

 CASE DESCRIPTION 
 The patient was a 19-year-old male Division IA football 
player (tight end) who fell after a tackle during practice, 
and a 302-pound linebacker landed on his right foot. 
The patient suffered a traumatic dorsal dislocation of 
the 1st metatarsophalangeal (MTP) joint. He described 
that his forefoot was in contact with the ground, with 
the great toe in extension when another player sat on 
his heel during a tackle (  Figure 1  )  (Video Clip Re-Enact-
ment available on the NAJSPT website) . He was a well-
conditioned, 230 pound sophomore lineman, 6 feet, 
3 inches in height. He had successfully completed pre-
season football and finished one in-season football 
game. His primary goal was to return to in-season foot-
ball. Recreational activities included Olympic lifting, 
exercising on the elliptical, and golfing.       

 EXAMINATION  

 On-Site Initial Assessment 
 The initial examination was performed by the staff 
athletic trainer on-site at practice within seconds 
after the injury occurred. On observation, the 1 st 

 MTP joint was positioned in a varus deformity with 
the proximal phalanx being displaced both dorsally 

 Figure 1.      Graphic Representation of the Mechanism of Injury  
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MTP joint motion, and metatarsophalangeal joint-
interphalangeal joint stability. 

 The patient reported a verbal rating pain scale of 3/10 
only during gait. During examination on day three, 
observation revealed continued edema, ecchymosis, 
and limited 1 st  MTP joint flexion and extension. Pas-
sive range of motion (PROM) of the right 1 st  MTP joint 
extension was 0-42 degrees and flexion 0-40 degrees. 
Passive range of motion of the non-injured side was 
0-60 degrees of extension and 0-50 flexion. Manual 
muscle testing revealed flexor digitorum longus, pero-
neals, and tibialis posterior strength of 4-/5 with pain 
upon testing, extensor hallicus longus, extensor digi-
torum longus, and gluteus medius muscle strength of 
4-/5 and pain free; flexor hallucis longus strength of 
4/5 and pain free; tibialis anterior, gastrocnemius, and 
soleus muscles, 5/5 and pain free.   

 Intervention 
 The clinical goals during Phase I were to protect the 
joint and allow for tissue regeneration and collagen 
remodeling. Other goals included control of pain, edema, 
and inflammation. Instructions for gait included a non 
weight-bearing (NWB) status utilizing crutches with 
a short leg walking boot. Although evidence does 
not support the use of modalities for pain and edema 
control, modalities were applied over the R foot sur-
rounding 1 st  MTP joint area with the goals of control-
ling both pain and edema control, per institutional 
policy. This included pulsed ultrasound 2MHz 
(Dynatron 150 Combo, Isokinetics, Inc.™) at 50% for 
8 minutes, contrast bath (alternating cold and warm 
bath for 15 minutes total), electrical stimulation 
using Premodulated Interferential current for 15 
minutes, and cryotherapy (cold pack 20 minutes). 
Clinical judgment was used to determine modality 
use and parameters as there is lack of supportive 
research for modality application for any of the cho-
sen modalities as applied after a first MTP joint dor-
sal dislocation. A compression wrap was administered 
and therapeutic exercises were restricted during the 
first two days to help reduce edema and pain. Edema 
reduction is important in order to help improve joint 
motion needed for gait in later rehabilitation. Dur-
ing heel off, the hallux reaches near end range exten-
sion during the gait cycle.  11   The team physician 
restricted the athlete from participation in any foot-
ball activities. 

recent trauma, intra articular air implies joint capsule 
disruption and joint trauma following dislocation. 
Both the flexor hallicus longus and flexor hallicus bre-
vis muscles appeared normal. Based on the MR imag-
ing, the patient’s injury most closely matched a Type 
I MTP joint dislocation according to the Jahss Classi-
fication System.  3   A Type I dislocation is a dorsal dislo-
cation without disruption of the sesamoid mass. It 
should be noted that this patient suffered a stretch of 
the plantar aspect of the 1 st  MTP joint, which will 
later be discussed as this patient may not be classified 
as a true, uncomplicated, Type I dislocation. In con-
clusion, both clinical examination and the MR imag-
ing suggested that the patient sustained a right 1st 
MTP dorsal dislocation. The team physician deter-
mined surgery was not indicated, and the subject was 
therefore referred for conservative management.    

 INTERVENTION 
 The patient was treated three times a week by the 
physical therapist and three times a week by the staff 
athletic trainer over a six-week period in 3 phases: 
Phase I: Early Protection, Phase II: Activity Progres-
sion, and Phase III: Return to Sport (  Table 3  ). The goal 
of the treatment was to regain full strength, range of 
motion, joint mobility, proprioception, gait, and agil-
ity for return to collegiate football. No previous inter-
ventions or return-to-play criteria were cited in the 
literature, therefore, the authors of this case report 
have provided an intervention strategy with a ratio-
nale for each phase that was used throughout the 
rehabilitation of this patient (  Table 4  ).    

 PHASE I: Early Protection (Days 1-3)     

 Examination 
 The patient was seen shortly after injury by the physi-
cal therapist from athletic rehabilitation services. Dur-
ing a brief exam, visual inspection revealed severe 
ecchymosis and diffuse soft tissue edema surrounding 
the 1 st  MTP joint. The exam was limited secondary to 
pain. On the American Orthopaedic Foot and Ankle 
Society (AOFAS) Hallux Metatarsophalangeal-Inter-
phalangeal Scale  8   (100 possible points), the patient 
scored 55 points at the time of initial injury. Low 
scores represent severe limitations and higher scores 
represent least limitations in the given categories. The 
patient received low scores in the function subcatego-
ries of activity limitations, footwear requirements, 
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 Table 3.      The 3 Phases of Intervention Used For a Collegiate Athlete after sustaining 1st MTP Dorsal 
Dislocation.  
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 Table 4.      The Clinical Decision Making Table: A summary of the examination 
fi ndings, clinical reasoning, and intervention utilized throughout the Case Report  .
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muscles. Isotonic ankle exercises were prescribed 
using a plate loaded platform ankle device called 
“The Ankle Isolator”, which allowed for resisted plan-
tar flexion, dorsiflexion, inversion, and eversion. Also, 
hip strengthening and balance exercise progression 
were incorporated over this time period. This included 
isotonic leg extension, leg curl, clams shells (resisted 
hip abduction with external rotation), prone hip 
extension and sidelying leg raises. The patient per-
formed 2 sets of 20 repetitions increasing the resis-
tance loads and sets progressively based on his 
symptoms and endurance ability. The repetitions 
were progressed to 12-15 repetitions with the weights 
adjusted accordingly based on the patient’s ability to 
safely withstand the new loads. Balance training 
included single leg balancing with a balance pad, 
starting with 30 seconds with shoe support and 
increasing the seconds based on patient tolerance. 
The shoe was removed for balance training when the 
patient discontinued the walking boot at 2 weeks. 
Gait training was continued.   

 Examination (days 9-10) 
 On day nine, the patient was FWB and completely 
discontinued the use of crutches. Decreased WB dur-
ing the loading phase and decreased tibial advance-
ment during the midstance phase was revealed during 
visual analysis of gait. Visual inspection 10 days post-
injury revealed presence of ecchymosis although it 
had decreased by 30% since initial exam. The surface 
area of the ecchymosis remained the same. Soft tis-
sue edema was present located at the plantar, dorsal, 
and medial surfaces along the 1 st  metatarsal joint and 
surrounding tissues. The patient reported tenderness 
to palpation along the 1 st  MTP joint line on all surfaces. 
Negative tenderness to palpation along the intertar-
sal joint and the remaining lesser MTP joints were 
noted. Valgus and varus tests of the 1 st  MTP joint at 
0 and 30 degrees were negative. Static positional hal-
lux valgus in the resting position was unremarkable. 
Further exam of the ankle ligaments was unremark-
able for pain or ligamentous instability. Strength 
testing performed using methods described by Dan-
iels and Worthingham  12   revealed decreased strength 
in the right posterior tibialis, right FHL, and right 
EHL muscles, rated 4-/5. The plantardorsal transla-
tion test, also known as the vertical stress test,  13   of 
the 1st MTP joint was negative with a good endpoint. 

 On day 3, the goals were advanced to address the res-
toration of the MTP joint active range of motion 
(AROM) needed for gait. Normal active range of motion 
MTP joint extension during the gait cycle is 0-60 
degrees. Therefore, active range of motion exercises 
were prescribed to help the patient restore joint motion 
needed for gait. Land and pool exercises were per-
formed consisting of AROM of great toe flexion and 
extension, ankle dorsiflexion/plantarflexion, inversion 
and eversion. Additional land exercises included baps 
board (anterior-posterior, medial-lateral, and ankle cir-
cles both clockwise and counterclockwise), towel 
crunches with toes and marble pick ups.   

 PHASE II: Activity Progression 
(Day 3 – week 4)     

 Examination (days 3-8) 
 During days four to eight, the examination findings 
revealed a Trendelenburg gait with left gluteus medius 
muscle weakness, decreased strength at the right flexor 
hallicus longus (FHL), extensor hallicus longus (EHL) 
and posterior tibialis muscles, rated 4-/5. His previous 
medical records indicated that the Trendelenburg gait 
was present from a previous left ankle surgery. Ecchy-
mosis and edema were still present about the MTP. 
The patient reported complaints of right great toe pain 
rated 3-4/10 with gait and 0/10 at rest.   

 Intervention 
 The clinical goals were to restore gait, strength, and 
balance. Other factors included initiating proprio-
ception and tendon training, progressing to strength-
ening. Tendon training refers to high repetition 
activities with low resistance loads. Tendon training 
prepares the patient to withstand stresses to the 
tendons that occur during gait. The MTP joint 
approaches an extension load during heel off plac-
ing stress on the hallux flexor tendons. Therefore, 
tendon training plays an important role in preparing 
the foot for repetitive motions that gait demands. 
The patient was advised to continue wearing a short 
leg walking boot, continue partial weight-bearing as 
tolerated with crutches from days four to eight, grad-
ually tapering off crutch use during this time frame. 

 Phase II Activity Progression intervention lasted from 
day three to week four. Lower extremity exercises 
were prescribed for the ankle, calf, and foot intrinsic 
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joint motion. Passive range of motion testing of the 
right 1 st  MTP joint revealed 0-34 degrees extension 
and 0-45 degrees flexion. Manual muscle testing 
revealed FHL, EHL, extensor digitorum longus (EDL), 
tibialis posterior, and gluteus medius muscles, all 4-/5 
and pain free; flexor digitorum longus (FDL) muscle, 
4/5; peroneal muscles, 4+/5; Tibialis anterior, gas-
trocnemius, and soleus muscles, 5/5. Although man-
ual muscle testing strength grades did not improve at 
2 weeks, his ability to achieve full weightbearing with 
a stable gait and no loss of balance demonstrated 
increased function.    

 Intervention 
 The clinical goals were to restore gait mechanics and 
continue to protect the MTP joint. Presence of pain 
and joint edema inhibits normal muscle contraction 
which could interfere with gait. Protecting the MTP 
joint by use of the orthotic assisted in preventing fur-
ther pain and joint edema during tissue healing. Dur-
ing a trial of both great toe taping and the orthotics 
with an incorporated shank, the patient denied any 
pain during gait. The purpose of the great toe taping 
was to limit the patient’s metatarsophalageal joint 
extension and intermetatarsal joint abduction for joint 
capsule protection during collagen remodeling. 
One-inch width athletic tape was used to apply anchors 
at the distal great toe and midfoot. Next, longitudinal 
strips and spica strips were applied to both anchors 
restricting excessive great toe hyperextension and 
intermetatarsal joint abduction. Next ½ circumfer-
ential closing strips were applied. Lastly, the mid-
foot, forefoot and great toe were fully closed with 
lightplast. 

 The patient was advised by the team physician to 
discontinue the walking boot and begin to utilize the 
orthotics in a supportive shoe in order to continue to 
protect the joint. The great toe taping was also added 
as a supplement to the orthotic as the patient 
reported it made him feel better. The rehabilitation 
prescription included strengthening using leg press 
with resistance cords (ie Shuttle™), single leg stance 
hip extension with pulleys, forward and lateral step 
ups, step downs, and lunges in clock positions. The 
patient performed 3 sets of 20 repetitions, progress-
ing to 3 sets of 12-15 repetitions with adjusted resis-
tance based on his symptoms and his endurance to 
withstand increased loads and decreased repetitions. 

This test is used to check for a tear of the plantar 
plate.   

 Intervention 
 The clinical goals were progressed to address remod-
eling and strengthening of the connective tissue. 
The functional demands of walking require good 
strength of contractile and non-contractile tissues 
about the great toe. Therefore, strengthening exer-
cises were prescribed and progressed to help meet 
the muscular and soft tissue demands of gait as pre-
viously discussed. Gait training progression empha-
sized a gradual return of MTP joint extension during 
late stance. Gentle great toe flexion and extension 
passive range of motion was gradually introduced 
during this time frame. Weight bearing loads on the 
forefoot were progressed during the loading phase 
until weight bearing was symmetrical. Intervention 
included gait training and a strengthening progres-
sion program The exercises performed during days 
9-10 were isotonic leg extension, leg curl, clam shells 
(hip abduction with external rotation), prone hip 
extension and sidelying leg raises. The patient per-
formed 2 sets of 15-20 repetitions increasing the 
resistance loads and sets progressively based on his 
symptoms and endurance ability. The repetitions 
were progressed to 12-15 repetitions with the weights 
adjusted accordingly based on the patient’s ability to 
safely withstand the new loads. Single leg balancing 
with shoe support was performed increasing the 
time duration based on patient ability and tolerance. 
The patient’s gait was progressed to full weightbear-
ing without crutches as he demonstrated a stable, 
unimpaired gait.   

 Examination (2 weeks) 
 At two weeks, the patient was prescribed custom fit-
ted orthotics with a semi-rigid carbon shank and poly-
urethane cover for protection of the MTP joint. Visual 
analysis of gait revealed limited right MTP joint exten-
sion as expected since he was wearing the orthotics 
during the exam for protection. Decreased stance 
time during stance phase was present on the injured 
lower extremity. Manual muscle testing revealed 
right posterior tibialis and gluteus medius weakness 
strength of 4-/5. The AOFAS score at two weeks post-
injury was 74 points. The subcategories of function in 
which the patient did not receive total points were 
activity limitations, footwear requirements, and MTP 
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then live contact play during practice which pro-
gressed throughout weeks five to six. The running 
progression program incorporated sagittal plane, then 
multi-planar running with zigzag patterns. Noncontact 
football routes both with and without live practice were 
included (  Figure 2  ). For all phase III activities, the 
intensity and duration were increased over time and 
as the patient tolerated. The use of electrical stimula-
tion tapered off as great toe swelling diminished and 
a cold pack continued to be administered as needed 
during the presence of edema. Noncontact practice 
was resumed at week five.    

 Examination (week 6) 
 At six weeks, examination revealed a normal running 
gait both in sagittal and multi-planar directions. Pas-
sive range of motion of the right 1 st  MTP joint was 
normal relative to the uninvolved side in both exten-
sion and flexion. Mild stiffness was reported during 
gait at the right 1 st  MTP joint while cutting at a 90 
degree angle at full speed. The AOFAS score at six 
weeks was 95 points. The patient scored 5 points out 
of a total possible 10 points in the subcategory of foot-
wear requirements as he was still wearing his shoe 
orthotic. Passive range of motion testing of the right 
1 st  MTP joint revealed 0-30 degrees extension and 
0-50 degrees flexion,. Manual muscle testing of the 
flexor hallicus longus, flexor digitorum longus, exten-
sor hallicus longus, and extensor digitorum longus 
muscles, demonstrated continued strength of 4/5; 
peroneal and gluteus medius muscles, 4+/5; tibialis 
posterior muscle, 5-/5; tibialis anterior, gastrocne-
mius, and soleus muscles, 5/5.   

He also performed leg press and heel raises on his 
uninjured lower extremity starting at 3 sets of 12-15 
repetitions. Airex™ single leg balance training was 
performed in order to improve both balance and pro-
prioception, progressing from 30 to 60 seconds for 
3- 6 repetitions (wearing shoe support). The patient’s 
gait continued to be monitored with instruction 
emphasizing equal weight bearing and gradually 
progressing MTP joint extension motion during late 
stance as mentioned previously. The patient also 
performed core exercises in a bridge position on a 
Swiss ball (sagittal plane flexion, oblique sit ups). He 
also performed lower trunk curl ups without the 
ball. At 3 weeks post injury the patient began walk-
ing on the treadmill for 10 minutes practicing his 
gait pattern. The duration was gradually increased 
over the course of treatment.   

 PHASE III: Return to Sport (Weeks 5-6)     

 Examination (week 5) 
 At 5 weeks, the patient continued to be pain-free 
with a walking gait. A trial of jogging gait was unre-
markable for any deviation of gait biomechanics, 
balance, or presence of pain. The examination revealed 
restored right 1 st  MTP PROM relative to the uninvolved 
side. The patient had adequate strength assessed func-
tionally by demonstration of a normal gait cycle 
although great toe flexor and extensor muscles and 
peroneals still demonstrated strength of 4/5 at 6 weeks. 
 (See  Table 4 ) . Single-leg (SL) balance testing with per-
turbations was unremarkable demonstrated by no 
loss of balance or pain being reported during 60-90 
seconds holds. The patient’s uninvolved side tested 
at 90 seconds. Intermittent mild edema was present 
at the great toe.   

 Intervention 
 The clinical goals included introducing sports spe-
cific activities that were position-specific for a tight 
end. The activity demanded of a tight-end offensive 
lineman includes multi-planar running, cutting, 
tackling, striking, and blocking. Strength, explosive 
power, speed, agility, are all needed throughout a 
running gait cycle for a tight end. The activities of a 
lineman/tight end are primarily anaerobic. There-
fore, the intervention prescribed included a strik-
ing/blocking progression where the patient explodes 
from a stance phase hitting a sand bag, then a sled,  Figure 2.      Sport Specifi c Functional Progression for Tight End.  
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plays to not exceed five to seven plays. Over time, par-
ticipation in plays slowly increased. He continued his 
rehabilitation program independently and was taped 
throughout the remainder of the season. Electrical 
stimulation with ice (ie 15 minutes, premodulation) 
continued to be used as needed for edema control.    

 OUTCOMES 
 On the American Orthopaedic Foot and Ankle Soci-
ety (AOFAS) Hallux Metatarsophalangeal-Interpha-
langeal Scale  8   (100 possible points), the patient scored 
55 points at the time of initial injury, 74 points at two 
weeks, and 95 points at six weeks (time of discharge) 
(  Figure 3  ). At six months, he scored 100 points demon-
strating no disability associated with his previous left 
foot pain (  Table 5  ). A summary of the strength out-
comes as measured by manual muscle testing per 
procedures of Daniels and Worthingham  12   is provided 
in  (Table 6),  and the passive range of motion outcomes 
as measured per procedures of Norkin and White  14   
are provided in  Figure 4 .     

 DISCUSSION 
 To the knowledge of the authors, no other case 
report exists detailing the results of conservative 

 Intervention 
 The clinical goals were progressed to include contact 
drills for sports-specific conditioning and increase his 
endurance. The same concepts mentioned in week 5 
of the patient needing explosive power, speed, and 
agility to achieve a running gait cycle continued to 
be applied at week 6. The intervention progressed to 
increase the number of consecutive plays during prac-
tice. He initially was instructed to limit his consecutive 

 Table 6.   Strength testing 12  of the right lower extremity measured at four time 
intervals   

 Figure 3.      Scores on the American Orthopaedic Foot and 
Ankle Society (AOFAS) Hallux Metatarsophalangeal Inter-
phalangeal Scale, in points (100 possible)  

 Table 5.      The American Orthopaedic Foot and Ankle Society (AOFAS) Hallux 
Metatarsophalangeal-Interphalangeal Scale  8   (100 possible points).  
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has not yet been noted in the literature. Also noted in 
the literature is that Type I dislocations are often irre-
ducible and require surgery.  1   However, this case dem-
onstrates that closed reduction was possible, and was 
followed by an excellent outcome. 

 At four weeks and 5 days post injury, the patient was 
able to return to light jogging non-contact football 
practice. At six months follow-up, this patient was 
able to demonstrate all football activities including 
multiplanar running, cutting, tackling, and striking 
without difficulty. Seven months post injury, he con-
tinued full participation in spring season football and 
was without disability. The patient’s only complaint 
was mild soreness at the right 1 st  MTP joint during 
90-degree cutting maneuvers, which he reported did 
not interfere with his full speed running ability. Gait 
examined during cutting appeared unremarkable 
both with and without his custom orthotics. 

 The authors discussed whether or not the patient 
may have benefitted from removing the walking boot 
several days earlier should another athlete present 
with this type of injury. This patient progressed and 
performed so well using implemented treatment pro-
gram in the described time frames that a shorter 
period of immobilization might be considered. It 
must be acknowledged however, that the long term 
outcomes of such an injury managed with shorter 
immobilization timeframe is unknown. 

 A MTP joint ROM impairment can affect the gait 
cycle. Normal ROM of the 1st MTP joint is 30 degrees 
flexion and 90 degrees extension. 60 degrees exten-
sion is required for the gait cycle. When heel rise 
and toe off occur in the stance phase, the hallux and 
lesser toes reach end-range maximum extension.  11   If 
the MTP joint is prevented from fully extending, the 
heel-off to toe-off phase is impaired which can alter 
running, jogging, and cutting mechanics. An athlete 
with impaired great toe ROM can be functionally 
disabled, thereby limiting sports performance. 

 Passive range of motion extension at the 1 st  MTP 
joint did not progressively increase over the course 
of rehabilitation as did flexion range of motion. The 
subject’s passive range of motion at initial evalua-
tion was 0-42 degrees whereas at six months, it was 
0-31degrees. Although this reported range of motion 
does not reach the value for “normal,” the patient’s 
gait function was good and he reported minimal 

management following a 1 st  MTP dorsal dislocation 
for a patient returning to in-season, Division IA foot-
ball. The clinical goals were centered around the 
desire to minimize the time lost in-season and to 
maximize the effectiveness of the rehabilitation. 
Clinical interventions included modalities, stren-
gthening, joint range of motion exercises, proprio-
ceptive exercises, gait, and agility drills during a 
progressive rehabilitation program. Following a suc-
cessful rehabilitation program, the patient returned 
to football in six weeks time. Only two sport-related 
cases of a 1 st  MTP dislocation have been reported in 
the literature, one of which reported successful 
return to sport.  4 , 5   Neither case clearly discussed 
long-term outcomes nor a treatment plan with 
return to play guidelines for sport. De Palma et al  4   
reported a 1 st  MTP dorsal dislocation with immobili-
zation for four weeks non-weightbearing and func-
tional exercise, which began after four weeks time. 
This patient was immobilized for two weeks in the 
walking boot and was partial weight-bearing with 
crutches at day four. The walking boot was removed 
for his rehabilitation sessions. He began range of 
motion exercises on day three. These findings indi-
cate it is possible for an athlete to follow a conserva-
tive rehabilitation approach and successfully return 
to football. 

 This patient was classified as a Jahss Type I disloca-
tion. As previously mentioned, the Jahss classification  1   
refers to Type I being a dislocated hallux with no sesa-
moid mass disruption. Type II is a rupture in the inters-
esamoidal ligament with widened sesamoids. The 
authors believe this patient likely suffered a Type I+ 
dorsal dislocation as the hallux dislocated while the 
intersesamoidal ligament did not rupture but suffered 
a partial stretch. This description, to our knowledge, 

 Figure 4.      MTP Joint Range of Motion, in degrees.  
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symptoms, so we did not push his range. Perhaps he 
was performing within a range that he only func-
tionally needed, which may have allowed him to 
return to running without difficulty. The cause of 
the decrease in range of motion could have been 
from scar tissue developing during the foot protection 
progression from the walking boot, to shoes with 
custom orthotics, with additional taping as needed. 
The amount of foot protection provided was based 
on both the stage of his injury, the quality of the 
patient’s gait, and any presence of symptoms. 

 Notice should be taken that this proposed Type I+ 
dislocation was treated immediately on the field with 
closed reduction. Rehabilitation with early protection 
began on day one of injury without a time delay. The 
time between injury occurrence and treatment has 
been noted to affect the ability for the dislocation to 
maintain closed reduction.  15   Similar Type I disloca-
tions amongst athletes treated with early interven-
tion, proper immobilization and rehabilitation can 
possibly result in a successful return to sport.   

 SUMMARY 
 First MTP joint dorsal dislocations are rare in the 
general population and are even a rarer occurrence 
in sport. No evidence exists in the literature regard-
ing rehabilitation and return to play guidelines for a 
football player. In this case study, the patient who 
was treated with closed reduction with no sign of 
complications returned to in-season Division IA col-
lege football six weeks post-injury following conser-
vative management with minimal disability (AOFAS) 
and a normalized running gait. Further study is nec-
essary to evaluate a wide variety of possible inter-
vention strategies and timeframe for return to 
contact sports with greater numbers of patients who 
sustain a MTP dislocation.     
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ABSTRACT

Study Design: Resident’s case report

Background: There have been only a few case reports in the literature mentioning sciatic nerve injury 
following a hamstring tear. In previous cases surgical intervention was performed to debride scar tissue 
around the sciatic nerve with the goal of full return to function for the patient. 

Objectives: The purpose of this case report is to describe the conservative interventions that allowed for 
recovery from a hamstring tear with sciatic nerve involvement.

Case Description: The subject was a 53 year old female who developed foot drop and weakness in the 
common fibular nerve distribution following a grade 3 hamstring injury sustained during Nordic skiing. 
Nerve function and strength gradually returned over the course of several months of conservative rehabili-
tation which included on neural gliding and strengthening exercises. 

Outcomes: At 18 months post injury, the subject had returned to 95% of full sport function and 98% of full 
function with activities of daily living, as rated by the Hip Outcome Scale, and had full strength with 
manual muscle testing. Isokinetic testing revealed strength deficits of 11–23% in knee flexion peak torque 
at 60 degrees/second and 180 degrees/second respectively.

Discussion: Sciatic nerve injury is a rare, but important potential consequence of severe hamstring strains. 
Clinicians should be cognizant of the potential injury to the nerve tissue following hamstring strains, so 
they may be dealt with in a prompt and appropriate manner. The use of neural gliding may be worth con-
sidering for a prophylactic effect following hamstring strains. 

Key Words: foot drop, nerve glide, sciatic nerve, hamstring strain
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INTRODUCTION
Hamstring tears are common sports injuries that often 
require physical therapy intervention. In a literature 
review of hamstring avulsion injuries that required 
surgical intervention, it was found that skiing was one 
of the most common mechanisms of injury.1-2 Water 
skiing accounts for almost 30% of hamstring tears in 
Australia1 and Nordic skiing has been reported to 
account for 40% of tears in Finland.2  

A rare sequela associated with a hamstring tear is an 
injury to the sciatic nerve due to the proximity of the 
anatomical structures. There have been a few reports 
of sciatic nerve involvement with hamstring injuries 
in the literature.3-8 Each of these cases involved at 
least a partial avulsion/tear of the proximal ham-
strings. In all of these cases, surgical intervention 
was the only reported intervention that alleviated 
the subjects’ symptoms related to the nerve injury. 
The surgery was performed to attempt to release 
scar tissue from around the sciatic nerve. In one 
case where symptoms did not improve, surgery was 
performed to reattach the hamstring but no debride-
ment of scar tissue was performed.7 At the time of 
the writing of this case report, there were no docu-
mented cases detailing the successful conservative 
rehabilitation of a complete hamstring tear with sci-
atic nerve involvement. The purpose of this report is 
to present the details of a case where a patient recov-
ered from a hamstring tear with sciatic nerve 
involvement with conservative care as the only 
intervention. The patient described in this case 
report gave written informed consent for the descrip-
tion of her case and use of diagnostic images (mag-
netic resonance imaging {MRI} and photograph of 
leg) to be published. 

CASE DESCRIPTION

Subjective – Initial Evaluation
The patient was a 53 year old female who was 
referred to physical therapy with a diagnosis of a 
Grade III (complete) tear of the medial hamstring 
following a cross country ski accident involving a 
fall. During the fall, she reported that the right lower 
extremity slid forward while her trunk moved for-
ward creating hyper flexion at the right hip. Ecchy-
mosis was noted by the patient extending from her 
posterior thigh down to her ankle two days following 

the injury (Figure 1). Medical care was sought five 
days following the injury at which time she was 
diagnosed with a grade 3 hamstring tear and referred 
to physical therapy.

At the initial physical therapy visit, the patient 
reported that she had been icing and elevating her 
leg since her injury. She used an ACE wrap for com-
pression around her thigh to allow her to walk and 
stand for longer periods of time. Walking for extended 
periods of time was difficult. While ascending stairs, 
she had to use a step to step gait pattern, relying on 
the left lower extremity. She also reported that knee 
extension with hip flexion (as in sitting), caused dis-
tal hamstring pain. As a result, she kept her knee 
flexed a majority of the time. The patient reported 
pain rated at 4/10 at rest, experienced mostly in her 
calf. With movements such as getting in and out of a 
car, pain was rated at 8/10. She denied any previous 
leg or back injuries. Her occupation as a teacher 
required her to stand for long periods of time and she 
found this to be difficult to perform due to pain. On 
the Hip Outcome Scale (HOS) she rated her function 
at 60% for activities of daily living (ADLs) and 0% for 
sports activities. The HOS asks patients to rate their 
ability to perform different daily activities. A copy of 

Figure 1. Ecchymosis in posterior leg 2 days following injury.



North American Journal of Sports Physical Therapy | Volume 5, Number 3 | September 2010 | Page 145

home program consisted of ankle pumps with the 
lower extremity elevated to decrease lower extrem-
ity swelling, quad sets to facilitate muscle activation 
in the right lower extremity, very gentle passive 
hamstring stretching in the longsitting position via 
use of a towel, and education regarding the impor-
tance of continued use of ice and compression. 

Visits 2-5
Over the next 4 visits lower extremity stretching and 
strengthening was progressed (refer to Table 1). 
Closed chain exercises consisting of single limb bal-
ance work to improve proprioception and trunk sta-
bility were added based upon the work by Sherry 
and Best that showed improved outcomes when agil-
ity and trunk stabilization exercises were incorpo-
rated into a rehabilitation program for hamstring 
strains.10 Retrograde massage was continued to help 
decrease swelling and light cross friction massage 

was added to assist in tissue remodeling in the 
medial hamstring muscles. 

The patient displayed steady progress over these 
visits. Gait returned to normal with normal excur-
sion and heel strike, AROM was restored to full as 
compared to the other leg and the patient was able 
to return to previous work activities without 
restrictions.

Visits 6-10
At visit number 6, the patient reported slipping at 
home three days prior in a mechanism similar to her 
original injury. This slip occurred 28 days after her 
initial cross country skiing injury. Following this 
slip, she reported some soreness in the original 
injury location, however, she returned to pain-free 
walking by the time she presented to the clinic for 
the sixth visit. 

By the seventh visit, she reported her lateral ham-
string tendons “felt different” and she had increased 
soreness in her posterior knee and calf. Upon inspec-
tion, there was decreased tone in the gastrocnemius 
and biceps femoris compared to the uninjured side. 
By the eighth visit, her gait was altered in that she 
advanced her right leg more quickly than her left 
and she noted increased pain in her medial gastroc-
nemius muscle. During ambulation, she felt decreased 
control of her leg. By the ninth visit, 17 days after 

the HOS is included in Appendix 1. The patient had 
the most difficulty with squatting, putting on sock/
shoes, rolling over in bed, pivoting on her involved 
leg, heavy work (pushing/pulling/carrying), and 
recreational activities. The HOS has been suggested 
in an unpublished report, to have excellent test-re-
test reliability for the HOS ADL subscale (ICC = 
0.96) and moderate to strong correlations (r = 0.69-
0.74) with the physical function subscale and physi-
cal summary score of the SF-36.9 Her main goals were 
to return to ascending and descending stairs, walk-
ing, running, biking, and cross country skiing.

Objective - Initial Examination
Upon observation during the initial examination, 
ecchymosis was present from the patient’s posterior 
thigh, medial greater than lateral, down to the 
medial calf (Figure 1). She ambulated with an antal-
gic gait due to pain with bearing weight on the right 
leg and decreased extension of her right knee during 
stance phase. Due to decreased excursion of the 
right leg, heel strike was decreased. With palpation, 
there was a firm mass noted in the mid third of the 
semitendinosus and semimembranosus muscle bel-
lies. She displayed tenderness from the posterior 
thigh extending down the entire right lower leg with 
Grade I pitting edema in the lower leg. Active range 
of motion (AROM) of the right knee via a heel slide 
while the patient was supine was measured at 0°-4°-
95° compared to 0°-133° degrees on the left knee. 
Circumferential measurements revealed that the 
right leg was 2.5 cm greater at 15 cm distal to the 
knee joint line, 3 cm greater at the knee joint line, 
2 cm greater at 10 cm proximal to the knee joint line, 
and 2 cm greater at 20 cm proximal to the knee joint 
line. Due to patient discomfort, strength testing was 
not performed during the initial examination.

It was determined that the patient had signs and 
symptoms consistent with the medical diagnosis of a 
grade III hamstring tear. Her primary impairments 
included limited range of motion (ROM), lower 
extremity edema, and gait deviations. Strength was 
also likely impaired, but due to pain levels formal 
muscle testing was not performed. 

Intervention provided at the initial visit consisted of 
retrograde massage in the right leg and instruction 
in the performance of a home exercise program. The 
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touch was intact and symmetrical and deep tendon 
reflexes were rated at 2+. 

Based on these findings, it was determined the 
patient had sustained an injury to the sciatic nerve, 
particularly affecting the common fibular nerve 
division. She was provided active dorsiflexion and 
eversion exercises in attempts to maintain ankle 
range of motion and was also advised to continue 
with her hamstring strengthening exercises as able. 
Due to her neurologic injury, she was instructed to 
use her opposite leg to assist in performing prone 
knee flexion for hamstring strengthening. Due to 
the progressive change in her status, she was referred 
back to her physician for further diagnostic testing.

Diagnostic tests
Following evaluation by her physician, further diag-
nostic tests were ordered. An electromyographic 

her slip on the floor and 40 days after the initial ski-
ing injury, she started to exhibit a foot drop while 
ambulating. 

At PT visit 10 the patient reported numbness in the 
calf where it had previously been sore and progres-
sive symptoms of weakness in her lower extremity. 
Re-examination prior to a medical visit revealed mus-
cular weakness in dorsiflexion, eversion, and toe 
extension of all digits when compared to the unin-
jured side (Table 2). Hamstring strength had also 
decreased to the point of not being able to perform a 
prone hamstring curl without assistance, signifying a 
muscle test grade of 2/5. During an active hamstring 
curl, minimal contribution from the biceps femoris 
was noted. Palpation revealed tenderness in the pop-
liteal fossa, extending proximally in the leg just 
medial to the biceps femoris. Decreased tone was 
still noted in the biceps femoris. Sensation to light 

Table 1. General progression of interventions through course of treatment.



North American Journal of Sports Physical Therapy | Volume 5, Number 3 | September 2010 | Page 147

(Figure 2). These findings suggested a subacute to 
chronic tear with fibrosis and musclular atrophy. 
The MRI findings did not reveal any damage to the 
sciatic nerve. Based on these results, it was decided 
to focus PT interventions upon improving sciatic 
nerve mobility in order to prevent the fibrosis within 
the muscle from affecting the nerve.   

Re-initiation of PT 

Visit 12
Following her examination, the patient’s primary 
physician recommended continued conservative 

(EMG) analysis revealed severe denervation of the 
biceps femoris and tibialis anterior, and to a lesser 
extent denervation to the semitendinosis. It was con-
cluded that an injury to the branches off of the tibial 
and common fibular portion of the sciatic nerve had 
occurred. Neurapraxia of the common fibular nerve 
or posterior tibial nerve was not reported.

Based on these results, an MRI was recommended. 
The MRI revealed abnormal signal intensity through-
out all 3 muscles of the hamstring, with a focus of 
extremely low signal intensity extending a length of 
12 cm from the common insertion on the ischium 

Table 2. Objective measurements taken throughout course of treatment.
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Following the reexamination, the plan of care was 
modified to include sciatic nerve glides (both in the 
clinic and at home) in a seated position with the 
knee extended and moving the ankle into dorsiflex-
ion and plantarflexion. Butler proposes that healing 
tissues need movement to assist healing and neural 
glides were added with this goal in mind.11 Neuro-
muscular electrical stimulation (NMES) was included 
to facilitate musclular recruitment of the peroneals 
and tibilalis anterior during active dorsiflexion and 
eversion performed by the patient. This was added 
because the EMG revealed severe, but not complete 
denervation and the treating therapist thought that 
NMES might help with muscular recruitment. She 
was encouraged to continue with her active knee 
and ankle motion at home. 

Visits 13-34 (weeks 12-33 of treatment)
Over the next 22 weeks, lower extremity strengthen-
ing and functional demands were progressed, as 
shown in Table 1. Progression of exercises was based 
on patient strength and ability to perform exercises, 
with focus on proprioceptive training and isolated 
muscle strengthening activities. Emphasis was placed 
on hamstring and dorsiflexion strengthening in both 
open chain and in closed chain through use of single 
leg stability exercises. Her home program continued 
to emphasize nerve glides, as previously instructed, 
as well as active dorsiflexion and knee flexion. Elec-
trical stimulation of the muscles responsible for dor-
siflexion was eliminated from the treatment program 
after visit 16 as the electrical stimulation was not 
improving the quality of muscle contraction over 
volitional contraction of the muscles alone. Electrical 
stimulation was attempted on the hamstrings in order 
to attempt to improve muscle recruitment, but a con-
traction could not be elicited within the amount of 
current tolerated by the patient. 

An initial Biodex™ isokinetic test for knee flexion/
extension was performed at visit 19 (Table 3). Analy-
sis of peak torque revealed a 62.1% flexion strength 
deficit at 60 degrees per second and a 49.9% flexion 
strength deficit at 180 degrees per second when 
compared to unaffected leg. 

By the time of re-examination at week 19, the patient 
was ambulating without restrictions and with a nor-
mal pattern during ADLs, however she continued to 

management to address the patient’s impairments. 
Dependant upon how the patient responded to con-
servative care, the need for neuolysis surgery was to 
be determined. She was re-examined by the physical 
therapist after a 35 day break from conservative 
treatment. This re-examination was performed 89 
days after the original skiing injury. During the time 
off from therapy, she continued to perform active 
range of motion exercises for ankle dorsiflexion and 
eversion, as well as prone knee flexion, (which she 
acquired the ability to perform independently dur-
ing this time). She maintained a very light stretching 
program for the hamstrings, performed in the long 
sitting position, using 30 sec holds. 

Upon examination, muscle recruitment of the biceps 
femoris had increased from the last visit prior to her 
diagnostic testing, but was still greatly reduced when 
compared to the unaffected side. She was able to 
perform a prone hamstring curl without assistance 
and strength was rated at 3/5. Additional objective 
measures are noted in Table 2. The HOS was not 
issued again at this visit. 

Figure 2. MRI image of hamstring. There is diffuse abnor-
mal signal intensity throughout the semimembranosus, sem-
itendinosus, and biceps femoris tendons with a focus of 
extremely low signal intensity proximally. This suggests a 
subacute to chronic tear with fi brosis and diffuse muscle 
atrophy.
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involved extremity. She did not ski the winter fol-
lowing her injury due to fear of reinjury.

Objectively, on the HOS, the patient had improved 
from 65% to 98% for ADLs and 0% to 95% for sport 
activities when compared to her initial visit in physi-
cal therapy. Manual muscle testing was equal 
between legs, rated at 5/5 for all previously tested 
muscles, except great toe extension which was 
graded at a 4/5 bilaterally. Slump-sit testing revealed 
slightly more tension on the left leg versus the right 
but motion was equal. Hamstring flexibility via a 
passive straight leg raise was 86 degrees of hip flex-
ion on the right and 92 degrees on the left. 

Analysis of peak torque via Biodex™ testing (Table 3) 
revealed a deficit in knee flexion strength of 11.5% 
at 60 deg/sec and 23.3% at 180 deg/sec when com-
pared to the uninvolved leg. This demonstrates a 
50.6 percentage point improvement at 60 deg/sec 
and 26.6 percentage point improvement at 180 deg/
sec when comparing the initial testing session to last 
testing session. The deficit that remains at the faster 
testing speed illustrates the patient’s incomplete 
recovery, particularly for higher level activities that 
require faster speeds of muscular contraction, such 
as those required in athletics. Table 3 shows the pro-
gression of strength via BiodexTM testing over the 6 
tests that were performed during the course of PT.   

DISCUSSION
In this case, a patient was able to return to near full 
function following a sciatic nerve injury that occurred 
following a grade 3 hamstring tear. This is the first 

display a notable foot drop if she tried to walk at a 
brisk pace. She had returned to biking without limita-
tion. Strength had steadily improved to 4/5 for 
 hamstrings and 5/5 for eversion and hamstring 
recruitment was continuing to improve, however dor-
siflexion strength did not display a consistent progres-
sion in strength staying at 2+/5. Over the next several 
weeks, the patient noted increased symptoms of dif-
fuse numbness into her lower leg, below the level of 
the knee if she was not diligent with her home exer-
cises. At week 20, due to the subject’s schedule, she 
missed a few days of exercises and noted more numb-
ness in her lower leg. This went away after she 
returned to diligently performing her exercises. 

She attempted to begin a run/walk program in week 
23, but this was difficult as she felt that she did not 
have as much control over her right foot. She contin-
ued to be seen in physical therapy every one to two 
weeks until week 33, at which point she was allowed 
to continue her care independently with a home 
exercise program.

OUTCOMES
Eighteen months after the patient’s initial injury 
and 7 months after her discharge from physical ther-
apy, she returned to the clinic for reassessment. She 
reported occasional numbness in the right lower leg 
which resolved with periods of walking. She reported 
she had returned to running up to 2 miles, 3 times 
per week and completed a 5 kilometer recreational 
run. She denied experiencing pain while running 
but she still described a sense of weakness in her 

Table 3. Biodex™ isokinetic test results for knee fl exion.
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In this case, the patient’s symptoms did not start to 
appear until after she reinjured her leg in a seem-
ingly minor slip on a floor 28 days after the initial 
injury. This is similar to 2 previous case reports in 
the literature, where neural symptoms did not 
appear in subjects until after a subsequent injury.3, 4 

This delayed onset of neural symptoms may indi-
cate that the injury was due more to excessive trac-
tion on the nerve sustained during the re-injury/slip 
versus true entrapment by scar tissue from the ini-
tial muscle injury. It is also possible that the injured 
hamstring muscle did not reactively contract during 
the re-injury/slip, contributing additional traction/
stress to the nerve, thereby exacerbating symptoms. 

In retrospect, neural symptoms that presented in 
this case may not have been recognized immedi-
ately by the treating therapist. Nerve glides were not 
instituted until the patient returned to PT in week 
12 after consultation with MDs (8 weeks after onset 
of neural symptoms). Increased awareness of the 
possibility of sciatic nerve concurrent injury associ-
ated with or following a hamstring injury may have 
led to quicker recognition of signs and symptoms 
and as a result earlier intervention addressing the 
nerve issues. In turn, earlier intervention may have 
led to quicker resolution of symptoms. However, 
with a traction type injury sustained during the slip/
re-injury as hypothesized in the previous paragraph, 
earlier institution of nerve gliding may have been 
detrimental and more gentle nerve mobility inter-
ventions may have been more appropriate. 

Foot drop due to nerve entrapment following ham-
string tears is rarely reported in the literature. To 
date, only surgery has been reported as an interven-
tion to address the nerve entrapment.3-6,8 The out-
comes described by the authors of this case report 
demonstrate how conservative rehabilitation incor-
porating strengthening, stretching, proprioceptive 
training, neural glides and electrical stimulation had 
the potential to allow the described patient to achieve 
satisfactory outcomes without the added cost and 
risks of surgery.  

In summary, this case report documents the success-
ful recovery of a patient from a hamstring tear with 
sciatic nerve involvement through the use of conser-
vative measures. The subject sustained a hamstring 

report of recovery from this type of combined muscu-
lar and nerve injury that did not involve surgical 
intervention. While it cannot be proven in a case 
report that the physical therapy interventions were 
any more effective than time alone, a previous case 
report does not mention spontaneous improvement 
of an injury to the sciatic nerve with time alone.6 Fur-
thermore, in the current case report, when the patient 
stopped performing her nerve glides for a few days 
around week 20, her symptoms started to return. 
Through utilization of prescribed physical therapy 
exercises, the patient was able to regain strength and 
extensibility in muscles, as well as restore normal 
neurodynamics. In the author’s opinion, these gains 
together contributed to her successful outcome.

This case report raises the question of whether 
nerve glides should be a standard part of treatment 
following a hamstring tear. A Cochrane systematic 
review of hamstring strain treatment published in 
2009 did not include use of neural glides in its analy-
sis due to the limited number and quality of articles 
that have mentioned the utilization of this interven-
tion.12 The authors of this case report performed a 
literature search and found two articles that dealt 
with grade I hamstring strains and the use of sciatic 
nerve glides.13, 14 In these articles, neural glides 
improved outcomes in patients with hamstring strains. 
Heiderscheit, Sherry and Silder recently published a 
commentary on rehabilitation after hamstring strains 

stating that while there have been some reports of 
the use of neural mobilizations with grade I strains, 
the use of neural mobilizations for more severe 
strains has not been investigated.15 With regard to 
making neural glides part of a standard treatment 
regime following a hamstring tear, it is certainly 
plausible that neural glides could have a prophylac-
tic effect for preventing scar tissue from developing 
and entrapping nerve structures which lie in close 
proximity to the hamstring muscle bellies. Caution 
should be used during early recovery from a severe 
hamstring strain in case the neural structures were 
injured during the hamstring tear and the healing 
process of the hamstring may be adversely affected 
by motion that is too aggressive. Pain in the ham-
string during exercise should be avoided over the 
first 4-6 weeks post-injury and a nerve sliding tech-
nique versus a more aggressive nerve tensioning 
technique may be best. 
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tear that led to nerve involvement after reaggrava-
tion of the initial injury. EMG findings revealed 
severe denervation of the tibialis anterior and biceps 
femoris. Objectively, patient had weakness in these 
muscles and demonstrated a foot drop during ambu-
lation. Through a rehabilitation program emphasiz-
ing sciatic nerve glides and open and closed chain 
strengthening, the subject was able to return to 
almost all desired activities. She scored 95% on the 
sports subscale of the HOS and 98% on the ADL sub-
scale at 18 months post injury. This is the first pub-
lished case report in the literature describing recovery 
from sciatic nerve involvement after a hamstring 
tear that did not involve surgical intervention.
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Appendix 1. The Hip Outcome Scale (Used with permission of Gunderson Lutheran Sportsmedicine).
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Appendix 1. Continued.
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Appendix 1. Continued.
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 ABSTRACT 

   Rehabilitation following lateral side knee ligament repair or reconstruction has traditionally utilized a con-
servative approach. An article outlining a new concept in rehabilitation following ACL reconstruction 
called the Knee Symmetry Model was recently published 13 . The Knee Symmetry Model can also be applied 
to rehabilitation of other knee pathologies including a knee dislocation with a lateral side injury.  

 This Clinical Commentary describes the rehabilitation procedures used with patients who underwent sur-
gery to repair lateral side ligaments, based upon the Knee Symmetry Model. These procedures were used 
previously to rehabilitate a group of patients with lateral side ligament repair as reported by Shelbourne 
et al 10 . Outcome data and subjective knee scores for these patients were recorded via the International 
Knee Documentation Committee (IKDC) guidelines and modified Noyes survey scores and are summa-
rized in this paper, as previously published. Rehabilitation following lateral side knee ligament repair using 
guidelines based upon the Knee Symmetry Model appears to provide patients with excellent long-term 
stability, normal ROM and strength, and a high level of function.       
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 INTRODUCTION 
 Lateral side ligament injuries (including any or all of 
the lateral side structures) which occur as a result of 
a knee dislocation are quite rare when compared to 
other knee ligament injuries.  1 , 2   In addition, there is 
controversy surrounding the acute treatment of 
these injuries. However, most authors agree that 
knee dislocations with acute lateral side knee liga-
ment injuries should be surgically treated within 
three weeks of injury.  3 , 4 , 5   Some surgeons advocate 
reconstruction, others meticulously repair the 
involved tissues, while others prefer to surgically 
repair the injured ligaments as a unit in an “en 
masse” technique.  6 – 10   The presence of an anterior 
cruciate ligament (ACL) or posterior cruciate liga-
ment (PCL) injury further complicates the surgical 
decision making for lateral side ligament injuries. 

 Regardless of differences in surgical intervention, 
the rehabilitation provided following varied proce-
dures should be examined and described. Due to the 
large amount of stress placed on the lateral side 
knee ligaments during normal activities of daily 
 living (ADL) and sport, many surgeon/physical 
therapist teams take a conservative approach to 
rehabilitation. This is especially evident during the 
early stages of rehabilitation as range of motion limi-
tations and weight bearing restrictions are typically 
implemented.  9 – 12   

 Rehabilitation of the knee following surgical repair 
of the lateral side knee ligaments is dependent on 
several important concepts. First, communication 
between the physician and the physical therapist 
needs to include the pre-operative diagnosis, as well 
as the surgical findings and surgical procedures uti-
lized. Second, optimal outcomes occur when surgery 
is performed within three weeks of the injury.  3 – 5   
Third, since knee dislocations with lateral side liga-
ment injuries rarely occur in isolation, other liga-
ment injuries must be considered in the rehabilitation 
process. 

 Recently, an article describing a rehabilitation 
approach following ACL reconstruction was pub-
lished.  13   In that article the authors describe a “Knee 
Symmetry Model” (KSM) for post-operative rehabili-
tation of the ACL. The primary principle governing 
rehabilitation in the KSM is to restore symmetry 
between the involved and uninvolved knee. Several 

important measurable items for knee symmetry are 
considered in the implementation of this model. 
These include subjective outcome measures and 
objective measures of range of motion (ROM), stabil-
ity, and strength. Although the KSM was initially 
described for rehabilitation following ACL recon-
struction, its principles can also be applied to a vari-
ety of other surgical and non-surgical knee 
pathologies. The principles of the KSM were applied 
to a group of patients who underwent a lateral side 
repair associated with a knee dislocation. The out-
comes were previously reported by Shelbourne and 
Haro  10   and demonstrated the KSM safely and effec-
tively restored ROM, strength, and function. The 
details surrounding the implementation of the KSM 
utilized in the rehabilitation following lateral side 
knee ligament repair are described in this clinical 
commentary.   

 DIAGNOSIS OF LATERAL SIDE KNEE 
LIGAMENT INJURIES 
 Injuries to the lateral side are rare events; however 
when they do occur it is generally part of a multi-
ligament knee injury or knee dislocation. A knee 
dislocation is defined as a grossly unstable knee with 
at least 2 of the 4 ligamentous structures of the knee 
involved.  14   Lateral side injuries often occur in com-
bination with injury to the ACL and/or PCL. The 
mechanism of injury is generally attributed to high 
velocity motor vehicle accidents or low velocity 
injuries that occur during sports like football, soccer, 
and basketball.  15   

 The pre-operative diagnosis is made via history, 
physical examination, and MRI evaluation. Since 
ACL and/or PCL injuries may occur in conjunction 
with lateral side injuries, the physical examination 
incorporates assessment of all four of the major 
knee ligaments. 

 In 2007, Shelbourne and Haro reported a case series 
for 21 patients who sustained a knee dislocation and a 
lateral side injury.  10   The pre-operative diagnosis for 
these cases is listed in  Table 1 . (Reprinted with permis-
sion from SAGE Publications Inc.) All but two patients 
had an ACL, PCL and lateral side knee injury; one 
patient had an ACL and lateral side injury and the 
other had a PCL and lateral side injury. All associated 
ACL injuries were reconstructed, while all associated 
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 SURGICAL PROCEDURES 
 The surgical procedures used for both the lateral 
side ligament repair and the ACL reconstruction 
have been described in detail elsewhere.  10 , 17   In the 
event a patient is greater than 3 weeks post injury 
and has been immobilized, a staged surgical proce-
dure is performed. The lateral side procedure is per-
formed first followed by an ACL reconstruction at a 
later date, if necessary, in order to prevent the poten-
tial complication of a stiff knee.  18   

 If an ACL reconstruction is performed in conjunc-
tion with the lateral side ligament repair a two-inci-
sion mini-arthrotomy technique is utilized.  17   Both 
ipsilateral and contralateral autogenous bone-patel-
lar tendon-bone grafts may be used for the recon-
struction, however in the practice of the authors the 
majority of patients receive a contralateral graft. 
Posterior cruciate ligament tears are left in-situ sec-
ondary to the inherent healing abilities of this liga-
ment.  1   When peroneal nerve injuries are present 
they are not explored. 

PCL injuries were left in situ because they have been 
shown to heal with satisfactory results.  16   The princi-
ples of the KSM were applied to this group of patients, 
and the rehabilitation program utilized along with the 
results are reported in this clinical commentary.    

 PRE-OPERATIVE REHABILITATION 
 Pre-operative rehabilitation goals are to increase ROM 
and decrease swelling/effusion. Patients are pre-
scribed an anti-embolism stocking, a cold-compres-
sion device, and a continuous passive motion (CPM) 
machine to assist in accomplishing these goals. 
Patients undergoing ACL reconstruction are expected 
to have symmetrical ROM and no swelling prior to 
surgery, but this may not be attainable because of the 
necessity of early surgical intervention with lateral 
side knee ligament injuries. However, patients work 
on both passive and active ROM exercises in attempt 
to achieve at least 0 degrees of knee extension to 130 
degrees of knee flexion prior to surgery. Commonly, 
1-2 pre-operative physical therapy visits are neces-
sary in order to achieve the pre-operative goals.   

 Table 1.      Patient demographics. Status of the knee at the time of surgery as evaluated with MRI scan.  a   
( Table 1  from Shelbourne et al 2007  10   reprinted with permissions)  
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the operating room, a subcutaneous drain is placed 
in the knee, an anti-embolism stocking is placed on 
the lower leg, and a cold compression device is 
placed on the leg to assist in swelling reduction.   

 POST-OPERATIVE REHABILITATION  

 General Guidelines 
 When using the KSM for ACL post-operative reha-
bilitation the ultimate goal of treatment is to regain 
symmetry of the knees.  13   The same goals are true 
for a patient with a lateral side knee ligament injury 
repair. To attain these goals, ROM and strength 
become the primary objective measures, and sym-
metry in these measures is the goal. The patient’s 
ability to return to their previous level of activity 
without knee pain or swelling is also emphasized. It 
is important to note that there are no time lines for 
achievement of any of the post-operative goals 
described in this clinical commentary. Patients are 
progressed in accordance to their own unique heal-
ing abilities and progression. Initial post-operative 
goals are to prevent effusion and swelling. Restora-
tion of symmetrical range of motion and strength 
are achieved according to patient tolerance. 

 Return to sports can occur once the patient has 
achieved good stability, symmetrical ROM and 
strength, and he/she is comfortable with the rigors 
of their activity. The criteria used for return to activ-
ity include ROM measures, KT2000 stability testing, 
isokinetic strength testing, and a single leg hop test. 
The authors use the International Knee Documenta-
tion Committee (IDKC) guidelines to define sym-
metrical ROM: knee extension within 2 degrees and 
knee flexion within 5 degrees from the non-involved 
knee. Symmetrical strength (for both isokinetic test-
ing and single leg hop) is defined as strength between 
90-100% of the performance of the non-involved 
knee. Normal stability is a side to side difference of 
less than or equal to 3 millimeters on the KT2000.  23   
To emphasize, when utilizing the KSM for rehabilita-
tion time is not a factor in the progression of the 
program.   

 Immediate Post-Operative Rehabilitation 
 In the immediate post-operative period, patients 
remain in the hospital overnight and receive Keto-
ralac intravenously to assist with pain and swelling 

 A mini-arthrotomy to surgically reconstruct the ACL 
is utilized. Given that the lateral capsule is injured 
with lateral side disruptions, fluid extravasation is a 
problem when performing arthroscopic ACL sur-
gery. The mini-arthrotomy eliminates the problem 
of fluid extravasation (which would occur with an 
arthroscopic approach) and allows for direct visual-
ization of the ACL graft tunnels. In order to prevent 
overstressing the lateral repair, the ACL reconstruc-
tion is performed prior to the lateral repair. The ACL 
graft is tensioned at 30 degrees of flexion after the 
lateral repair is complete. 

 The repair technique for the lateral side ligament 
injury is described as an “en masse” surgical repair.  10   
This procedure is performed via a longitudinal 
 incision from the tibial tubercle to the fibular head 
with the lateral side surgically exposed in a distal to 
proximal fashion. The distal to proximal approach is 
performed due to greater distal disruption thus pre-
venting a large or unnecessary exposure. At the time 
of surgery (approximately 7-10 days post-injury) the 
lateral structures have already formed a healing 
mass (lateral capsule, lateral collateral ligament, 
popliteus tendon, biceps femoris tendon) covered 
by a pseudomembrane. To properly visualize the 
healing mass, the pseudomembrane must be 
entered. Once the injured area has been thoroughly 
investigated, the healing tissue is re-attached “en 
masse” to the anatomical attachment of the lateral 
capsule with a combination of staples and sutures. 
The “en masse” approach is utilized due to the strong 
connection between the structures in the healing 
mass. Thus the “en masse” technique allows the sur-
geon to take advantage of the body’s healing response 
in this area rather than individually repairing each 
component of the lateral side ligaments. Although 
the “en masse” approach does not anatomically 
restore the biceps tendon and the lateral collateral 
ligament to their original position on the fibula, they 
are very close to this position once the procedure is 
complete. When the biceps femoris tendon is torn 
off the fibula, but is not part of the healing mass, it is 
reattached to the fibula with a suture anchor. The 
iliotibial band is not normally torn.  10   

 After completion of the lateral repair and ACL recon-
struction, the knee is moved from 0 degrees exten-
sion to at least 90 degrees of flexion. Prior to leaving 
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are utilized for knee flexion ( Figure 1 ) while knee 
extension is achieved with a heel prop ( Figure 2 ). 
Patients are taught to measure their own flexion 
ROM with the use of a yard stick. This helps the 
patient monitor his/her progress while at home the 
first week ( Figure 3 ) ( Table 2 ).    

    Intermediate Post-Operative Rehabilitation 
 After the first week of bed rest, patients are allowed 
to resume normal activities of daily living. Full 

control. An anti-embolism stocking remains on the 
leg along with a cold/compression device (Cryocuff ™, 
DJ Orthopaedics, Vista, CA) for additional swelling 
and pain control. Patients remain supine with the 
reconstructed/repaired limb elevated in a CPM 
above the level of their heart during the first week 
after surgery in order to help prevent a hemarthro-
sis. Patients are allowed to ambulate for bathroom 
privileges only. During ambulation, patients are 
allowed to bear full weight with the use of a leg 
immobilizer and with or without crutches as neces-
sary for additional support and comfort. The authors 
have found that limiting the activity level during the 
first week post-operatively ensures that the patient 
does not develop excessive swelling and effusion. By 
minimizing swelling, the patient experiences less 
pain and regains full ROM more easily. 

 A continuous passive motion (CPM) machine is ini-
tiated immediately following surgery. The CPM unit 
allows the patient to work on knee flexion ROM 
while maintaining the limb in an elevated position, 
important for swelling control. During the first week 
after surgery, the patient remains supine with the 
reconstructed/repaired leg in the CPM set at 0-30° 
for 24 hours a day with the exception of exercise ses-
sions or bathroom privileges. Patients are instructed 
to perform the following exercises four times per 
day. A passive stretch is performed in the CPM by 
adjusting it to flex the knee up to 125° and is held for 
1 minute. The patient then removes his/her leg 
from the CPM and performs a heel slide. Heel slides 

 Figure 3.      A yard stick is used to measure a patient’s prog-
ress during a heel slide. With the knee at 0 degress of knee 
extension, the yardstick is placed so that the heel is lined up 
with 0 on the yardstick. The patient then performs a heel slide 
fl exing the knee and the yardstick is used to measure the mil-
limeters of displacement of the heel.  

 Figure 1.      The patient slides heel towards his/her buttocks to 
fl ex the knee.  

 Figure 2.      The patient’s heel is on a bolster so that the back 
of the knee and thigh are off the table. Patient allows knee to 
lower into extension.  
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achieve symmetric knee flexion and extension. 
Patients are progressed as tolerated with no imposed 
time frames for achievement of their post-operative 
goals. Range of motion and strength activities are 
continued until bilateral knee symmetry is achieved.   

 The emphasis of rehabilitation turns to strength and 
functional movement once symmetrical ROM has 
been achieved. As mentioned earlier the authors 
use both ipsilateral and contralateral bone-patellar 
tendon-bone graft sources for ACL reconstruction. 
The graft source determines the timing and empha-
sis of strength training. In most cases, the surgical 
technique chosen by the authors uses the contralat-
eral patellar tendon graft which allows for early and 
immediate strengthening of the donor graft knee.  19   
Patients are instructed to perform step down, single 
leg extension and single-leg press exercises to 
strengthen the knee from which the donor graft was 
obtained while working on ROM and swelling 

weight bearing with the immobilizer is encouraged 
and crutches are only used for support or balance 
until the patient is comfortable walking without 
them. When the patient can demonstrate good leg 
control via good quadriceps activation and straight 
leg raises, the leg immobilizer is discontinued. In 
some cases, damage to the common peroneal nerve 
can lead to foot drop. The authors utilize a spring 
loaded ankle foot orthosis to assist with ankle dorsi-
flexion. In the case series reported by Shelbourne et 
al, 3 patients had complete peroneal nerve injury 
and wore an AFO for daily activities and sports.  10   

 During the intermediate phase of rehabilitation the 
goals are to achieve bilaterally symmetrical ROM 
and strength. Both hyperextension and flexion range 
of motion continue to be emphasized, while sym-
metrical knee strength is also pursued. In addition 
to heel props and heel slides patients utilize wall 
slides ( Figure 4 ) and towel extensions ( Figure 5 ) to 

 Table 2.      Post-operative Rehabilitation.  
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control in the ACL reconstructed knee. The authors’ 
rehabilitation program focuses on single-leg strength 
training activities rather than double-leg activities 
because double-leg exercises such as squats and dou-
ble-leg press tend to reinforce the stronger limb. In 
the event an ipsilateral patellar tendon graft is uti-
lized, strength training for the involved knee occurs 
after full ROM is achieved. The same single-leg 
strength training is emphasized and progressed as 
long as no loss of ROM occurs. 

 The progression of the described rehabilitation has 
no imposed time frames, testing measures are 
implemented at specific times in order to monitor 
progress, guide rehabilitation, and advise regarding 
readiness for return to activities and sports. ROM 
measures are initiated immediately and stability 
testing using the KT-2000 usually begins approxi-
mately 1 month after surgery when swelling has 
decreased, extension is symmetrical, and flexion is 
at least 120°. Isokinetic strength testing (without 
the use of an extension block) usually occurs first 
around 2 months because by this time patients have 
appropriate ROM and have initiated a strengthening 
program that allows them to perform the testing. 
Ultimately the patient is expected to have symmet-
rical quadriceps and hamstring strength as well as 
normal unilateral quadriceps and hamstring 
strength ratios.  20 , 21   Bilateral quadriceps and ham-
string strength is evaluated at 180 and 60 degrees 
per second with an isokinetic device. When the 
patient achieves at least 80% strength with iso-
kinetic testing, a single leg hop test is also used to 
determine readiness in returning to agilities and 
competition.  22   Sport related activities such as light 
jogging and shooting a basketball are initiated once 
the patient has achieved bilaterally symmetrical 
ROM and 80% strength compared to the contralat-
eral limb, or 80% of pre-operative normal values 
when a contralateral graft is used. While these activ-
ities are normally initiated at 2-3 months post-sur-
gery, progression is based on criteria and not by 
time. The KT-2000 arthrometer test is performed 
during follow up visits at 2, 4, 6, 9 months and 
1 year to monitor stability.  23     

 Return to Activity Phase 
 Strength testing is performed at 2 months after sur-
gery. This includes open kinetic chain (OKC) isokinetic 

 Figure 5.      The patient holds on to the ends of a towel that is 
wrapped around the ball of the foot. While using one hand to 
hold part of the leg above the patella down on the table, the 
other hand pulls the ends of the towel so that the knee is 
hyperextended and the heel lifts off the table.  

 Figure 4.      In supine with buttocks close to the wall and heels 
on the wall, the patient allows the heel to slide down the wall 
fl exing the knee.  
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gain a greater understanding of long term results, patients 
are asked to complete an outcome questionnaire (Inter-
national Knee Documentation Committee – IKDC) at 
6 months, and 1, 2, 5, and 10 years post surgery.  24      

 OUTCOMES 
 The results from a recent case series of 21 patients 
with lateral side ligament injuries rehabilitated using 
the KSM has been reported in the literature. Subjec-
tive evaluations occurred for 21 patients at 5.6 years 
postoperatively and mean objective measures for 17 
patients at 4.6 years postoperatively. The objective 
measures for the 17 patients are contained in  Tables 1  

testing at 180 and 60 degree per second speeds, an iso-
metric leg press test and when appropriate, a single-leg 
hop test. When strength parameters are within 80% of 
the contralateral side, or 80% of pre-operative normal 
 values when a contralateral graft is used, a functional 
 progression for return to sport is implemented. The func-
tional progression used by the authors begins with indi-
vidual agility drills followed by sport specific drills. 
Patients can return to their sport once they have com-
pleted the functional progression necessary for their 
sport. Generally patients treated by the authors return to 
sports from a lateral side knee ligament repair in 4-6 
months post surgery. To follow patient progress and to 

 Table 3.      Objective physical examination results.  a   ( Table 2  from Shelbourne et al 2007  10   reprinted with permission)  
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articles which specifically report restoration of sym-
metrical and equal knee hyperextension as part of 
the rehabilitation program or the outcome measures 
in patients following lateral side ligament surgery. 
Therefore, the application of the KSM for rehabilita-
tion following a lateral side ligament injury with 
subsequent repair was thoroughly described. 

 The KSM has previously been applied to rehabilitation 
following ACL reconstruction.  13   This rehabilitation 
program focuses on restoring the involved extremity to 
be symmetrical in ROM, strength and function to the 
opposite side. Patients are allowed to progress as 
quickly as possible and time constraints are no longer 
the limiting factor. Instead, patients progress based on 
their own healing potential and various objective crite-
ria with knee symmetry as the ultimate goal. 

 Traditionally, rehabilitation following lateral side 
knee ligament repair is more conservative than ACL 
post-operative rehabilitation. Many protocols have 
significant restrictions on ROM, limit weight bear-
ing, and require the use of a brace post-opera-
tively.  9 , 11 , 12   However, due to the type of surgery and 
the strength of the surgical fixation with the lateral 
side repair, the authors of this commentary believe 
the KSM for rehabilitation does not require any of 
these restrictions or limitations. 

 The results reported by Shelbourne and Haro  10   
demonstrate that the rehabilitation using the KSM 
can provide excellent outcomes for patients who 

and  3 . Additionally  Tables 4  and  5  contain objective 
information for this group of patients.  Table 3  out-
lines the post-operative outcome measures from our 
previous publication.  10   (Reprinted with permission 
from SAGE Publications Inc) Subjective scores 
obtained at a mean of 5.6 years postoperatively for 
the IKDC questionnaire and the modified Noyes sur-
vey were 91.3 and 93.0 respectively ( Table 4 .)  25   Six-
teen out of 17 patients achieved normal knee ROM 
and 1 patient achieved nearly normal ROM ( Table 5 .) 
Fifteen patients achieved greater than 90% strength 
at 180 degree isokinetic strength testing, and 16 
patients achieved greater than 90% strength at 60 
degree isokinetic strength testing ( Table 6 .) Sixteen 
patients had greater than 90% on the single leg hop 
test. The mean KT-2000 manual maximum differ-
ence was 2.2 ± 1.3 mm. The mean activity level was 
an 8.9 out of 10 points.  26   Of the 16 patients injured in 
sports, 13 were able to return to the same level of 
athletic competition after surgery at a mean of 5.9 
months after surgery.    

   DISCUSSION 
 This is the first article that describes rehabilitation 
procedures using the KSM following lateral side 
knee ligament repair. This article is designed to 
complement the surgical procedure described in the 
literature by Shelbourne et al in 2007.  10   Many of the 
articles written on lateral side injuries provide mini-
mal to no description of the rehabilitation associated 
with a particular surgical procedure.  3 , 4 , 5 , 9 , 11 , 27 , 28   In par-
ticular it should be emphasized that hyperextension 
of the knee is considered in the KSM. The authors 
believe that restoration of hyperextension equal to 
the contralateral or uninjured side is an important 
goal of rehabilitation not only after ACL reconstruc-
tion, but also after lateral side ligament repair. All of 
the range of motion measures utilized in the KSM, 
including hyperextension, are compared to the con-
tralateral side. The authors are unable to find other 

 Table 4.      Mean Subjective and Objective 
Scores.  a    

 Table 5.      The number of patients in each ROM category as 
defi ned by the International Knee Documentation Committee.  a    

Table 6. Frequency Distribution for Quadriceps Muscle 
Strength at 180° and 60°/second.
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were described in the current paper. The outcomes 
previously reported revealed excellent results both 
subjectively and objectively. Based upon the existing 
data, it appears the KSM can be successfully applied 
during rehabilitation following lateral side knee liga-
ment repair. Further studies examining the application 
of the KSM with larger samples, other knee injuries, 
and additional surgical procedures are warranted.     
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  ABSTRACT  

 Chronic tendinopathy is a common musculoskeletal disorder that frequently affects athletes who train and 
compete at all levels. This Clinical Commentary presents a review of the etiology, incidence, and contribu-
tory factors related specifically to patellar tendinopathy. Examination and differential diagnosis consider-
ations are provided, and an evidence-based, staged rehabilitation program is described.    
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 INTRODUCTION 
 Chronic tendinopathy is a common musculoskeletal 
disorder affecting both recreational and elite ath-
letes potentially leading to disability lasting several 
months. Overuse tendon injuries account for 7% of 
the injuries seen in United States physician offices  1   
and 40% of knee injuries in volleyball players.  2   
Chronic patellar tendon conditions, also known as 
patellar tendinosis or “jumper’s knee”, are numer-
ous in elite athletes who run and jump as in volley-
ball (44%) and basketball (32%).  3   Similar activity 
occurs in soccer and dancers, who also participate in 
repetitive kicking, jumping, and landing.  2 , 3   A higher 
prevalence is noted in sports with high impact bal-
listic loading of the knee extensors.  3   This disorder is 
a nemesis in weight lifters due to recurrent heavy 
load squatting.  4   Patellar tendon overuse is also seen 
in military recruits, accounting for 15% of all of their 
soft tissue injuries  5   and up to 22% incidence in the 
overall athletic population.  3   

 Microtrauma can occur when the patellar tendon is 
subjected to extreme forces such as rapid accelera-
tion -deceleration, jumping, and landing.  2   The pos-
terior proximal patellar tendon is subjected to 
greater tensile tendinous forces as compared to the 
anterior region, especially with jumping activities 
and deep squat exercises, with forces up to 17 times 
body weight being placed on the patellar tendon in 
Olympic weight lifters.  2 , 4 , 6 , 7   Patellar tendinopathy 
occurs more frequently in those skeletally mature 
adolescents or adults, ranging from ages 16-40 
years.  8 – 10   There is disagreement as to whether the 
incidence is more common in males than females, 
although recent studies show equal occurrences in 
both genders.  2 , 11 , 12   Acute tendinitis involves an active 
inflammatory process, often occurring following an 
injury, which if treated, properly heals in 3-6 wks.  13   
In contrast, chronic patellar tendinopathy, also 
referred to as patellar tendinosis, manifests itself 
after 6 wks-3 months as degenerative changes occur 
in the tendon  13 , 14   These changes include absence of 
inflammatory cells in the tendon, a tendency toward 
poor healing, and decreased quality and disorganiza-
tion of collagen fibers, both of which may lead to 
decreased tensile strength.  13 , 14   Additionally, neovas-
cularization, the growth of new vasculature in areas 
of poor blood supply, is common in chronic tendi-
nopathy and may contribute to pain perception.  13 , 15   

While the relationship between pain perception and 
neovascularization is not clearly understood, it is 
believed that increased levels of the neurotransmit-
ter glutamate may play a role.  16   Overuse in athletes 
who continue to push past pain may contribute to 
the development of a chronic and problematic con-
dition taking 3-6 months to heal.  17   

 Many factors, both intrinsic and extrinsic, contribute 
to patellar tendinopathy.  11 , 12   Intrinsic factors such as 
strength imbalance,  1 , 12   postural alignment,  11 , 12   foot 
structure,  11 , 12   reduced ankle dorsiflexion,  18   and lack 
of muscle strength or flexibility  12   may play a role. 
However the primary cause appears to relate to the 
extrinsic factor of overuse. For example, an increased 
physical load, repetition, intensity, frequency, and or 
duration of greater than 10% per week in the training 
schedule all contribute to this overuse syndrome.  19   
Additionally fatigue, poor technique, and training 
errors may play a role in this disorder.  20 , 21   Further 
extrinsic etiologic considerations for injuries may 
include improper training surfaces, insufficient foot-
wear or inappropriate equipment.  20   Progressing 
physical loading, high intensity training, or repeti-
tive loading too fast may contribute to the develop-
ment of patellar tendinopathy.  20   This microtrauma 
or “overuse” injury develops from repetitive mechan-
ical loading of the tendon through excessive jump-
ing and landing activity. Training duration within a 
session or a season is the most common reason for 
overuse.  21   Drastic changes in frequency and or inten-
sity of training may also lead to overuse training 
errors.  19   A general rule of thumb for acceptable pro-
gression of training is a 10% increase in intensity, 
duration, and frequency per week.  19     

 EVALUATION 
 The purpose of the evaluation is to differently diag-
nose between conditions affecting the patella. A com-
prehensive evaluation includes detailed examination 
of both intrinsic and extrinsic factors. A detailed his-
tory of a patient’s workout schedule and duration of 
symptoms is paramount to making a correct diagno-
sis. If symptoms have lasted longer than 6 weeks, ten-
dinopathy should be suspected. Evaluation of chronic 
patellar tendinopathy should include the utilization 
of Blazina’s knee scale  22   or Kennedy’s scale  23    ( Table 1 )  
which both assist the rehabilitation professional to 
gauge the severity of the tendinopathy. Patients with 
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 REHABILITATION     

 Stage 1: Initial Rehabilitation       Controlled 
Rest 
 Controlled rest is critical in the recovery of patellar 
tendinopathy. During this phase of rehabilitation, 
the athlete should refrain from sports activity or 
abstain from the overuse abuse, and practice con-
trolled exercise without load.  11 , 27   During this phase, 
patient education regarding activity is paramount. It 
is critical to recovery to avoid jumping or deep squat-
ting (  Table 2 ) . Progressing to relatively pain free 
activities, such as stationary cycling, performing 
exercises on a Total Gym®, or working in an aquatic 
environment can help maintain physical stamina, 
and yet unload the tendon. Kennedy et al  23 , 28   sug-
gested subjects with pain in stage 1 tendinopathy 
(pain only after activity) or stage 2 (pain during and 
after activity) adapt their training schedule, whereas 
subjects in stage 3 (pain during and after workouts 
that affects performance) may need total rest from 
aggravating activities. The athlete in stage 3 may 
still exercise aerobically, but must avoid irritating 
activities.  23 , 28   Visnes et al  29   reported that volleyball 
players who continued to train and compete during 
an eccentric rehabilitation exercise program showed 
no benefit from rehabilitation exercises. Therefore, 
Visnes et al  29   suggested that patients be removed 
from sports participation while undergoing an 
eccentric-only rehabilitation program, then resume 
competitive sports training after 8 weeks, with a 
gradual return to sporting activity over the next 4 
weeks.  29 , 30      

patellar knee pain may grade pain as general achi-
ness after activity (Blazina Stage 1) to pain during and 
after activity which interferes with competition (Bla-
zina Stage 3). Total tendon disruption is present in 
Blazina Stage 4.  22    

 Physical examination during all stages reveals ten-
derness to palpation and pain over the inferior pole 
of the patella  24   and possibly in the body of the ten-
don.  24   Thickness of the tendon may be noted also in 
all stages, but it is rare to see effusion. Pain in the 
patellar tendon may be reproduced with resisted 
knee extension.  24   Additional functional tests of 
ascending or descending stairs, performing single leg 
declining squats, jumping or hopping will most likely 
reproduce patellar pain symptoms.  25   Patients such as 
weight lifters may complain of a “giving way” or a 
perception that knee will “buckle” under load as well 
as stiffness or achiness after activity.  22   Additionally, 
they may complain of stiffness or achiness after 
activity (Blazina stage 3 or Kennedy Stage 4). 

 The evaluation should include history, age and any 
recent growth spurts, location of pain, and special 
tests. The rehab professional should be able to dif-
ferentiate between patellar tendinopathy and addi-
tional diagnoses of 1) patellofemoral dysfunction 
(more diffuse patellar pain),  12   2) Sinding-Larsen-
Johansson Syndrome(skeletally immature adoles-
cents with pain in the inferior pole of the patella),  26   
and 3) Osgood Schlatter’s disease (skeletally imma-
ture adolescents with pain at the attachment of 
patellar tendon at the tibial tubercle with possible 
tibial tubercle enlargement).  10     

 Table 1.      Scales to assist in evaluating patellar tendinopathy.  
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 Table 2.      Progression of rehabilitation exercises for patellar tendinopathy.  
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may contribute to tendon overload during jumping 
and landing activities.  12   Lower extremity stretching 
of 15, 30, 45, or 60 seconds or 2 minutes produces 
significant gains in flexibility in healthy young or 
middle age adults.  40 , 41   Static stretching of 30 seconds 
at least three to four times per day is recommended 
by various authors.  34 , 40 , 41   

 Soft tissue mobilization (STM) is used to reduce pain 
and fibrotic limitations in tissue found in patellar 
tendinopathies.  42   Deep transverse friction massage 
for 5-10 minutes twice daily is recommended to help 
promote normalized collagen alignment.  43 – 45   Hunter 
found that firm pressure during cross friction mas-
sage is more effective than light to moderate pres-
sure.  43 , 44   Use of a rigid instrument, such as a stainless 
steel or hard plastic tool, may provide accelerated 
early tissue level healing in ligamentous and tendi-
nous injuries  ( Figure 1 ) .  45 , 46   Furthermore, STM applied 
transversely to the line of collagen fibers while the 
tissue is placed under tension may assist damaged 
tissue to regain tensile strength and proper fiber ori-
entation in the early stages of healing.  44   Patients can 
be educated to perform STM daily until tissue is nor-
malized and pain is absent with palpation.  

 Eccentric exercises play an important role in chronic 
patellar tendinopathy rehabilitation. Performing 
eccentric squats on a 25° decline board for 3 set of 
15 repetitions twice daily is suggested.  2 , 22 , 23 , 25 , 36 , 37 , 47   
Loading a tendon in a controlled environment 
free from overuse with progressive stress improves 

 Interventions 
 Rehabilitation incorporates three stages ranging 
from limited partial weight bearing loaded exercise 
to a sports specific return to play protocol. Since 
overuse is a primary contributor to patellar tendi-
nopathy, it is important to avoid rapid progression in 
frequency, intensity, and duration in rehabilitation 
and functional progression.  19   Since most athletes 
with patellar tendinopathy are treated non-opera-
tively,  31   it is imperative to understand rehabilitation 
protocols and implement them wisely. Eccentric 
exercise has been promoted as an important conser-
vative treatment choice for patellar tendinopa-
thy  2 , 32 , 33 , 34 , 35 , 36   as well as for Achilles tendinopathy.  37 , 38   
However, a variety of protocols have been imple-
mented for rehabilitation intervention.  2 , 25 , 32 – 37   For 
example, the Alfredson protocol  37   of eccentric exer-
cise intensity to pain level up to 5/10 directly con-
trasts the early work of Stanish and Curwin  34   who 
suggest that exercise only be performed without 
pain. Because no standard rehabilitation protocol 
has been established as it relates to pain symptoms 
secondary to tendinopathy, the following protocol 
has been developed by this author, involving a pain-
free intervention progressing from partial body 
weight to full body weight positions. 

 Initial treatment for patellar tendinopathy includes 
the following: absence from jumping, relative rest 
(absence of abuse),  27   stretching of lower extremity 
musculature, deep transverse friction massage of 
the patellar tendon, eccentric quadriceps exercises, 
strengthening of hip and knee musculature, utiliza-
tion of a patellar orthotic (if needed), and cryother-
apy. Since patellar tendinosis is a chronic, non-acute 
condition, inflammation is absent. Thus, anti-inflam-
matory medications (NSAIDs) are seldom effective.  39   
Additionally, the use of cortisone injections may 
negatively affect tendon strength and may possibly 
result in tendon rupture.  16   

 Prior to initiating exercise, a warm-up and stretching 
period is recommended.  38   Cycling on a stationary 
bicycle for 5-10 minutes with minimal resistance is 
suggested as an active warm-up. Next, stretching 
should be incorporated into the program before and 
after the exercise routine in order to address any 
flexibility imbalances  ( Table 2 ) . Hip flexor, quadricep, 
hamstring, and gastrocnemius and soleus tightness 

 Figure 1.      Soft tissue mobilization. 1a: Deep friction with use 
of device (longitudinally). 1b: Deep friction with use of device 
(cross-friction).  
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tendon function.  31   A controlled tendon loading exer-
cise program can be initiated through utilization of a 
Total Gym® (  Figure 2  ), Shuttle® (  Figure 3  ), or a pool. 
Using a decline board, more specifically targets the 
patellar tendon (25-30% higher patellar tendon 
forces)  35   as compared to squats performed on flat 
surfaces which more likely targets the quadriceps 
muscle. This specificity of tendon training allows 
the patient to progress faster than on a squat on flat 
surface secondary to a better isolation of the knee 
extensor mechanism. The patient performs partial 
weight bearing eccentric squats in a pain-free range 
of motion by placing a 25° decline board on a Total 
Gym® (  Figure 2  ) or Shuttle® (  Figure 3  ). Progression 
occurs as the angle of the Total Gym® or the resis-
tance on the Shuttle® is increased. Likewise, a simi-
lar approach can be used in the pool with a decline 
board on the pool floor in shoulder deep water. Pro-
gression occurs from moving to waist deep water, 
then shallower hip deep water.   

 A patient is ready to progress when they can easily 
complete the 3 sets of 15 repetitions of eccentric 
squats on a decline board pain-free. As one improves, 
decline squats can increase in difficulty from 
bilateral eccentric to unilateral eccentric, then to 
concentric-eccentric contractions,  37 , 49   During the 
concentric phase of the squatting motion, initially 
one should use the unaffected leg to extend the knee, 
then lower eccentrically bilaterally; progressing to 

 Figure 2.      2a: Patient initiates knee extension concentrically 
by extending the unaffected extremity. 2b: Progression to 
bilateral eccentric lowering with both lower extremities 2c: 
Progression to full weight bearing on the affected extremity 
eccentrically descends to at least a 60° angle.      

 Figure 3.      Unloaded squats can be performed on a Shuttle®. 
If signifi cant pain with eccentric lowering, eccentric squats 
can performed bilaterally.  
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single limb eccentrics using the affected leg. Addi-
tionally, speed should be addressed throughout 
rehabilitation. Bilateral slow speed decline squats 
are encouraged during the first week of rehabilita-
tion while faster speeds are encouraged during the 
second week. Although pain reported by the patient 
of up to level 5/10 on the Visual Analog Scale is com-
mon with some of the documented eccentric pro-
gressions of exercise,  37 , 49   other authors have found 
exercising without induced pain to be beneficial to 
healing.  34 , 50   This non-painful protocol may benefit 
the non-athlete as well. Sayana et al  50   found only 
56% of non-athletic subjects benefitted from full 
weight bearing eccentric painful squat exercises. 
Therefore, this pain-free protocol is recommended 
by the author of this commentary for all individuals 
with patellar tendinopathy. 

 Squatting depths are controversial among health 
professionals and coaching instructors. Squatting 
should be limited to no greater than 60-70° knee 
flexion  51 , 52 , 53   due to the excessive forces on the patel-
lofemoral joint, patellar tendon, and the meniscus, 
although some studies encourage full depth squats 
to 90 degrees.  30 , 36   Other patellar tendinopathy proto-
cols  36 , 53   had subjects performing squats slowly to 
60° and 70° knee flexion respectively. Dillon et al  52   
found significantly greater forces on the posterior 
fascicles of the patellar tendon between 60-90° of 
squatting. Squatting depths can be easily controlled 
on a Total gym®, Shuttle®, or in the upright, full-
weightbearing position. 

 A proximal hip and thigh strengthening program 
including “around the world” leg raises (straight leg 
raises, sidelying hip abduction /hip adduction and 
prone hip extension) with concentration on eccentric 
lowering is important  ( Figure 4 ) . Hip strengthening 
exercise with a 2 second concentric leg lift, followed 
by a 4 sec eccentric leg lowering is encouraged. Hip 
strengthening exercises (with no weight initially) 
combined with the decline eccentric squats should be 
an essential element of injury and rehabilitation pro-
grams.  55 – 57   Education of the patient to perform exer-
cises at home is also key to full recovery.  

 Although ice has been shown to reduce inflammation 
in acute conditions, varied results are found with the 
use of ice in chronic conditions.  34 , 58   Ice massage for 

 Figure 4.      “Around the World” leg raises. 4a. Straight leg 
raise 4b. Hip Abduction side leg raise 4c. Hip adduction inside 
leg raise 4d. Hip extension prone leg raise.  
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through a weighted belt, vest or bag, or by using a 
backpack with weights. Once the subject can per-
form decline squats easily and without pain, 
weights can be added in 5 kg increments, starting 
with 10% of body weight.  29   ,   53   Double leg jumping 
squats on the Shuttle® or Total gym® may be initi-
ated at weeks 4-5 at a progressive resistance level 
that does not produce patellar pain. The stretching 
program as well as the “around the world” leg raise 
routine using progressive ankle weights (1-2# per 
week) should be continued. Additionally, deep-fric-
tion massage  and ice following exercise should be 

5 minutes or ice pack to the patellar tendon can be 
applied for up to 10 minutes following the exercise 
program.  34   Knobloch et al  58   found intermittent cryo-
therapy of 3 sets of 10 minutes significantly decreased 
local Achilles tendon mid-portion capillary blood flow 
by 71%, thus promoting venous capillary outflow 
in the tendon. Many common modalities, such as 
iontophoresis,  59   ultrasound,  60 , 61   and electrical stimula-
tion  62 , 63   have not been found to be effective in treat-
ment of chronic tendinopathy. Extracorporeal shock 
wave therapy (ESWT) for patellar tendinopathy 
shows promise as a safe treatment based upon a lit-
erature review of seven studies, although no specific 
treatment regime is recommended.  64   A systematic 
review of low level laser treatment (LLLT) shows 
potential effectiveness for treating tendinopathy when 
recommended dosages are used.  65   

 Orthotics or taping may be beneficial for patellar 
tendinosis. The Chopat® strap, or other varied patel-
lar tendon straps can help stabilize the tendon with 
jumping activities, and may be used during rehabili-
tation. Although various authors  25 , 66 – 68   suggest use of 
such orthotics, no randomized controlled trials have 
been conducted examining their efficacy in patellar 
tendinosis, and therefore evidence is lacking to the 
effectiveness of a patellar strap. Further research 
need to be conducted regarding the use of such 
devices.   

 Stage 2: Progression 
 After pain symptoms decrease, progress the patient 
to upright 25� decline eccentric squats (3 sets of 15 
repetitions twice daily), utilizing the bilateral- uni-
lateral- eccentric-concentric progression as outlined 
previously. The eccentric exercise program should 
be progressed from partial-weight bearing to full 
weight bearing  ( Figure 5 ),  then to weighted resistance 
using a back pack or weighted vest  ( Figure 6 ) . Speed 
can be increased during the concentric-eccentric 
phase, finally progressing to more ballistic type 
activity (jump squats) to prepare for return to func-
tional activities. Once symptoms have subsided, 
patients with tendinopathy should be encouraged to 
continue eccentric strengthening exercise even after 
their return to sport.   

 As previously mentioned, resistance weight may 
be added to the single squat eccentrics, either 

 Figure 5.      Decline squats. 5a. Ascending to upright can be 
performed with the majority of weight on the unaffected leg. 
5b.Upon descent, full weight is placed on the affected extrem-
ity as the patient eccentrically lowered to at least a 60° angle.  
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 Avoidance of sports activity during the first 8 weeks 
is crucial for continued healing. Those who have 
continued to train and compete in sports activities 
during treatment progression have demonstrated 
little change in prognosis.  29     

 Stage 3: Sports Specifi c: 
Return to Play 
 In this phase, the athlete should continue the above 
routine, adding more weight in 5 kg increments with 
the weighted eccentric decline squats. Progression 
to a drop squat, involving rapidly eccentrically drop-
ping into a stationary squat position, should include 
3 sets of 20 reps with incremental weight as above.  69   
Three sets of 15 repetitions daily of eccentric step 
downs off of 4�, 6� and 8� height steps performed 
with minimal to no discomfort are appropriate as 
well  ( Figure 7 ) .  54   Jumping activities can then be 
added to this routine. Progression of double leg 
jumping squats (involving concentric and eccentric 
jumping in a squat position repetitively) on the 
Shuttle® or Total gym® to a single leg jump should be 
initiated before beginning standing jumps. Follow-
ing pain-free movement off of the 6-8� step down, 
progress to drop jumps.  34 , 69   Progression includes 
drop jumping off small step (4�), progressing to 6� 
and 8� steps when 3 sets of 20 repetitions daily are 

maintained. At 4 weeks, slow pain-free jogging on 
flat ground, as well as resisted cycling or water jog-
ging can be added.  30   

 Figure 6.      To progress patient, add weighted backpack.  

 Figure 7.      Step Downs. 7a. Step down off 4� step. 7b. Step down off 8� step.  
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position at a dosage of 3 sets of 15 repetitions twice 
daily for 12 weeks. Progressive jumping activities 
are added midway through the program. Other con-
siderations may include slow progression back to 
sporting events after 2-3 months, assuming the ten-
don site is pain-free in all activities. 

 A variety of rehabilitation techniques are necessary 
to assist an individual in returning to recreational 
activities following patellar tendinopathy. A combi-
nation of active rest, education, eccentric exercise, 
progressing the training regime by 10% weekly, and 
modifying activity have all been found to be effec-
tive in tendinopathy treatment.  19 , 70       
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ABSTRACT

Suboptimal breathing patterns and impairments of posture and trunk stability are often associated with 
musculoskeletal complaints such as low back pain. A therapeutic exercise that promotes optimal posture 
(diaphragm and lumbar spine position), and neuromuscular control of the deep abdominals, diaphragm, 
and pelvic floor (lumbar-pelvic stabilization) is desirable for utilization with patients who demonstrate 
suboptimal respiration and posture. This clinical suggestion presents a therapeutic exercise called the 
90/90 bridge with ball and balloon. This exercise was designed to optimize breathing and enhance both 
posture and stability in order to improve function and/or decrease pain. Research and theory related to the 
technique are also discussed. 
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INTRODUCTION 
Many muscles used for postural control/stabiliza-
tion and for respiration are the same, for example: 
the diaphragm, transversus abdominis, and muscles 
comprising the pelvic floor.1-6 Maintaining optimal 
posture/stability and respiration is important and is 
even more challenging during exercise. Exercise 
increases respiratory demand (e.g. running) and 
limb movements (e.g. arms moving while standing 
still) increase postural demands for stabilization.3, 7 
Maintaining an optimal balance of these muscles for 
both respiratory and postural/stability roles is chal-
lenging. Many factors are potentially involved with 
suboptimal respiration and suboptimal (faulty) pos-
ture and may be associated with musculoskeletal 
complaints such as low back pain, and/or sacroiliac 
joint pain.8 (Table 1) 

One of the most critical factors, often overlooked by 
physical therapists, is maintaining an optimal zone 
of apposition of the diaphragm.3, 9-11 The zone of appo-
sition (ZOA) is the area of the diaphragm encompass-
ing the cylindrical portion (the part of the muscle 
shaped like a dome/umbrella) which corresponds to 
the portion directly apposed to the inner aspect of 
the lower rib cage.12 The ZOA is important because it 
is controlled by the abdominal muscles and directs 
diaphragmatic tension. When the ZOA is decreased 
or suboptimal, there are several potential negative 
consequences. (Table 1) Two examples include: 

1. Inefficient respiration (less air in and out) because 
the transdiaphragmatic pressure is reduced.11 The 
smaller the ZOA, there will be less inspiratory action 
of the diaphragm on the rib cage.11 

2. Diminished activation of the transversus abdomi-
nis which is important for both respiration and lum-
bar stabilization.11, 13 

In an athletic population, low back pain (LBP) is one 
of the most common reasons for missed playing 
time by professional athletes.14, 15 Low back pain is 
defined as pain that occurs between the 12th rib and 
the gluteal fold. This region includes the osseous 
structures and soft tissue of the lumbar segments 
and the sacroiliac joints (SIJs).16 The incidence of 
LBP has been documented to be as high as 30% in 
the athletic population, and in many cases pain may 
persist for years.15 Low back pain is frequently 

correlated with faulty posture such as an excessive 
lumbar lordosis.16,17,18 Excessive lumbar lordosis may 
be associated with over lengthened and weak abdom-
inal musculature.18-20 Poor neuromuscular control 
of core muscles (transversus abdominis, internal 
oblique, pelvic floor and diaphragm) has been 
described in individuals with SIJ pain21 and in indi-
viduals with lumbar segmental instability, poten-
tially adversely affecting respiration.22 

Rehabilitation programs prescribed by physical ther-
apists with the goal of decreasing lumbar-pelvic 
instability via specific stabilization exercises have 
been shown to decrease LBP.23, 24 These stabilization 
exercises utilize verbal and tactile cuing in order to 
educate the patient to voluntarily contract the trans-
versus abdominis and multifidi via the abdominal 
drawing in maneuver (ADIM) in a variety of positions 

Table 1. Possible factors associated with suboptimal 
respiration and posture.
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diaphragm function may be effective in managing 
patients with LBP,21 they did not describe strategies 
or exercises to achieve this goal.21 

The purpose of this clinical suggestion is to discuss 
the clinical value for patients/athletes in perform-
ing an exercise called a 90/90 Bridge with Ball and 
Balloon by discussing the exercise as it relates to 
suboptimal respiration and posture. 

ANATOMIC BACKGROUND 
While the role of the Transversus abdominis in lum-
bar stability is well documented, less well known is 
the role of the diaphragm in lumbar stability. While 
the primary function of the diaphragm is respira-
tion, it also plays a role in spinal stability.3, 28 Hodges 
et al. conducted an electomyographic (EMG) study 
with five subjects who were required to rapidly flex 
their left arm at the shoulder (while in standing posi-
tion) in response to a visual stimulus. The authors 
reported that the diaphragm is involved in the con-
trol of postural stability during sudden voluntary 
movement of the limbs.3 Subsequently, Hodges 
et al. reported in an EMG study that the separate 
demands on the diaphragm to control pressures in 
the thorax for breathing and abdomen for stabiliza-
tion of the lumbar spine can be combined; however 
when the demand for breathing increases, the role 
of the diaphragm in postural stability declines.6 

The diaphragm is comprised of two separate mus-
cles, the right hemidiaphragm and left hemidia-
phragm, which are innervated by the right and left 
phrenic nerves respectively. The hemidiaphragm’s 
proximal attachment site is the central tendon.29 
The section anterior and lateral to the central ten-
don attaches distally to the zyphoid process of the 
sternum and ribs 7-12 and is referred to as the costal 
border of the diaphragm. The overall shape of the 
diaphragm is a dome, with the apex (the central ten-
don) around the level of T8.12, 30-32 The right hemidia-
phragm attaches distally to the anterior portions of 
the first through third lumbar vertebrae (L1-3) and 
the left hemidiaphragm attaches distally on the first 
and second lumbar vertebrae (L1-2).29 This section 
of the diaphragm is referred to as the crura. Of inter-
est is the asymmetrical attachment of the diaphragm 
with the left hemidiaphragm attaching to L1-2 and 
the right portion attaching to L1-3.

such as supine, sitting, sit to stand, standing and sin-
gle leg standing.25 Stabilization exercises have also 
included co-contraction exercises of the abdominals 
and lumbar extensor muscles.26 In spite of decreas-
ing LBP with stabilization exercises, the rate of recur-
rence of LBP,15 suggests that there may be a missing 
component to traditional stabilization exercise pro-
grams. Traditional stabilization exercises that have 
included transversus abdominis, multifidi and/or 
paraspinal activation are not always sufficient to 
prevent future episodes of pain. Perhaps stabiliza-
tion exercises that encourage an optimal ZOA of the 
diaphragm which in turn promotes optimal activa-
tion of the transversus abdominis may further help 
to address suboptimal respiration and posture which 
may be associated with LBP.

Richardson et al.27 describe coordination of the Trans-
versus abdominis and the diaphragm in respiration 
during tasks in which stability is maintained by tonic 
activity of these muscles. During inspiration, the dia-
phragm contracts concentrically, whereas the trans-
versus abdominis contracts eccentrically. The muscles 
function in reverse during exhalation with the dia-
phragm contracting eccentrically while the transver-
sus abdominis contracts concentrically. Hodges et al. 
noted that during respiratory disease the coordinating 
function between the transversus abdominis and dia-
phragm was reduced.6 Thus, it is also possible that 
faulty posture such as over lengthened abdominals 
and excessive lordosis could reduce the coordination 
of the diaphragm and transversus abdominis during 
respiration and stabilization activities.

O’Sullivan et al.21 studied subjects with LBP attrib-
uted to the sacroiliac joints and compared them to 
control subjects without pain. O’Sullivan et al. com-
pared respiratory rate and diaphragm and pelvic 
floor movement using real time ultrasound during a 
task that required load transfer through the lumbo-
pelvic region (the active straight leg raise test). Sub-
jects with pain had an increase in respiratory rate, 
descent of their pelvic floor and a decrease in dia-
phragm excursion as compared to the control sub-
jects, who had normal respiratory rates, less pelvic 
floor descent, and optimal diaphragm excursion. 
While O’Sullivan et al. concluded that an interven-
tion program focused on integrating control of deep 
abdominal muscles with normal pelvic floor and 
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the dome of the diaphragm dropping. With exhalation, 
this process is reversed. Abdominal muscle activity 
compresses the viscera in the abdominal cavity, the 
diaphragm is forced cephalad and the ribs internally 
rotate. As exhalation becomes forced as during exer-
cise, abdominal activity (rectus abdominus, internal 
obliques, external obliques, and transversus abdomi-
nis) will be increased.34-36 

When the ZOA is optimized, the respiratory and pos-
tural roles of the diaphragm have maximal effi-
ciency.37 In suboptimal positions (i.e. decreased 
ZOA), the diaphragm has a decreased ability to draw 
air into the thorax because of less caudal movement 
upon contraction and less effective tangential ten-
sion of the diaphragm on the ribs and therefore lower 
transdiaphragmatic pressure.38 This decreased ZOA 
is accompanied by decreased expansion of the rib 
cage, postural alterations, and a compensatory increase 
in abdominal expansion.12 (Figure 2) As a result, 
adaptive breathing strategies can develop. One such 
adaptive breathing strategy would be to relax the 
abdominal musculature more than necessary on 
inspiration to allow for thoraco-abdominal expan-
sion. This situation leads to decreased abdominal 
responsibility while breathing and can contribute to 
instability. This would reflect more upper chest 
breathing and less efficient diaphragm activity. If the 
body maintains this position and breathing strategy 
for an extended period of time, the diaphragm may 
adaptively shorten and the lungs may become hyper-
inflated.37, 39, 40 Hyperinflation may also contribute 
to over use of accessory muscles of respiration such 
as scalenes, sternocleidomastoid (SCM), pectorals, 
upper trapezius and paraspinals in an attempt to 
expand the upper rib cage.41-44 Again, without an opti-
mal dome shape/position of the diaphragm or an 
optimal ZOA the body compensates to get air in with 
accessory muscles since the more linear/flat/short 
diaphragm is less efficient for breathing.32

CLINICAL SUGGESTION/SOLUTION
A therapeutic exercise that promotes optimal pos-
ture (diaphragm and lumbar spine position) and 
finely tuned neuromuscular control of the deep 
abdominals, diaphragm, and pelvic floor (lumbar-
pelvic stabilization) would be desirable for patients 
with suboptimal respiration and posture which may 

During the inhalation phase of ventilation, the dome 
of the diaphragm moves caudally like a piston creat-
ing a negative pressure in the thorax that forces air 
into the lungs. This action is normally accompanied 
by a rotation of the ribs outward (external rotation) 
largely in part due to the ZOA.12 (Figure 1) Apposition 
is a term that means multiple layers adjacent to each 
other.33 The normal force of pull on the sternal and 
costal portions of the diaphragm would produce an 
internal rotation of the ribs. The ZOA creates an exter-
nal rotation of these ribs primarily because the pres-
sure in the thoracic cavity prevents an inward motion. 
The crural portion of the diaphragm assists the caudal 
motion of the dome. It also pulls the anterior lumbar 
spine upward (cephalad and anterior). Additionally, 
the abdominal muscles and pelvic floor musculature 
are less active to allow visceral displacement due to 

Figure 1. Sagittal view of the Diaphragm.
Note the psoas pull on the spine contributing to increased lor-
dosis and faulty rib position. Copyright © Kyndall Boyle, 
2007, used with permission
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tilt, paraspinal activity, and rib elevation/external rota-
tion. When performed with active hamstring con-
traction the paraspinals are further inhibited due to 
the caudal pull of the hamstrings on the pelvis (spe-
cifically the ischial tuberosities) which further 
encourages lumbar flexion. Having a ball between 
the knees encourages adductor muscle activation 
(via hip adduction and internal rotation position) 
and co-contraction of the pelvic floor muscles (leva-
tor ani and coccygeus).

The patient/athlete is asked to hold the balloon with 
one hand and inhale through his/her nose with the 
tongue on the roof of the mouth (normal rest posi-
tion) and then exhale through his/her mouth into the 
balloon. The inhalation, to about 75% of maximum, is 
typically 3-4 seconds in duration, and the complete 
exhalation is usually 5-8 seconds long followed by a 
2-3 second pause. This slowed breathing is thought to 
further relax the neuromuscular system/parasympa-
thetic nervous system and generally decrease resting 
muscle tone. Ideally the patient/athlete will be able 
to inhale again without pinching off the balloon with 
their teeth, lips, or fingertips. This requires mainte-
nance of intra-abdominal pressure to allow inhalation 
through the nose without the air coming back out of 
the balloon and into the mouth.

The authors of this clinical suggestion hypothesize 
that the resistance of the balloon during exhalation 
requires an increase in abdominal musculature acti-
vation and therefore the ability of the abdominals to 
oppose the diaphragm and assist with maintaining an 
ideal ZOA may be enhanced. The activation/setting 
of the abdominals pulls the lower ribs down and in 
(caudad and posterior) and helps to inhibit/relax the 
paraspinals muscles (trunk extensors) which may help 
to decrease the patient/athlete’s lumbar lordosis and 
pain in the paraspinal region through reciprocal inhibi-
tion. The abdominals do not produce any appreciable 
torque or motion in the spine and are functioning in 
this case as stabilizers of the ribs during breathing, not 
as prime movers. The rib motion (depression/caudad/
posterior) optimizes the ZOA. 

When the exercise is performed by the patient/ath-
lete with hamstring and gluteus maximus (glut max) 
activation (hip extensors) the pelvis moves into a 
relative posterior pelvic tilt and the ribs into relative 

be associated with musculoskeletal complaints i.e. 
LBP and/or SIJ pain. The 90/90 Bridge with Ball and 
Balloon technique developed by the Postural Resto-
ration Institute™ was designed to help restore the 
ZOA and spine to a proper position in order to allow 
the diaphragm optimal ability to perform both its 
respiratory and postural roles.45 The balloon blowing 
exercise (BBE) technique is performed in supine with 
the feet on a wall, hips and knees at 90 degrees and a 
ball between the knees. (Figure 3) This passive 90˚ hip 
and knee flexion position places the body in relative 
lumbar spine flexion, posterior pelvic tilt and rib inter-
nal rotation/depression which serves to optimize the 
ZOA and discourage lumbar extension/anterior pelvic 

Figure 2. Sagittal view of Postural Alignment associated 
with optimal and sub-optimal Zone of Apposition (ZOA) of 
the respiratory diaphragm.
Optimal ZOA is depicted as a dome shaped diaphragm with 
bony segments in an ideal plumb line position. Suboptimal 
ZOA is depicted as a more linear/fl at diaphragm and bony 
segments not in an ideal plumb line position, demonstrated 
by an increased lumbar lordosis and rib external rotation/
elevation. Note the effects of suboptimal ZOA on the thoracic 
and cervical spine positions. Copyright © Postural Restoration 
Institute™ 2009, used with permission
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mechanical advantage than the glut max for hip 
extension because of the increased lever arm (distal 
attachment site on the tibia which is more distal 
than the glut max’s distal attachment site which is 
on the femoral shaft.29 The glut max is a powerful 
muscle for hip external rotation because of the 
oblique fiber orientation.29 Because the diaphragm 
and psoas pull less up and forward (cephalad and 

depression and internal rotation. This pelvic and 
rib position helps to optimize abdominal length 
(decreases) and diaphragm length/ZOA (increases). 
The hamstrings are not being activated to extend the 
spine but to extend the hip, specifically to move the 
acetabulum on the femur into hip extension.29 The 
glut max is also active for hip extension during the 
exercise, however the hamstring have a better 

Figure 3. Instructions for Performance of the 90/90 Bridge with Ball and Balloon:
 1. Lie on your back with your feet fl at on a wall and knees and hips bent at a 90-degree angle.
 2. Place a 4-6 inch ball between your knees. 
 3. Place your right arm above your head and a balloon in your left hand. 
 4.  Inhale through your nose and as you exhale through your mouth, perform a pelvic tilt so that your tailbone is raised slightly 

off the mat. Keep low back fl at on the mat. Do not press your feet into the wall, instead pull down with your heels.
 5.  You should feel the back of your thighs and inner thighs engage, keeping pressure on the ball. Maintain this position for the 

remainder of the exercise. 
 6. Now inhale through your nose and slowly blow out into the balloon. 
 7. Pause three seconds with your tongue positioned on the roof of your mouth to prevent airfl ow out of the balloon. 
 8.  Without pinching the neck of the balloon and keeping your tongue on the roof of your mouth, inhale again through your nose. 
 9. Slowly blow out as you stabilize the balloon with your left hand. 
10. Do not strain your neck or cheeks as you blow. 
11. After the fourth breath in, pinch the balloon neck and remove it from your mouth. Let the air out of the balloon.
12. Relax and repeat the sequence 4 more times. 

Copyright © Postural Restoration Institute™ 2009, used with permission
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discharge ODI of 0%. This change exceeded the min-
imal clinically significant difference (MCSD) of 
20%.50 Her pain level also improved from an initial 
score of 9/10 to a discharge score of 0/10. Again this 
response exceeded the MCSD for the numerical pain 
scale which is a 2.5.50 The patient with TOS also had 
remarkable improvement in his function and was 
able to avoid surgery and return to playing football. 
His initial Northwick Park Neck Pain Questionnaire51 
was 55.5% and at discharge it was 0%. This far 
exceeded the MCSD of 5%.52 The goal for the male 
with asthma was to restore his ZOA with the BBE and 
manual restorative techniques. His spirometry scores 
improved from 1,800cc to 2,700cc on one visit and 
from 1,500cc to 3,200cc on a subsequent visit.49 No 
other outcome measures were used.

anterior) and more down and forward (caudad and 
anterior) respectively on the spine via hamstring 
and abdominal co-activation, the diaphragm and 
spine are able to achieve an ideal position. (Figure 2) 
During the second inhalation (after exhaling into 
the balloon for the first time), an optimal position of 
the spine and diaphragm can be maintained via the 
opposition of the abdominals due to the back pres-
sure in the balloon. This inhalation effort with the 
balloon in the mouth and the ribs in a depressed/
internally rotated state will direct the air into the 
lungs to expand the apical area of the lungs, espe-
cially when an arm is raised above the head to help 
direct it there. When the ribs are held down and a 
second inhalation occurs, the surrounding soft tis-
sue i.e. pectoralis muscle lengthens/stretches with 
chest expansion from air that fills the lungs as the 
distance between the pectoralis attachment on the 
ribs and sternum and on the humerus is increased. 
This apical chest wall expansion may be particularly 
beneficial for individuals with scoliosis, depressed 
shoulder girdles, or rounded shoulders. 

The balloon resistance also requires more activa-
tion/contraction of the transversus thoracis (trian-
gularis sterni) muscle which is active during forced 
exhalation.46 (Figure 4) Additionally, the respiratory 
cycle with resistance, also requires lengthening and 
contractions of both the internal and external inter-
costal muscles which are active for both phases of 
respiration.12 

USE IN PHYSICAL THERAPY
Clinical experience with the BBE includes utilization 
of the exercise for both female and male patients 
(more females than males), ages 5-89 with a wide 
variety of diagnoses including: low back pain, tro-
chanteric bursitis, SIJ pain, asthma, COPD, acetabu-
lar labral tear, anterior knee pain, thoracic outlet 
syndrome (TOS) and sciatica. Improved function and 
decreased pain has been noted with patients who 
were prescribed a BBE as part of their home exercise 
program in both published and non published cases. 
Published cases have included a female with right 
LBP and sciatica47 a male with thoracic outlet syn-
drome,48 and a male with asthma.49 The female had 
100% improvement in her function with an initial 
Oswestry Disability Index (ODI) score of 40% and a 

Figure 4. Transversus Thoracis (Triangularis Sterni) mus-
cle, located on the posterior sternum and ribs. Image from 
Wikipedia.com, accessed 8/16/2010.
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Future studies of the effects of a single BBE and/or 
training effects of multiple BBE’s could include EMG 
for abdominal muscle, spirometry for changes in 
breathing parameters, real time ultrasound for dia-
phragm length and/or changes in abdominal muscle 
thickness. Additionally, future studies designed to 
describe changes in pain and function attributable to 
the BBE are needed to investigate the clinical efficacy 
of this promising therapeutic exercise technique.
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ABSTRACT

Eccentric exercise has been effectively used in the management of tendinopathies in multiple regions of 
the body. Lateral epicondylosis (“tennis elbow”) is a common tendinopathy that has shown improvement 
following treatment utilizing isokinetic eccentric exercise. A novel exercise was developed for home-based 
eccentric exercise that has shown promise for use with patients with lateral epicondylosis. Clinicians 
should be aware of this exercise and consider it as an evidence-based intervention.
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A NEW EXERCISE FOR TENNIS ELBOW THAT WORKS!

Phil Page, PT, PhD, ATC, CSCS1



North American Journal of Sports Physical Therapy | Volume 5, Number 3 | September 2010 | Page 190

Therapeutic eccentric exercise (TEE) has been found 
to be an effective intervention for a variety of tendi-
nopathies including Achilles tendinosis,13 shoulder 
impingement,14 and patellar tendinopathy.15 One of 
the first recommendations in the literature regarding 
the use of eccentric exercise for managing tedinopa-
thies was made by Stanish et al16 in 1986. They sug-
gested that eccentric exercise effectively “lengthened” 
the muscle-tendon complex resulting in structural 
remodeling of the tendon with hypertrophy and 
increased tensile strength of the tendon. 

Eccentric exercise may also provide neuromuscular 
benefits through central adaptation of both agonist 
and antagonist muscles17; therefore, TEE may pro-
vide both a structural and functional benefit during 
tendinopathy rehabilitation. Interestingly, some 
patients with LE exhibit lowered pain pressure 
thresholds (PPT) and larger referred pain patterns 
than would occur solely due to the presence of trig-
ger points, suggesting a central nervous system 
mediation of pain.18 Many questions remain as to the 
mechanism of the effectiveness of TEE, as well as 
the appropriate dosage. In a recent systematic review, 
Woodley et al19 noted a lack of high-quality studies 
comparing the effectiveness of eccentric exercise to 
standard management of tendinopathies. 

Subsequent to the Woodley et al19 review, clinical 
researchers at the Nicholas Institute for Sports Medi-
cine and Athletic Trauma developed a novel eccen-
tric exercise using a flexible rubber bar (FlexBar®, 
The Hygenic Corporation, Akron OH) for patients 
with LE. The researchers noted the previously 
described efficacy of eccentric training in LE patients 
using an isokinetic dynamomter in a study by 
Croisier et al1, but wanted to develop an effective, 
cost-effective home-based eccentric exercise for 
their patients. This resulted in the creation of the 
novel Flexbar® exercise sequence (also known as 
“The Tyler twist”) shown in Figure 1. 

In the prospective, randomized, quasi-control study, 
22 LE patients were assigned to either a standard 
physical therapy (PT) treatment group (control) or a 
group that received standard PT with the addition of 
the novel FlexBar® exercise.2 There was no significant 
difference between the groups prior to the interven-
tion. Standard PT included stretching, cross-friction 

BACKGROUND & PURPOSE
Lateral epicondylosis (LE), otherwise known as “ten-
nis elbow” is often a painful, debilitating and chronic 
condition characterized by lateral elbow pain. While 
not usually associated with actually playing tennis, 
LE is a relatively common condition that can affect 
persons who perform repetitive upper body activi-
ties such as carpenters, musicians, and computer 
programmers. There is evidence that eccentric exer-
cise may be effective in reducing the symptoms 
associated with LE.1 Clinical researchers developed 
a novel exercise that was proven effective for treat-
ing patients with LE.2 The purpose of this clinical 
suggestion is to provide the rationale for and to dis-
cuss the performance and practical applications of 
this exercise.

DESCRIPTION OF THE TOPIC
From a pathomechanical perspective, LE involves 
the proximal tendons of the extensor carpi radialis 
(ECR) and extensor digitorum (ED). Studies have 
shown that the ECR in particular is subject to 
increased stress during activities requiring power 
from the wrist.3 Electromyographic (EMG) analyses 
of patients with LE has demonstrated mixed results. 
Several authors have noted increased activation of 
the ECR and ED in patients with LE compared to 
those without,4,5,6 while other authors have noted 
decreased ECR activation.7,8 

Historically, tennis elbow (as well as other chronic 
tendon conditions) has been referred to as “tendini-
tis,” suggesting the presence of an acute inflamma-
tory process. Recently, researchers have noted a 
lack of acute inflammatory markers in patients with 
tennis elbow and therefore suggest using the terms 
“tendinosis” or “tendinopathy” to reflect the chronic-
ity of the condition.9,10

Traditional conservative treatments for LE include 
cross friction massage, electrical and thermal modal-
ities, bracing, and therapeutic exercise. Interest-
ingly, a systematic review and meta-analysis of 
interventions for LE noted a lack of evidence to sup-
port treatments other than exercise.11 Anti-inflam-
matory medication may not be as effective as 
exercise12; thus, the benefit of therapeutic exercise 
may be related to the fact that LE is not due to an 
acute inflammatory process.
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Figure 1. Instructions for the 5 Steps of the Exercise: 
A. Hold FlexBar® in involved (right) hand in maximum wrist extension
B. Grab other end of FlexBar® with uninvolved (left) hand
C. Twist FlexBar® with noninvolved wrist while holding the involved wrist in extension
D.  Bring arms in front of body with elbows in extension while maintaining twist in FlexBar® by holding with noninvolved wrist 

in full fl exion and the involved wrist in full extension
E.  Slowly allow FlexBar® to ‘untwist’ by allowing involved wrist to move into fl exion (ie, eccentric contraction of the involved wrist 

extensors).
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inexpensive treatment as compared to clinically-
based use of more expensive isokinetic devices. 
Tyler et al2 utilized the scientific inquiry process in 
order to answer the question of efficacy of this novel 
exercise intervention in a clinical setting. 

There were some limitations to the Tyler et al2 study 
such as a small sample size. Only 21 of the 30 sub-
jects needed for sufficient power completed the 
study. The researchers who performed that study 
noted significant improvements in the experimental 
group and therefore decided to terminate the ran-
dom group allocation due to the ethical possiblitiy 
that an effective treatment may have been withheld 
from the control subjects. The Tyler et al2 study only 
examined and reported short-term improvements; 
longer-term outcomes would help determine if the 
positive results were sustained over longer time 
periods. Nonetheless, the amount and variety of 
short-term improvement in symptoms described in 
the study seem to offer positive clinical benefits.

In today’s world of the Internet and social media, 
there were some interesting phenomena that resulted 
from this study. Within a year after the study, there 
were over 180,000 views of the “Tyler Twist” exercise 
video on YouTube. After presenting the abstract at the 
2009 American Orthopaedic Society for Sports Medi-
cine’s Annual Meeting, a press release was issued by 
the society. The New York Times, among other media 
outlets, posted blog articles about the results of the 
study, resulting in numerous replies from consum-
ers. Patients provided impressive testimonials about 
their successes with the exercise. In addition, patients 
began asking about the possibilities of treating ‘golf-
ers elbow’ with the same device, which has resulted 
in a similar ongoing clinical investigation. 

In conclusion, this clinical suggestion demonstrates 
an excellent example of true “evidence-based prac-
tice” in physical therapy. By understanding the evi-
dence and applying experience within a clinical 
environment, clinicians can develop effective, novel 
interventions. It also supports the scientific process 
used in clinical practice: developing a hypothesis 
based on a clinical need and testing it in a real-world, 
clinical situation, with real patients. Finally, today’s 
Internet-based society will continue to challenge 
rehabilitation providers to support and participate in 

massage, ultrasound, heat and ice. Subjects were 
assessed for pain (Visual Analog Scale), subjective 
disability (Disability of Arm, Shoulder and Hand 
{DASH} questionnaire), tenderness (pressure algom-
eter), and wrist and finger strength (hand-held dyna-
mometer). A power analysis determined that 15 
patients would be required in each group to detect 
meaningful changes in the DASH score for 80% power 
at p<.05. The authors reported on the reliability of 
their strength and tenderness assessments, noting 
lower reliability of middle finger extension strength.2

The FlexBar® exercise was performed for 3 sets of 15 
each day (See Figure 1). Each repetition took 4 sec-
onds to complete, and there was a 30 second rest 
between each set of 15 repetitions. The exercise was 
performed both during clinic visits and at home. 
Once the patients could perform 3 sets of 15, they 
progressed to the next color FlexBar®, indicating a 
higher intensity of eccentric resistance. The treat-
ment continued until the patient had a resolution of 
symptoms, which occurred at an average of 7 weeks 
of treatment with 10 clinic visits.

Subjects performing the FlexBar® exercise in addi-
tion to standard PT had significantly more improve-
ment than the group receiving only standard PT; in 
particular, the eccentric exercise group improved 
their pain level 81% vs. 22% in the standard group. 
Strength was also significantly more improved in the 
eccentric group, 79% vs. 15% improvement in the 
standard group. The DASH Score improved 76% in 
the FlexBar® group compared to only 13% in the 
control group. The findings of Tyler et al2 were first 
presented at the 2009 American Orthopaedic Soci-
ety for Sports Medicine’s Annual Meeting, and was 
published in The Journal of Shoulder and Elbow 
Surgery.2 

DISCUSSION
This clinical suggestion presents an excellent exam-
ple of clinical practice leading to the creation of an 
evidence-driven novel exercise technique. Clini-
cians understanding the positive effects of eccentric 
exercise on tendinopathies used an existing clinical 
tool (the FlexBar®) to develop an “evidence-led” 
intervention that could be applied in today’s outpa-
tient physical therapy environment. This clinical 
suggestion promotes an emphasis on home-based, 
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evidence-based practice as patients learn about suc-
cessful treatments and look to their physical thera-
pists to provide them.

Note: For a video demonstration of the exercise, visit 
http://www.youtube.com/watch?v=gsKGbqA9aNo 

REFERENCES
1. Croisier, J.L., et al., An isokinetic eccentric programme 

for the management of chronic lateral epicondylar 
tendinopathy. Br J Sports Med. 2007; 41(4):269-275.

2. Tyler, T.F., et al., Addition of isolated wrist extensor 
eccentric exercise to standard treatment for chronic 
lateral epicondylosis: A prospective randomized trial. 
J Shoulder Elbow Surg. 2010; 19(6):917-922.

3. Briggs, C.A. and B.G. Elliott, Lateral epicondylitis. 
A review of structures associated with tennis elbow. 
Anat Clin. 1985; 7(3):149-153.

4. Bauer, J.A. and R.D. Murray, Electromyographic 
patterns of individuals suffering from lateral tennis 
elbow. J Electromyogr Kinesiol. 1999; 9(4):245-252.

5. Finsen, L., et al., Activity patterns of wrist extensor 
muscles during wrist extensions and deviations. Muscle 
Nerve. 2005; 31(2):242-251.

6. Morris, M., et al., Electromyographic analysis of elbow 
function in tennis players. Am J Sports Med. 1989; 
17(2):241-247.

7. Alizadehkhaiyat, O., et al., Strength and fatigability 
of selected muscles in upper limb: assessing muscle 
imbalance relevant to tennis elbow. J Electromyogr 
Kinesiol. 2007; 17(4):428-436.

8. Rojas, M., et al., Activation of forearm muscles for wrist 
extension in patients affected by lateral epicondylitis. Conf 
Proc IEEE Eng Med Biol Soc. 2007; 2007:4858-4861.

9. Nirschl, R.P. and E.S. Ashman, Elbow tendinopathy: 
Tennis elbow. Clin Sports Med. 2003; 22(4):813-836.



ABSTRACT
Background. Sport specific ergometers are important for
laboratory testing (i.e. peak oxygen consumption (VO2))
and out of season training. 

Objectives. The purpose of this study was to compare
cardiorespiratory variables during exercise on a double
poling ergometer to a field test in elite sit skiers. 

Methods. Three male and four female athletes from the
Canadian National / Developmental team (17-54 years of
age, six with complete paraplegia and one with cerebral
palsy) completed a field test and a double poling ergome-
ter protocol separated by at least 24 hours. Both protocols
consisted of three maximal trials of skiing of three min-
utes duration separated by 1.5 minutes of rest. A wireless
metabolic system and heart rate monitor were used to
measure cardiorespiratory responses [peak heart rate,
peak VO2, and peak respiratory exchange ratio (RER)] dur-
ing each test. Arterialized blood lactate was measured
before the beginning of exercise, after each trial and at 5,
10 and 15 minutes post exercise.  

Results. No significant differences existed between the
field and ergometer tests for peak oxygen consumption
(VO2) (field=34.7±5.5 mL·kg-1·min-1 vs. ergome-
ter=33.4±6.9 mL·kg-1·min-1).  Significantly higher peak

heart rate and RER were found during the ergometer test.
Significantly higher lactates were found during the
ergometer test after trial 2 and trial 3. 

Conclusion. The double poling ergometer is similar to a
field test for evaluating peak VO2 in elite cross country sit
skiers; however, the ergometer test elicits a higher heart
rate and anaerobic response.

Key Words: spinal cord injury, aerobic power, lactate.
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INTRODUCTION
Sit-skiing is an event at the Paralympics which involves
the athlete sitting in a sled on skis and propelling with
poles over race distances ranging from 2.5 to 15 km (Figure
1). Physiological responses to sit skiing have never been
evaluated. 

Regular cross country skiing is
characterized by repeated
dynamic contractions over an
extended period of time and
requires a high level of sustained
power output by both the upper
and lower body.1-4 One physio-
logical trait that has been
associated with cross country ski-
ing success is maximal oxygen
consumption (VO2 max).5-8,10,11

The VO2 max is often measured
in a laboratory setting on an
ergometer, due to the technical
problems related to testing in the
field.12 The most common
ergometers used to evaluate all
types of athletes include tread-
mills, cycle ergometers, and arm crank ergometers.4,13

Testing for sports other than running or cycling lack speci-
ficity when using these ergometers;4,14 therefore, a variety
of sport specific ergometers is required. Recently, a dou-
ble poling cross country ski ergometer has been modified
to accommodate cross country skiers with disabilities (sit
skiers) and is often used during training during seasons
without snow.  The purpose of this study was to compare
the cardiorespriatory and metabolic responses in elite sit
skiers during simulated skiing on this ergometer in a lab-
oratory setting with the same responses during an outdoor
field test. The hypothesis was that no significant differ-
ences would exist between the laboratory and field tests
for the cardiorespiratory and metabolic repsonses evaluat-
ed in this study. 

METHODS
Subjects
Seven (three male and four female) subjects, aged 17 to 54
years, volunteered for this study. The subjects were
recruited from the developmental and national Canadian
Nordic ski teams.  Subjects must have competed for a
minimum of two years at an elite level which included
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national and international competitions. Four of the
athletes were previously Paralympians, and one athlete
was a multiple Paralympic medalist.  Subject characteris-
tics are shown in Table 1.  The study was approved by the
University of Saskatchewan Biomedical Research Ethics
Board for research in human subjects. Written, informed

consent was obtained prior to
the start of the study.  

Experimental Design
Throughout the study, all
subjects were encouraged to
undertake their normal training
and diet.  They were instructed
to continue to be adequately
hydrated, not eat two hours prior
to the test, avoid strenuous exer-
cise, and limit caffeine intake
within six hours of testing. Prior
to testing, body weight, height,
and body composition were
measured.  Body weight was
measured on a Toledo scale,
accurate to the nearest 0.1 kilo-
gram.  Standing height was

estimated based on arm span, age, and gender (Height =
0.75 (arm span) - 0.05 (age) + 4.04 (gender) + 40.91).15 Body
composition was estimated with bioelectrical impedance.
Briefly, the electrical impedance measurements (RJL
instruments, Quantum II, Lincoln, MI) were undertaken
with the subject lying in a supine position on a plinth. Any
metal objects (bracelets, watches) that were known to
affect these measurements were removed from the
patient. 

Four sets of electrical impedance measurements were
taken between the following combinations of limbs on
each subject as previously described by Desport et al:16

right upper and right lower limbs, right upper and left
lower limbs, left upper and right lower limbs, and left
upper and left lower limbs. For each hand-foot combina-
tion, the two receiving electrodes were placed at the level
of the malleoli and proximal to the phalanges. The resist-
ance and reactance for the four combinations were
averaged and entered along with the patient's age, height,
and weight into the Cypress software available with the
instrument for the calculation of percent body fat.
Bioelectrical impedance is reliable (r=0.96) and valid,

Figure 1. A sit skier during the field test. 
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with good correlation to hydrostat-
ic weighing (r=0.95).13

Each subject then completed a
field test (Figure 1) and a double
poling ergometer protocol (Figure
2) in random order on separate
days (separated by at least 24
hours).  Each subject used their
customized sit ski for both these
test protocols. Both protocols con-
sisted of three maximal trials last-
ing three minutes each, separated
by 1.5 minutes of rest.  A three-by-
three minute repeat was deemed
acceptable to achieve VO2 peak
based on previous research on
able-bodied subjects.17,18 

Following each exercise protocol,
each subject passively recovered
for 15 minutes.  Temperature and
wind conditions were monitored
during the field test, and laboratory

temperature was constant at 21 degrees Celsius.  Wind
conditions were minimal during the field tests (<1m/sec)
and temperature varied between -4ºC to -15ºC. The field-
testing track was designed by the national team coaches to
simulate an actual race. Blood lactate was monitored
before beginning testing, after each trial, and after exercise
at 5, 10, and 15 minutes. Heart rate was monitored during
and after exercise with a Polar heart rate monitor (Polar,
Levittown, United States). A wireless metabolic system
(Sensormedic VmaxST, Conshohocken, United States, or
Cosmed K4B2, Rome, Italy) was used to monitor gas
exchange variables (oxygen uptake, respiratory exchange
ratio, breathing frequency, and minute ventilation) during
exercise. Although two different metabolic systems were
used, all but one subject used the same metabolic system
for both the field and ergometer protocols. The instru-
ment was calibrated using 16% oxygen and 4% carbon
dioxide prior to and after each test to ensure accuracy of
the data. The volume transducer was calibrated using a 3
L syringe. The breath-by-breath measurements were
recorded on to the wireless metabolic system during the
test, downloaded to a computer after the test, and subse-
quently averaged over 20-second intervals for analysis.

Table 1. Subject characteristics.

Figure 2. Modified double poling cross country
ski ergometer.
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The VO2 peak was deter-
mined by the highest 20-
second average from the
three trials.  Peak oxygen
pulse was calculated as
VO2 peak (mL/min) divid-
ed by peak heart rate and
was considered to be an
indirect estimate of stroke
volume.19

Statistical Analyses
Data are expressed as
means ± standard devia-
tions.  Intraclass correla-
tion coefficients were cal-
culated between variables
on the field and ergometer tests. A repeated-measures
analysis of variance (ANOVA) was used to determine if dif-
ferences existed between means for the double poling
ergometer and field test protocols for VO2 peak, peak heart
rate, peak oxygen pulse, peak respiratory exchange ratio,
peak minute ventilation, and peak respiratory rate. A 2
(field vs. ergometer) x 7 (baseline, after each repeat, and
5, 10, and 15 minutes post-exercise) repeated-measures
ANOVA was used to assess differences between conditions
for blood lactate concentrations. A Tukey's post-hoc test
was used to determine differences between pairs of
means on this last ANOVA. Statistical    significance was
set at p<_0.05. Statistical analyses were carried out using
Statistica, version 5.0 (StatsSoft Inc., Chicago). 

RESULTS
Typical VO2 responses during the two tests are shown for
a single subject in Figure 3. During the three maximal
intervals, the sub-
jects consistently
achieved a high VO2

response.  No signifi-
cant differences
existed in the peak
responses of the rel-
ative or absolute VO2

(Figures 4 and 5),
oxygen pulse, respi-
ratory rate, and
minute ventilation
between the double

poling ergometer and the
field test.  However, the
peak respiratory exchange
ratio (field=1.19±0.14 vs.
ergometer=1.35±0.11;
P=0.02) and peak heart
rate (field = 173±5 bpm
vs. ergometer = 178±4
bpm, P=0.05) were signifi-
cantly higher during the
double poling ergometer
protocol when compared
to the field test (Table 2).  A
significant protocol by
time interaction occurred
for blood lactate levels.

The post-hoc analysis indicated significantly higher lac-
tate levels for the ergometer protocol after trial 2 and trial
3, as shown in Figure 6.  The intraclass correlation coeffi-
cients between protocols were 0.84 (p=0.023) for relative
peak VO2, 0.86 (P=0.015) for absolute peak VO2 (Figure 7),
0.95 (P=0.005) for minute ventilation, 0.87 (P=0.012) for
oxygen pulse, and 0.85 (P=0.019) for peak blood lactate.
The intraclass correlation coefficients for peak heart rate
(0.52; P=0.197) and respiratory rate (0.70; P=0.082) were
not significant.

DISCUSSION
This study is the first to evaluate the cardiorespiratory
responses of skiers with disabilities during sit-skiing, an
event at the Winter Paralympics. The major finding of this
study was the similar VO2 peak values on the modified
double poling ergometer compared to the field test.
Wisloff and Helgerud4 performed research on able-bodied

skiers and they also
had similar VO2 peak
values on a field test
compared to values
on the double poling
ergometer. In the
current study peak
heart rate was signif-
icantly higher during
the ergometer proto-
col when compared
to heart rate during
the field test.  Wisloff

Figure 3. Oxygen consumption (VO2) measured in a
representative individual during the field and double poling
ergometer protocol (3 x 3 min).

Table 2. Peak respiratory and physiological characteristics.
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and Helgerud4

found similar
heart rate
results in able-
bodied skiers.  

A potential
mediating fac-
tor that may
have affected
the subjects'
peak heart rate
during the
double poling ergometer protocol is the continuous resist-
ance as compared to the varying speeds and tempos that
occurred during the field test. The field testing course was
designed to simulate an actual race with varying inclina-
tions and turns, while the ergometer protocol maintained
a constant resistance to the athlete.  Therefore, the ath-
letes may not have been able to reach their peak heart rate
during the field tests due to short recovery periods (down
hills and turns) throughout the testing course.  There are
two possible explanations for the similar VO2 responses
and a lower heart rate response during the field test.
There may be a difference in oxygen extraction at the
muscle (arterial-venous oxygen difference; (a-v)O2 differ-
ence) or stroke volume responses between protocols.
Oxygen pulse, which denotes the oxygen utilization per
heart beat20 is strongly correlated with stroke volume
(r=0.84) but not with (a-v)O2 difference (r=0.15).19 The
authors of the current study found no significant differ-
ence in peak oxygen pulse between protocols; therefore, it

is likely that
stroke volume
was not signifi-
cantly different
between the two
p r o t o c o l s .
Therefore, a
similar peak VO2

accompanied
by a lower peak
heart rate dur-
ing the field test

compared to the ergometer test was most likely due to
higher (a-v)O2 difference during the field test. As men-
tioned above, the field test involves intermittent effort
during the skiing course as one skis and then recovers dur-
ing down hills and turns, whereas the ergometer test
involves more continuous muscle contraction against the
resistance of the ergometer. This may allow for greater
blood flow to the muscles during the field test (as muscle
recovers between contractions during down hills or
turns), permitting a greater extraction of oxygen at the
muscle from the blood, which would be reflected as a
greater (a-v)O2 difference. Future research is needed with
direct measures of arterial and venous blood across the
exercising muscle to test this hypothesis.

The results indicated significantly higher lactate and RER
values during the double poling ergometer protocol as
compared to the field test, which suggest an increased
anaerobic cost during the ergometer protocol.  Although
diet composition was not controlled before tests, this most

Figure 6. Mean blood lactate values during various time
points ± standard error. Ergometer test was significantly
(P<0.05) greater after trial 2 and trial 3 compared to field
test.

Figure 7. Correlation for absolute peak VO2 measured on
the ergometer vs. field test.

Figure 4. Mean values for relative VO2 ±
standard deviations.

Figure 5. Mean values for absolute VO2
± standard deviations.
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likely had minimal influence on RER or lactate because all
subjects belonged to the same training center where nutri-
tion and hydration of athletes were carefully managed.
Athletes at camp were supplied with and ate a similar
breakfast each morning before testing.  As mentioned ear-
lier, the field test allowed small recovery periods which
may have affected lactate results, by allowing increased lac-
tate clearance through increased blood flow which could
account for the lower lactate and RER.

One mediating factor that may have had an effect on all
metabolic and cardiovascular values measured is environ-
mental temperature.  The average temperature was 21ºC
during the laboratory test and -8ºC during the field test.
Previous studies have demonstrated an increase in venous
return, stroke volume, VO2, and a decreased heart rate in
cold environments21,22 while others have found contradicto-
ry results.23,24 The present study found no significant
difference between the two protocols for the peak VO2 or
oxygen pulse, suggesting little or no effect of the cold on
these athletes.  

The major limitation of the current study was the small
sample size due to the uniqueness of this population.  The
small sample size increased the likelihood of a type II error
(i.e. finding no difference between conditions when in fact
there is a difference).  Another limitation was the multiple
comparisons which increased the likelihood of a type I
error (i.e. finding a difference when in fact there is no dif-
ference).  However, controlling for the type I error (i.e. use
of a Bonferonni correction) was deemed too conservative
with the lack of power from the small sample size.  

CONCLUSION
In summary, the results suggest that a double poling
ergometer protocol performed in the laboratory is compa-
rable for measuring the peak VO2 to a field test in elite cross
country sit skiing athletes. However, the field test elicits a
significantly lower peak heart rate and a lower blood lac-
tate and RER. This difference is most likely due to the con-
tinuous nature of the ergometer test compared to the more
intermittent nature of the field test where the athlete alter-
nates between periods of skiing and gliding depending on
the section of the course.
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ABSTRACT
Background. Athletes often utilize compensatory
movement strategies to achieve high performance.
However, these inefficient movement strategies may rein-
force poor biomechanical movement patterns during
typical activities, resulting in injury.

Objectives. This study sought to determine if compensa-
tory movement patterns predispose female collegiate
athletes to injury, and if a functional movement screening
(FMS™) tool can be used to predict injuries in this popula-
tion. 

Methods. Scores on the FMS™, comprised of seven move-
ment tests, were calculated for 38 NCAA Division II
female collegiate athletes before the start of their respec-
tive fall and winter sport seasons (soccer, volleyball, and
basketball). Seven athletes reported a previous history of
anterior cruciate ligament reconstruction (ACLR).
Injuries sustained while participating in sport activities
were recorded throughout the seasons.

Results. The mean FMS™ score and standard deviation for
all subjects was 14.3±1.77 (maximum score of 21).
Eighteen injuries (17 lower extremity, 1 lower back) were
recorded during this study. A score of 14/21 or less was
significantly associated with injury (P=0.0496). Sixty-nine

percent of athletes scoring 14 or less sustained an injury.
Odds ratios were 3.85 with inclusion of all subjects, and
4.58 with exclusion of ACLR subjects. Sensitivity and
specificity were 0.58 and 0.74 for all subjects, respectively.
A significant correlation was found between low-scoring
athletes and injury (P=0.0214, r=0.76).

Discussion: A score of 14 or less on the FMS™ tool
resulted in a 4-fold increase in risk of lower extremity
injury in female collegiate athletes participating in fall and
winter sports. The screening tool was able to predict
injury in female athletes without a history of major mus-
culoskeletal injury such as ACLR. 

Conclusion. Compensatory fundamental movement
patterns can increase the risk of injury in female colle-
giate athletes, and can be identified by using a functional
movement screening tool. 

Key Words. female athlete, sports injury, Functional
Movement Screen™, injury risk factors
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INTRODUCTION
A variety of intrinsic factors predisposing athletes to injury
have been documented in the literature, including ago-
nist/antagonist muscle ratios for strength and endurance,
structural abnormalities, female gender, pre-training fit-
ness level, and history of prior musculoskeletal injury.1-3

More recently, neuromuscular control,4-6 core instability,7-9

and contralateral muscular imbalances10-16 have been sug-
gested as other important intrinsic risk factors for injury.
Contralateral imbalances may also present after injury
has already occurred, resulting in muscular inhibition,
compensatory strategies, or both.11 Much of the published
literature on causative and contributing factors to sports
injuries are retrospective, as well as demonstrate inconsis-
tencies in definitions, populations, and methodology. In
addition, many studies focus on impairments surrounding
a single joint or involving individual muscles.

In an effort to bridge the gap between the pre-participation
medical screening and performance testing, Gray Cook et
al17 developed the Functional Movement Screen™ (FMS™).
The FMS™ consists of seven movement tests that are
intended to quickly and easily identify restrictions or
alterations in normal movement. According to Cook et
al,17-19 the tool was designed to challenge the interactions of
kinetic chain mobility and stability necessary for perform-
ance of fundamental, functional movement patterns.
Such movements require controlled neuromuscular exe-
cution in a variety of occupational and athletic tasks. By
adopting inefficient movement strategies, individuals may
reinforce poor movement patterns that, despite achieving
high performance, may eventually result in injury.   

Few studies7,19,20 have formally investigated the use of the
FMS™ and its ability to predict injury in the athletic popu-
lation. Peate et al7 studied the correlation between FMS™
performance and history of prior injury, as well as the
impact of core stabilization intervention on injury rates
and lost work time in 433 firefighters. After adjusting for
the age of subjects and dichotomizing to either passing
(score >16/21) or failing (score < 16/21), the odds of fail-
ing the FMS were 1.68 times greater in firefighters with
previous history of any injury. In an unpublished
manuscript, Burton19 incorporated the FMS™ in testing of
23 firefighter candidates entering 16 weeks of firefighter
academy training. Although results of this study could not
determine the ability of the FMS alone to predict injury or
performance due to a small sample size, a relationship did
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exist between using the FMS combined with selected per-
formance tests to identify injury predisposition. Kiesel et
al20 examined the relationship between FMS™ scores of 46
professional football athletes and the incidence of serious
injury. Results of the study concluded that a score of 14 or
less on the FMS was associated with an 11-fold increase in
the chance of injury and a 51% probability of sustaining a
serious injury over the course of one competitive season.

While considering these promising results, none of these
studies have implemented the FMS™ as a screening tool
for female athletes despite consistently higher injury rates
in this group. Therefore, the purpose of this study was to
determine if compensatory movement patterns predis-
pose female collegiate athletes to injury, and if the
Functional Movement Screen™ could be used to predict
injury in this population over the course of one competi-
tive season. 

METHODS
Thirty-eight female student-athletes (mean age
19.24±1.20 years) participating in women's collegiate
soccer, volleyball, and basketball at an NCAA Division II
institution during the 2007-2008 season volunteered for
the study. An exclusively female population was selected
in order to potentially observe a higher number of
injuries, as females frequently experience increased
injury rates compared to males in sport.9, 21,22

Inclusion criteria for this study included females 18-26
years old who had not sustained an injury within the
previous 30 days that prohibited full participation in pre-
season practice and/or conditioning programs. Exclusion
criteria included an injury sustained within the 30 days
preceding testing that excluded the athlete from partici-
pating in practice and/or competition, or recent surgical
intervention that limited the athlete's participation in
sport due to physician-imposed restriction.

Prior to commencement, approval for the study was
obtained through the University of Findlay's Institutional
Review Board. All participants were asked to provide
informed consent and fill out a medical history form prior
to their involvement in the study. A preliminary pilot
study was performed to examine the inter-rater reliability
between the lead investigator and an independent scoring
investigator who scored subjects based upon video record-
ing of their respective testing sessions.
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Subjects were tested within two weeks of the beginning of
their respective competitive sport seasons.  Subjects were
asked to perform a series of movements using directions
for testing as described by the authors of the FMS™.17,18,23

Testing was conducted by two investigators experienced in
using the FMS™ in daily practice and scored by the lead
investigator, and via video recording by an independent
investigator (based on the criteria described by Cook et
al).17,18,23 The FMS™ consists of seven movement tests,
described by Cook et al,17,18,23 that include: Deep Squat,
Hurdle Step, In-Line Lunge, Shoulder Mobility, Active
Straight Leg Raise, Trunk Stability Push-Up, and Rotary
Stability.

Injuries sustained by each subject during in-season
practices and competitions were reported.  Weekly follow-
up with the certified athletic trainers overseeing the
respective sports of the subjects were used to track and
monitor any injuries that occurred. The definition of
injury that was utilized for the purpose of this study was a
musculoskeletal injury that met the following criteria: (1)
the injury occurred as a result of participation in an organ-
ized intercollegiate practice or competition setting; (2) the
injury required medical attention or the athlete sought
advice from a certified athletic trainer, athletic training
student, or physician.

Data Analysis
Interrater
reliability
b e t w e e n
the lead
investiga-
tor and an
independ-
ent scoring
investigator was determined in a
pilot reliability study of eight
University student volunteers (5
female, 3 male).  The investigators
were licensed physical therapists
with clinical practice emphasis in
orthopaedic rehabilitation.  The
investigators reviewed the FMS™
instruction manual and watched
the accompanying instructional
videos prior to scoring study partic-
ipants.  The lead investigator and

the independent investigator scored each subject
separately via digital video recording. Model 2 intraclass
correlation coefficients (ICC) were calculated for each test
of the FMS as well as the composite FMS score

For this study, a cut-off score on the FMS of 14 (maximum
score=21) was utilized to determine relationships
between lower FMS score and injury. Kiesel et al20 utilized
a receiver-operator characteristic (ROC) curve to deter-
mine a cut-off score of 14 that maximized both sensitivity
and specificity.  To maintain consistency with Kiesel et al's
findings, the same cut-off score was employed in this
study for data analysis.  A 2 x 2 contingency table was
created, dichotomizing those above and below the prede-
termined cut-off composite score on the FMS, and those
who incurred an injury from those who did not. A Fisher's
exact test with a one-tailed p value of <0.05 was
performed.  The Fisher's exact test was chosen due to its
ability to calculate a more exact P value with smaller sam-
ple sizes than a Chi-square test.24 Sensitivity, specificity,
odds ratios and likelihood ratios with confidence intervals
set at 95% (CI95) were also calculated. Correlation and
regression analysis was used to establish whether the rela-
tionship between the composite FMS score and injury was
strong enough to utilize the FMS as a predictor of sustain-
ing a reportable injury.  The ability to predict outcomes or
characteristics that may predispose an athlete to sustain-
ing an injury can be useful both clinically and in applied

settings.  

RESULTS
Descriptive
s u b j e c t
d a t a
including
age, height,

weight, and sport participation for
all subjects is presented in Table 1.
Interrater reliability between the
lead investigator and an independ-
ent scoring investigator were
determined via intraclass correla-
tion coefficients (ICC), displayed
by test in Table 2.  

The mean FMS™ score and
standard deviation (SD) for all sub-
jects (n=38) included in the study

Table 1. Summary of Subject Descriptive Data 

Table 2. ICC Values for Inter-rater Reliability.
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was 14.3 ± 1.77 (maximum score of 21).  For those indi-
viduals that sustained an injury, the mean FMS score was
13.9 ± 2.12, while those who did not sustain an injury had
a mean score of 14.7 ± 1.29.  Of those individuals who had
a composite FMS score of <_14 (n = 16), 68.75% of those
individuals sustained an injury throughout their respec-
tive competitive season.  Additionally, 81.82% of subjects
who scored at or below 13 and 48.28% of subjects who
scored at or below 15 sustained injuries. Average FMS™
scores for subjects in their respective sports along with
number of injuries are reported in Table 3.

Utilizing the cut-off score of 14, as described by Kiesel et
al, a 2 x 2 contingency table (Table 4) was produced that
was utilized to determine a sensitivity of 0.579 (CI95=
0.335 to 0.798); specificity of 0.737 (CI95=0.488 to 0.909);
positive likelihood ratio of 2.200 (CI95=0.945 to 5.119);
and an odds ratio of 3.850 (CI95=0.980 to 15.130).  Those
with an FMS score of <_14 were found to be significantly
more likely to sustain an injury (Fisher's exact test, one-
tailed, P = 0.0496).  A strong correlation existed between
injury and FMS™ score (r=0.761, P=0.021). Linear regres-
sion analysis for the data from all subjects (n=38)
produced results (P=0.0748, r=-0.7676, r2=0.5892) that
did demonstrate a statistically significant relationship
between FMS™ score and risk of injury.  Non-linear regres-
sion analysis also did not produce significant results that
would allow the use of the FMS™ to predict injury in this
sample of female collegiate athletes.

Further analysis of the data revealed a strong correlation
(r=0.952, P=0.0028) between composite FMS score and
lower extremity injury when the shoulder mobility test
was removed from the calculation of the composite FMS™
score for all subjects (n=38).  This resulted in a maximum
FMS™ score of 18 from six tests (e.g., Squat, Hurdle-Step,
In-Line Lunge, Active Straight Leg Raise, Trunk Stability
Push-Up, and Rotary Stability).  

Data analysis with exclusion of subjects with a previous
history of ACL injury (n=31) revealed similar findings to
results of the entire study sample. The mean FMS™ score
and standard deviation (SD) for the non-ACL subjects
(n=31) was 14.0 ± 1.76.  For those individuals that sus-
tained an injury, the mean FMS™ score was 13.6 ± 1.91,
while those who did not sustain an injury had a mean
score of 14.6 ± 1.45.  Of those individuals who had a com-
posite FMS™ score of <_14 (n=15), 73.33% of those individ-
uals also sustained an injury throughout their respective

competitive season.  Furthermore, 81.82% of subjects who
scored at or below 13 and 56.0% of subjects who scored at
or below 15 sustained injuries. Average FMS™ scores for
non-ACL subjects in their respective sports along with
number of injuries are reported in Table 5.

The 2 x 2 contingency table for the 31 non-ACL subjects
(Table 6) produced a sensitivity of 0.647 (CI95=0.383 to
0.858), specificity of 0.714 (CI95=0.419 to 0.916), positive
likelihood ratio of 2.265 (CI95=0.921 to 5.568), and an
odds ratio of 4.583 (CI95=0.994 to 21.127).  Those with a
FMS™ score of <_14 were found to be significantly more
likely to sustain an injury (Fisher's exact test, one-tailed,

Table 3. Average FMS™ score and number of injuries 
per sport (n=38). 

Table 4. 2x2 contingency table for all subjects (n=38). 

Table 5. Average FMS™ score and number of injuries 
per sport, subjects without history of ACL injuries (n=38). 

Table 6. Contingency table for subjects without history of
ACL injuries (n=31). 
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P=0.0495).  A moderate correlation existed between
injury and FMS™ score (r=0.726, P=0.046). Linear regres-
sions analysis for non-ACLR (n=31) subjects reached
statistical significance (P=0.0450, r=-0.8214, r2=0.6748)
demonstrating a relationship between FMS™ score and
risk of injury (Figure 1).  Non-linear regression analysis did
not produce significant results to use the FMS™ as an
injury predictor in non-ACL injured subjects. Results of
the statistical analyses
conducted for this study
are summarized in Table
7.

DISCUSSION
This study was performed
to determine if compensa-
tory movement patterns
predispose female colle-
giate athletes to injury,
and if the FMS™ could pre-
dict injury in the sample
population. The hypothe-
sis that compensatory
movement patterns were
related to injury was sup-
ported in the present
study.  A lower score on the FMS™ was significantly asso-
ciated with injury, with 69% of those scoring 14 or less
sustaining an injury, and experiencing a 4-fold increase in
injury risk. The cut-off score of 14 or less that was deter-
mined by Kiesel et al20 was also significant for this study,
despite distinct differences in subjects and methodology.
Kiesel et al tested professional male football players who,
in addition to their elite athlete status, experienced differ-
ent sport and training demands compared to their female
collegiate athlete counterparts.  In addition, Kiesel et al

limited their data collection to “serious” injury, defined as
membership on the injured reserve, and time loss of a
minimum of three weeks from normal training and com-
petition. 

The authors of the current study chose to adopt a more
broad definition of injury for several reasons.  First, the
authors anticipated that the number of female collegiate
athletes available for observation would be less than that

studied with a profes-
sional football team.
Second, the contact but
non-collision nature of
the represented women's
sports studied were
thought to be less likely
to result in a large num-
ber of severe, traumatic
injuries more prevalent
in a sport such as
American football.
Third, the authors want-
ed to include overuse
and repetitive micro-
trauma injuries that
may not have been
accurately        represent-

ed under a time-loss injury definition, yet still contribute
to compensatory movement patterns and increased risk of
more severe musculoskeletal injury.  The basis for use of
the FMS™ by Cook et al17 is the hypothesis that repetitive
microtrauma caused by adoption of inefficient movement
strategies may predispose individuals to musculoskeletal
injury.  The effects of repetitive microtrauma include
overuse pathologies that the athlete is initially able to
work through despite his or her symptoms. However, the

Figure 1. FMS™ score and injury relationship.

Table 7. Statistical summary.
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current study's lack of a longitudinal design spanning mul-
tiple sport seasons may decrease its sensitivity to injuries
involving repetitive microtrauma that could later progress
to a more severe acute injury, easily recognized under a
time-loss injury definition.   

Of the 38 study participants, seven had previously
sustained anterior cruciate ligament injury with subse-
quent reconstruction (ACLR).  This injury represented the
most significant type of traumatic injury recorded in partic-
ipants' past medical history, which could have had a
significant impact on FMS™ performance and subsequent
injury, and therefore data were analyzed both with and
without inclusion of the previously injured subjects.
However, significant correlation between an FMSÍ score
less than or equal to 14 and sustaining an injury during the
season existed with or without inclusion of ACLR subjects,
and the average FMS™ score actually dropped slightly in
non-ACLR subjects (14.3 +/- 1.77) versus all subjects (14.0
+/-1.76).  The odds ratio for injury increased from 3.85 to
4.58 when ACLR subjects were excluded from analysis,
demonstrating that a lower FMS™ score in non-ACLR sub-
jects resulted in a higher risk of injury in that group.
Although history of previous injury is usually considered a
strong predictor of future injury, it is possible that a signif-
icant emphasis on lower extremity strength and neuromus-
cular control was employed in the rehabilitation of subjects
post ACLR, and that such training may have positively
impacted their FMS™ scores.  

The hypothesis that the FMS™ could be used to predict
injury in female collegiate athletes was partially supported
in the current study. Regression analysis using a linear
model was able to establish a predictive relationship
between a FMS™ score and the risk of injury, but only for
subjects without history of ACLR. When expanded to
include all subjects, the linear regression model failed to
reach statistical significance, most likely due to a lack of
power from a small sample size.  The data for the non-
ACLR group may have provided better predictive results
due to the exclusion of subjects that had suffered serious
musculoskeletal injury. As history of previous injury
(ACLR) is a strong independent risk factor for future injury,
the potential for interaction between FMS™ performance
and changes to the neuromusculoskeletal system that may
occur after ACLR are unknown in the present study.
Further analysis using a non-linear model yielded no pre-
dictive capabilities.  

The population for this study, a sample of convenience,
was limited to fall and winter sports (soccer, volleyball, bas-
ketball) that were primarily lower-extremity dominant in
nature. Although volleyball players are overhead athletes,
the number that participated (n=11) may not have been
sufficient to detect upper extremity injuries, as no injuries
to the upper extremity were reported.

A trend was noted regarding the performance of the
Shoulder Mobility and Trunk Stability Push-Up in female
subjects.  The majority of subjects (74%, n=28) obtained
the highest score of 3 on the Shoulder Mobility test, with
many greatly exceeding the required measurements for
shoulder/thoracic flexibility indicating joint hypermobility.
Conversely, only 5% (n=2) of female subjects scored a 3 on
the Trunk Stability Push-Up.  As females are more likely to
exhibit glenohumeral joint laxity and symptomatic instabil-
ity25,26 as well as decreased upper body strength27 compared
to males, these factors are likely influential in upper-
extremity focused tests of the FMS™ in female athletes.
With exclusion of the Shoulder Mobility test, the remaining
FMS™ test cluster demonstrated improved correlation,
from 0.761 (P=0.021) to 0.952 (P=0.0028) with the lower
extremity/core injuries observed.  However, additional
removal of the Trunk Stability Push-Up had a negative
effect (r=0.698, P=0.136).  This demonstrates that the
Trunk Stability Push-Up may indeed be more sensitive to
core stability issues versus upper extremity strength, via
the established connection between core instability and
lower extremity injury.8,9,28,29,30

A lower score on the FMS™ has previously demonstrated
predictive ability in the male athletic population,20 and was
shown to be a predisposing factor for injury in females in
the present study.  Although this study was only partially
successful in establishing a predictive utility for the FMS™
in female athletes, observation of a limited sample size
over a single season may not have provided the appropri-
ate framework from which to draw conclusions.  Future
studies incorporating a larger, more diverse sample of
female collegiate athletes, including those participating in
upper extremity-dominant sports (e.g. softball, tennis, field
events) are warranted in order to determine if the FMS™
can be used to predict injury in a more diverse population
of female collegiate athletes.  Future studies may also find
that certain components of the FMS™ may be used inde-
pendently to predict injury in various athletic subgroups.
However, the concept of energy transfer throughout the
kinetic chain underscores the appropriateness of adminis-
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tering the entire test battery within the FMS™, as the
complex interaction of core stability with distal extremity
control is required in most sporting activities.

CONCLUSION
Compensatory fundamental movement patterns can
increase the risk of injury in female collegiate athletes, and
can be identified by using the Functional Movement
Screen.™ A score of 14 or less on the FMS™ resulted in an
approximate 4-fold (3.85-4.58) increase in risk of lower
extremity injury over the course of a competitive season in
female collegiate athletes participating in fall and winter
sports including soccer, volleyball, and basketball. The
FMS™ may be able to predict injury in a subgroup of female
collegiate athletes without a history of major musculoskele-
tal injury such as ACL reconstruction. 

REFERENCES
1.    Devan MR, Pescatello LS, Faghri P, Anderson J. A 

prospective study of overuse knee injuries among female 
athletes with muscle imbalances and structural 
abnormalities. J Athletic Training. 2004;39(3):263-7.

2.    Neely F. Biomechanical risk factors for exercise-related 
lower limb injuries. Sports Med. 1998;6:395-413.

3.    Neely FG. Instrinsic risk factors for exercise-related lower 
limb injuries. Sports Med. 1998;26(4):253-63

4.    Hewett TE, Myer GD, Ford KR, et al. Biomechanical 
measures of neuromuscular control and valgus loading of 
the knee predict anterior cruciate ligament injury risk in 
female athletes. Am J Sports Med. 2005;33(4):492-501.

5.   Myer GD, Ford KR. Palumbo JP, Hewett TE. 
Neuromuscular training improves performance and 
lower-extremity biomechanics in female athletes. J Strength 
Cond Res. 2005;19(1):51-60.

6.    Rozzi SL, Lephart SM, Gear WS, Fu FH.  Knee joint laxity 
and neuromuscular characteristics of male and female 
soccer and basketball players. Am J Sports Med. 1999; 
27(3):312-9. 

7.    Peate WF, Bates G, Lunda K, Francis S, Bellamy K. Core 
strength: a new model for injury prediction and prevention. 
J Occup Med Toxicol. 2007;2:3.  

8.    Zazulak BT, Hewett TE, Reeves NP, Goldberg B, Cholewicki 
J. Deficits in neuromuscular control of the trunk predict 
knee injury risk. Am J Sports Med. 2007;35(7):1123-30.

9.    Leetun DT, Ireland ML Willson JD, Ballantyne BT, Davis 
IM. Core stability measures as risk factors for lower 
extremity injury in athletes. Med Sci Sport Exer. 2004; 
36(6):926-934.

10.     Nadler SF, Malanga GA, DePrince ML, et al.  The 
relationship between lower extremity injury, low back 
pain, and hip muscle strength in male and female 
collegiate athletes. Clin J Sport Med. 2000;10:89-97. 

11.     Nadler SF, Malanga GA, Feinberg JH, Prybicien M, Stitik 
TP, DePrince M.  Relationship between hip muscle 
imbalance and occurrence of low back pain in collegiate 
athletes. Am J Phys Med Rehabil. 2001;80:572-77.

12.    Knapik JJ, Bauman CL, Jones BH, Harris JM, Vaughan L. 
Preseason strength and flexibility imbalances associated 
with athletic injuries in female collegiate athletes. Am J 
Sports Med. 1991;19(1):76-81

13.    Newton RU, Gerber A, Nimphius S, et al. Determination 
of functional strength imbalance of the lower extremities. 
J Strength Cond Res. 2006;20(4):971-77.

14.    Jacobs C, Uhl T, Seeley M, Sterling W, Goodrich L. 
Strength and fatigability of the dominant and 
nondominant hip abductors. J Athletic Training. 2005; 
40:203-6.

15.    Rahnama N, Lees A, Bambaecichi E. Comparison of 
muscle strength and flexibility between the preferred and 
non-preferred leg in English soccer players. Ergonomics.
2005;48(11-14):1568-75.

16.    Potts AD, Charlton JE, Smith HM.  Bilateral arm power 
imbalance in swim bench exercise to exhaustion. J Sports 
Sci. 2002;20:975-79.

17.   Cook G, Burton L, Hoogenboom B. Pre-participation 
screening: The use of fundamental movements as an 
assessment of function - Part 1. North Am J Sports Phys 
Ther. 2006;1(2):62-72. 

18.   Cook G, Burton L, Hoogenboom B. Pre-participation 
screening: The use of fundamental movements as an 
assessment of function - Part 2. North Am J Sports Phys 
Ther. 2006;1(3):132-39.

19.    Burton L. Performance and Injury Predictability during 
Firefighter Candidate Training. Unpublished dissertation.  
Virginia Polytechnic Institute and State University. 2006.

20.    Kiesel K, Plisky PJ, Voight ML. Can serious injury in 
professional football be predicted by a preseason 
functional movement screen. North Am J Sports Phys Ther.
2007;2(3):147-152 

21.   Powell JW, Barber-Foss KD. Sex-related injury patterns 
among selected high school sports. Am J Sports Med. 2000;
28:385-91. 

22.    Arendt E, Dick R. Knee injury patterns patterns among 
men and women in collegiate basketball and soccer: 
NCAA data and review of literature. Am J Sports Med. 
1995;23:694-701.

23.    Cook G, Burton L. Functional movement screening. In: 
Voight ML, Hoogenboom BJ, Prentice WE, eds. 
Musculoskeletal Interventions: Techniques for Therapeutic 
Exercise. New York, NY: McGraw-Hill; 2007:379-400. 

                                                  



24.  Portney LG, Watkins MP. Foundations of Clinical Research: 
Applications to Practice. 2nd ed. Upper Saddle River, NJ: 
Prentice Hall Health; 2000. 

25.  Borsa PA, Sauers EL, Herling, DE.  Patterns of 
glenohumeral joint laxity and stiffness in healthy men and 
women.  Med Sci Sports Exerc. 2000;32(10):1685-90. 25

26.  Beasley L, Faryniarz DA, Hannafin JA. Multidirectional 
instability of the shoulder in the female athlete. Clinics in 
Sports Medicine. 2000;19(2):331-49. 26

27.  Morrow J, Hosler W.  Strength comparisons in untrained 
men and trained women. Med Sci Sports Exerc. 1981;  
13:194-98.

28.  Ireland ML. The female ACL: why is it more prone to 
injury? Orthop Clin North Am. 2002;33:637-51. 

29.  Lephart SM, Ferris CM, Riemann BL, Myers JB, Fu FH. 
Gender differences in strength and lower extremity 
kinematics during landing. Clin Orthop. 2002;401:162-9.

30.  Paterno MV, Myer GD, Ford KR, Hewett TE. 
Neuromuscular training improves single-limb stability in 
young female athletes. J Orthop Sports Phys Ther. 2004; 
34:305-17.

North American Journal of Sports Physical Therapy  |  Volume 5, Number 2  |  June 2010  | Page 54

                



ABSTRACT

Background. Many sports involve movements during
which the lower extremity functions as a closed kinetic
chain, requiring weight-bearing (WB) range of motion
(ROM). Assessment of the capacity for internal and exter-
nal rotation motion at the hip is typically performed with
the individual in a prone, supine, or seated position.  Such
measurements represent ROM in a non-weight bearing
(NWB) position, and, as a result, may not appropriately
assess the capacity of the joint to meet the demands of the
athlete's sport. To date, no research exists which docu-
ments WB hip ROM in golfers relative to the ROM
demands of the golf swing or the symmetry of weight-
bearing hip rotation ROM in female golfers.   

Objectives. Weight-bearing hip rotation ROM was
measured in female golfers and compared to the actual
hip rotation ROM that occurred during a full golf swing. 

Methods. Fifteen right-handed, female collegiate golfers
participated in the study.  The WB hip rotation ROM was
measured during three different stance conditions and
during full golf swings using a custom-built testing device.
These actions were captured using a 3-D motion analysis
system.  

Results. The golfers WB ROM was symmetrical for
external rotation and internal rotation, p = 0.648 and
p = 0.078, respectively. During the backswing, the golfers
used approximately 20-25% of their available WB right
internal rotation, and 50-75% of their available WB left
external rotation. For the downswing, the golfers used
approximately 34-37% of their available WB right external
rotation and 84-131% of their available WB left internal
rotation.  The golfers used significantly more external and
internal hip rotation ROM on the left (lead) hip during
both phases of the full golf swing (p < 0.001), demonstrat-
ing an asymmetrical movement pattern.  

Discussion. In general, golfers did not exceed the
measured WB ROM limits during the golf swing but did
demonstrate decreased WB internal rotation on the lead
hip. 

Conclusion. Clinicians need to pay special attention to
functional (WB) hip rotation ROM in female golfers in
order to assess injury risk related to the rotational hip
asymmetry present during the golf swing.

Key Words: golf, hip rotation ROM, symmetry
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INTRODUCTION
Several studies1-8 have examined hip range of motion
(ROM) in athletes and other healthy adults, but the
normative values that they report appear to be somewhat
different.  Part of the reason for such discrepancies may
be that there have been different methodologies
employed regarding the type of motion measured (active
vs. passive), as well as in the position used during the
measurement (prone, supine, or seated).  Despite this
variability, common agreement exists that passive ROM is
greater than active ROM.9

Interestingly, most activities of daily living, as well as
sports, occur with a majority of the time spent in weight-
bearing (WB). However, when assessing available joint
ROM, measurements are frequently performed in non
weight-bearing (NWB). Currently, no published normative
data exists regarding available WB hip rotation ROM's.  For
the athlete, a more functional assessment in the WB posi-
tion may be required to determine if there is an adequate
amount of hip rotation ROM necessary for a particular
sport, skill, or motion.  

Golf is a non-contact sport; however, injuries do occur. The
leading site of injury among both professional and ama-
teur golfers is the spine.10-12 Interestingly, of the available
injury survey studies, very few report hip injuries.12-18

Although a small number of reported cases of hip injuries
in golfers exist, Cibulka3 has described an association
between low back pain and hip rotation ROM asymmetry
in the non-golfing population. Currently, the normal or
typical amount of hip rotation the lead and trail hip each
undergo during the full golf swing is unknown.

If the repetitive motion of the golf swing occurs in an
asymmetrical movement pattern, then asymmetrical hip
rotation ROM may develop. Thus, a critical link may exist
between golfers' available hip rotation ROM and their sus-
ceptibility to low back pain.  

One recent investigation examined the association
between low back pain and hip rotation ROM in
Professional Golf Association (PGA) golfers.19 The authors
found a decreased amount of internal rotation on the lead
hip in those with low back pain and a similar, although
non-significant trend, in healthy golfers. As a result of that
study, whether playing golf repetitively alters side-to-side
hip rotation ROM symmetry or if low back pain creates
the asymmetrical measurement is unknown.  But, due to
the fact that there was a similar trend in healthy golfers,
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this may suggest that playing golf repetitively could alter
side-to-side hip rotation ROM.   Further support for side to
side asymmetry exists in a recent study published by
Gulgin et al.20 They found almost one-fourth of a group of
Ladies' Professional Golf Association (LPGA) golfers
showed a side-to-side asymmetry of more than five
degrees in IR.  Thus, these previous investigations provide
an indication that a golfer's hip rotation ROM may adapt
to the demands placed upon the hip.

Currently, no data exist documenting WB hip rotation in
golfers or data that illustrates the actual amount of hip
rotation ROM that occurs during the full golf swing. Thus,
the purpose of this study was to measure WB hip rotation
ROM in female golfers during the full golf swing and
compare this to their available WB hip rotation ROM as
measured in varied stance positions.  

METHODS
Fifteen female golfers (mean age 19.6 ± 1.4 yrs; ht. 163.3
± 6.5 cm; wt. 59.5 ± 6.6 kg; hdcp 5.2 ± 3.3) participated
in the study. All subjects were right-hand dominant,
played right-handed, and were screened to exclude those
with a history of any hip or back pain within the past six
months. Prior to participation, subjects signed a written
consent form as approved by the University of Toledo
Human Subjects Research Review Committee.

The subjects reported to the laboratory on one occasion.
Prior to the WB ROM measurements, all subjects pedaled
for five minutes on a stationary bicycle as a general warm-
up. The available WB ROM of hip rotation was measured
under three stance conditions, and then subjects per-
formed approximately ten full golf swings with a driver.
Video data of all the trials (WB ROM and golf swing) was
collected.  A three-dimensional (3D) motion capture sys-
tem (Motion Analysis Corporation, Santa Rosa, CA) was
used to quantify the hip rotation movements of each sub-
ject (Figure 1).   The EVa 7.0 and KinTrak software (Motion
Analysis Corporation, Santa Rosa, CA) were used for all
data acquisition and processing. Eight Falcon High
Resolution cameras (Motion Analysis Corporation, Santa
Rosa, CA), sampling at 120 Hz were used for capturing the
movement of the retroflective markers on each subject.
The various markers were placed on all subjects by the
same investigator over the anatomical landmarks listed in
Table 1. For obtaining WB hip rotation measurements, sub-
jects stood on a custom-built wooden base so that one foot
was fixed (stable), while the other foot (the involved leg
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used for measure-
ment) was free to
rotate on the
moveable circular
disk (Figure 2,
Table 1).  The sub-
jects were asked to
maintain equal
weight distribu-
tion on the right
and left lower
extremities during
the measurement.
All subjects were
measured in three
different WB
conditions. For
Condition A (WBa),
the subject stood erect (hips and knees extended) with the
stance width equal to the distance between the greater
trochanters. Reliability for repeated measurements of hip
rotation ROM measured in Condition A (WBa) was 0.819
(Cronbach's Alpha), and thus, the set up was used for the
remainder of conditions as well.  For Condition B (WBb),
the subjects stood erect (hips and knees extended) with
stance width equal to the distance between the lateral bor-
der of feet when using a self-selected golf set-up position
(for a driver).  For Condition C (WBc), subjects were posi-
tioned in the same stance width as Condition B, but also
with the amount
of hip and knee
flexion used
during the self-
selected golf set-up
position (for a driv-
er).  For each con-
dition, the rotating
foot was aligned
on the center of
the board (with a
tape line down for
a l i g n m e n t ) .
However, the start-
ing angle of the
entire rotating
board was posi-
tioned to represent
the subject's natu-

ral toe-in or
toe-out position.
Depending on
which direction
was being meas-
ured, the subject
was asked to
rotate the foot
externally (or
internally) as far
as possible, and
then return to the
start position.
Measurements of
maximum hip IR
and ER were per-
formed bilaterally,
repeating the full

movement six times in each direction.  In order to main-
tain the level of flexion in the hip and knees during data
collection (WBc), the subject's initial start position was
reset (using a goniometer) after every two trials.  The
three trials that required the least editing to produce com-
plete marker paths were selected, tracked, processed, ana-
lyzed and the ensemble was averaged to examine the
available WB hip rotation ROM. When processing the
available WB ROM, any pelvic movement (ASIS vector)
that occurred during the trial was subtracted from the
maximum amount of foot rotation.

For the assessment
of the golf swing,
an expanded mark-
er set (Figure 3,
Table 1) was placed
on each golfer (by
the same investiga-
tor), and ten golf
swings were record-
ed.   Practice swings
were allowed for
warm-up, as well as
to allow the subject
to feel comfortable
performing a golf
swing with the
marker set in
place.  Each golfer

Table 1. Anatomical landmarks for marker placement

Figure 1. High-speed camera set-up with full body marker set.
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assumed their natural stance width (as
measured previously) and performed the
swing with a standard 45” driver.  As with
the WB ROM trials, the full golf swings
were captured at 120 Hz.   For each sub-
ject, the three trials were selected (all by
same investigator) in the same manner as
previously mentioned to determine for
each hip the maximum internal rotation
and external rotation that occurred during
the golf swing. 

Statistical data analysis was performed
using Statistical package SPSS version 14.0
(SPSS Inc., Chicago, IL).  The significance
level was set at an alpha level of 0.05.  Two
separate two way (side x condition) repeat-
ed measures ANOVA's were utilized, one
for internal rotation and one for external
rotation. A post-hoc analysis was per-
formed to verify where significant differ-
ences occurred across the conditions.   For
comparison of rotational hip motion ROM
during the backswing and downswing
phases a two way ANOVA (side x rotation)
was run to test for a difference in the
amount of rotation present in each hip.  

RESULTS
The means and standard deviations for
subject demographics are shown in Table
2.    The mean stance width for WBa was less than WBb &
WBc (43.0 ± 2.6 cm vs. 59.5 ± 4.6 cm respectively, Table
3).  The mean hip and knee flexion used in WBc was 38.7
± 6.0 degrees and 24.7 ± 7.0 respectively (Table 3).

For external rotation WB ROM, no significant difference
occurred between sides (p = 0.648), a non-significant
interaction (p = 0.908), but a significant difference exist-
ed between conditions (p < 0.001).  Post-hoc analysis
reveals that WBb ROM was significantly greater than WBa
in the right hip (p = 0.013, Table 4)
and was approaching a significant dif-
ference in the left hip (p = 0.055,
Table 4).   The ER rotation measured
in the WBc was significantly greater
than that measured in WBb in the
right hip (p < 0.001, Table 4), but was

not significantly greater in the left hip
(p = 0.12, Table 4).  The right and left hip
demonstrated symmetrical WB external
rotation.  However, the external rotation
increased significantly in the right hip
(and not the left hip) by first increasing
stance width, and increased even more by
adding hip and knee flexion into the
measurement posture. Although the left
hip experienced the same amount of
increase in external rotation ROM across
the three stance conditions, the standard
deviations were larger on this side, poten-
tially keeping them from the significant
finding on the left hip.

For internal rotation WB ROM, no signifi-
cant difference existed between sides (p =
0.078), a non-significant interaction (p =
0.890), but significant difference existed
between conditions (p < 0.001). The
means and standard deviations (Table 4)
revealed that the left hip has approximate-
ly two degrees less internal rotation ROM
in all conditions which is not statistically
nor clinically significant.  Post-hoc analy-
sis revealed that WBa ROM was not signif-
icantly different from WBb in either the
right hip, p = 1.0 or the left hip, p = 1.0
(Table 4).  However, the WBc group was sig-
nificantly greater than WBb in the right

hip, p = 0.002 and the left hip, p = 0.001 (Table 4).  Thus,
for WB internal rotation, widening the stance did not sig-
nificantly alter available ROM, but adding hip and knee
flexion did.  

When examining the amount of WB ROM the golfers used
during the full golf swing compared to the WB values
obtained during the three WB conditions, they did not
exceed the available internal rotation or external rotation
WB ROM on the right (trail) hip at any point during the

golf swing (Table 5).  However, during
the downswing, the mean left (lead)
hip internal rotation was 34.8 ± 11.7
degrees, which exceeded the golfers
WB ROM available as measured dur-
ing two of the WB stance conditions
(WBa, WBb, Table 5).  But, when the

Figure 2. WB ROM trial.

Figure 3. Full body marker set 
up.

Table 2. Subject demographics.
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golfer's WB ROM was meas-
ured in a similar position to
that used during the golf
swing (condition WBc), the
golfers did not exceed the
available internal rotation
WB ROM (Table 5).

During the backswing phase
of the golf swing, the
maximum right hip
internal rotation was
8.9 ± 4.8 degrees,
which was signifi-
cantly less than maxi-
mum external rota-
tion, 29.7 ± 11.3
degrees; p < 0.001
(Table 5), of the left
hip that was occur-
ring at the same time.
During the down-
swing, the subjects
demonstrated the same pattern, as right hip external rota-
tion of 14.9 ± 9.6 degrees was significantly less than left
hip IR, 34.8 ± 11.7 degrees; p < 0.001 (Table 5).  Thus, it
would appear that the left (lead) hip experienced more
rotation than the trailing hip throughout the backswing
and downswing phases of the golf swing, demonstrating
an asymmetrical movement pattern. 

DISCUSSION
Since the position of the hip joint during measurement
influences the results,7 it may be inferred that tension on
the hip capsule affects this measurement.  When the hip
is flexed, the
capsule and lig-
aments have
more laxity,
which should
allow for more
movement rela-
tive to a neutral
hip joint (more
taut hip capsule

and ligaments).  However,
the literature refutes this
line of thought, showing
more hip rotation in a prone
position when compared to
measurements taken in a
seated position.2,7 These
hip rotation ROM values
may then suggest that mus-

cle length, as a result
of the joint position,
could be the limiting
factor.

The current study
revealed that less WB
ROM occurred when
standing erect or in
hip neutral (WBa &
WBb) than when hip
and knee flexion
were added, which
places the joint cap-

sule on slack. Thus, the results of the current study
conflict with Bierma-Zienstra et al2 and Simoneau et al,7

in that, when in WB, the tautness of the hip capsule and
ligament structures appear to have more of a limiting role
than when measured in non-weight bearing (NWB).   The
studies by Bierma-Zienstra et al2 and Simoneau et al7

measured hip rotation ROM actively (NWB), which was
similar to this study, as the WB measurement required
active ROM.  However, several factors contribute to joint
ROM, such as the capsule, ligaments, surrounding muscle
length, and bony congruency, making it difficult to identi-
fy the factor that was the greatest contributor to the

rotational limi-
tation.  

In order to
further exam-
ine the role that
muscle length
might play in
hip rotation
ROM, altered
stance positions

Table 3. WB ROM Measurement Stance Descriptions

Table 4. WB ROM - Mean maximum rotation (all conditions) 

Table 5. Mean maximum WB ROM in comparison to WB hip ROM used during the
golf swing
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were used during data collection.  Among the three stance
conditions used in this study, there was variation in length
of the surrounding hip musculature.  For example, compar-
ing WBa to WBb, an increase in stance width occurred in
WBb, resulting in greater hip abduction.  This increase in
hip abduction shortens the abductors and lengthens the
adductors, which may have limited the active tension that
these muscles could generate to contribute to internal
rotation or external rotation, limiting the WB ROM.  For
example, the gracilis muscle is considered an internal rota-
tor of the hip and becomes stretched in condition WBb as
hip abduction is increased.  The gluteus minimus muscle
can contribute to internal rotation when the hip is abduct-
ed, which could make up for the lengthened gracilis
muscle. No change in WB internal rotation occurred
between condition WBa and WBb on either hip (Table 4).

As for WB external rotation, a significant difference in ROM
existed between condition WBa and WBb (increase in hip
abduction) for the right hip, while for the left hip the differ-
ence approached a significant difference (p = 0.055).  The
WBb stance condition was associated with approximately 8-
9 degrees more of external hip rotation than when meas-
ured in WBa condition (Table 4). When increasing the
stance width and hip abduction, the gluteus medius, glu-
teus minimus, and tensor fascia latae muscles (all capable
of producing external rotation) become shortened.  But, the
adductor brevis, adductor magnus, and pectineus muscles
(all capable of external rotation) are lengthened.  For WB
external rotation, the change in muscle length of the
involved musculature appeared to allow for more external
rotation. 

When going from a stance with an erect posture (WBa and
WBb) to a stance with added hip and knee flexion (WBc),
an 11-12 degree increase in WB external rotation and a 13-
14 degree increase in WB internal rotation occurred (Table
4).  In addition to the increased laxity in the hip capsule,
most of the internal rotators are put on slack in the position
of hip flexion (anterior gluteus medius, and tensor fascia
latae muscles) and thus are not limiting the measurement,
allowing for such an increase.  However, the external rota-
tors would be lengthened with the additional hip flexion,
but not at such a length that would limit the significant
increase in WB external rotation.

Prior to this study, the characteristics of weight bearing
internal and external hip rotations during a golf swing had

not been documented.  The results of the current study
demonstrate that significantly more external and internal
rotation occurs on the left (lead) hip during both the back-
swing and downswing phases (Table 5) than on the right
(trail) hip.  Thus, the golf swing necessitates an asymmet-
rical pattern of internal rotation and external rotation
between the two hips.  Previous research19-20 has shown that
golfers do present with side-to-side differences in their hip
internal rotation ROM, which would appear to be linked to
this repetitive movement pattern.  When examining golfers
in a prone, NWB condition, Vad et al19 found a significant
difference in side-to-side internal rotation in a sample of
professional golfers.  In that study, the lead hip demonstrat-
ed less internal rotation than the trail hip.  Although the sig-
nificant difference was only evident in the golfers with low
back pain, the trend was present for healthy golfers as well.
Further supporting Vad et al19, was the recent study by
Gulgin et al20 that found almost one-fourth of a sample of
female professional golfers had side-to-side asymmetry
between the lead and trail hip of more than five degrees in
internal rotation.  Vad et al19 measured active hip rotation
ROM and Gulgin et al20 measured passive hip rotation
ROM.  Although these previous investigations measured
hip rotation ROM in a NWB condition, it appears that
golfer's hip rotation ROM adapts to the demands placed on
it by the dynamic asymmetry of the golf swing.  In the cur-
rent study, WB internal rotation was approximately two
degrees less, although not significant, on the left (lead) hip
in comparison to the right (trail) hip (Table 4).  This result
adds to the body of evidence of the adaptation in the
golfer's lead hip internal rotation ROM, regardless of the
measurement technique (NWB or WB) used.  

The clinical relevance for asymmetrical hip rotation ROM
between the right and left hip is that the function of the
body's kinetic chain may be altered.   In particular, there is
a link with the spine, pelvis, and hip.  When ROM is limit-
ed in one of the movement regions, the others may also be
affected.  In order to maintain function, when ROM is lim-
ited in one of these segments, adaptation in the movement
of others is generally necessitated.  The investigation of
Cibulka et al3 have shown that an association exists with
asymmetrical hip rotation ROM and low back pain.  This
finding suggests that golfers who development asymmetri-
cal hip ROM as a result of the mechanics of the swing may
be at an increased risk for low back pain over the course of
their career.  Interestingly, low back conditions have been

            



North American Journal of Sports Physical Therapy  |  Volume 5, Number 2  |  June 2010  | Page 61

reported to be the leading injury complaint among both
professional and amateur golfers.10-18

Another important clinical consideration involving hip
ROM is that involving the influence of hip ROM on exces-
sive stress on the surrounding soft-tissue of the hip, which
would appear to be of particular concern when the avail-
able WB ROM is not adequate to accommodate the
demands of a full golf swing.  The results revealed that the
golfers tested did not exceed their available WB external
rotation ROM on either the backswing or downswing phas-
es (Table 5).  However, the golfers averaged 34.8 ± 11.7
degrees of internal rotation on the left (lead) hip during the
downswing, which exceeded their available WB ROM as
measured in condition WBa and WBb.  For WBa condition,
the golfers required 131.3% of their available internal rota-
tion WB ROM on the lead (left) hip, and for condition WBb,
they required 127.9% of their available internal rotation
WB ROM (Table 5).  However, when the internal rotation
WB ROM used during the golf swing is compared to a con-
dition most similar to that used during the golf swing
(WBc), the subjects did not exceed their available internal
rotation WB hip rotation ROM on the lead (left) hip (Table
5).  Thus, if golfers become fatigued or change their address
posture (do not set up with enough flexion in the hip and
knees) during a round of golf, they may begin to exceed
their available WB internal rotation ROM and risk injury.

While this study provides important information about WB
hip ROM and the associated hip ROM during the golf
swing, several limitations exist that should be considered.
First, the amount of the subject's hip torsion (anteversion
or retroversion) was not taken into consideration.
Participants who have a greater anteversion or retroversion
angle might show limitations in one of the hip rotation
measurements, while possibly having more in the opposite
rotational direction.  Second, tibial motion, or other kine-
matic contributors, may have acted differently when the
knee was flexed (condition WBc) compared to when the
knee was not flexed (condition WBa).  The transverse plane
movements of the knee or foot was not measured, because
this study only focused on hip motion; thus, the influence
of these other factors cannot be directly assessed for their
relative contributions.  The separate contributions of the
lower extremity joints and anatomic factors during a trans-
verse plane movement are areas that need to be addressed
in future research. Third, the WB ROM measurements
were assessed while each subject maintained equal weight
distribution between the right and left sides.  During the

golf swing, weight shifts to the right (trail) hip during the
backswing and toward the left (lead) hip during the down-
swing. Alterations in weight distribution may influence hip
joint kinematics.

CONCLUSION
The female golfers demonstrated symmetrical WB hip
rotation ROM for IR and ER, but did demonstrate a slight
decrease in WB internal rotation on the lead hip.  In gener-
al, golfers did not exceed the measured WB ROM limits
during the golf swing, but used significantly more hip
rotation ROM on the lead hip, creating an asymmetrical
movement pattern. Thus, for the athlete, WB assessment of
hip ROM may be more functionally relevant than tradition-
al NWB or more appropriate for the determination of
adequate ROM for a particular sport task. Future research
should focus on examination of the association between the
required ROM demands of a specific sport and the amount
of WB ROM available in athletes who participate in those
sports. An athlete who does not have the available WB
ROM needed for their sport movement may increase their
risk of injury by placing excessive stresses on the relevant
soft-tissues associated with the involved joint. 
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ABSTRACT

Background. The transversus abdominis (TrA) is a spine
stabilizer frequently targeted during rehabilitation exercis-
es for individuals with low back pain (LBP). Performance
of exercises on unstable surfaces is thought to increase
muscle activation, however no research has investigated
differences in TrA activation when stable or unstable sur-
faces are used. 

Objective. The purpose of this study was to investigate
whether TrA activation in individuals with LBP is greater
when performing bridging exercises on an unstable sur-
face versus a stable surface. 

Methods. Fifty one adults (mean ± SD, age 23.1 ± 6.0
years, height 173.60 ± 10.5 cm, mass 74.7 ± 14.5 kg) with
stabilization classification of LBP were randomly assigned
to either exercise progression utilizing a sling bridge
device or a traditional bridging exercise progression, each
with 4 levels of increasing difficulty. TrA activation ratio
(TrA contracted thickness/TrA resting thickness) was
measured during each exercise using ultrasound imaging.
The dependent variable was the TrA activation ratio.

Results. The first 3 levels of the sling-based and tradition-
al bridging exercise progression were not significantly
different. There was a significant increase in the TrA
activation ratio in the sling-based exercise group when

bridging was performed with abduction of the hip (1.48 ±
.38) compared to the traditional bridge with abduction of
the hip (1.22 ± .38; p<.05). 

Conclusion. Both types of exercise result in activation of
the TrA, however, the sling based exercise when combined
with dynamic movement resulted in a significantly high-
er activation of the local stabilizers of the spine compared
to traditional bridging exercise. This may have implica-
tions for rehabilitation of individuals with LBP.

Trial Registration: NCT01015846 

Key Words. Core stability, rehabilitation, Rehabilitative
Ultrasound Imaging
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BACKGROUND
Low back pain (LBP) is a significant problem that affects
approximately 50% of the population.1 The majority of
individuals with recurrent episodes of LBP do not have an
identifiable structural diagnosis.2 A treatment-based classi-
fication system has been developed to identify similarities
among subsets of individuals with LBP so that clinicians
can select appropriate interventions to improve out-
comes.3, 4 One subset of the classification system includes
individuals who are thought to benefit from spine stabi-
lization exercises.5-7

The stabilization classification is a subgroup of patients
who experience LBP as a result of faulty neuromuscular
control, rather than from true ligamentous instability.8, 9

Muscular injury, fatigue, or facet or disc degeneration can
compromise the stabilizing effects resulting in shearing
forces that cause the pain.10 A decrease in muscular con-
trol can have damaging effects on postural control and
intersegmental stability which may lead to degeneration
of spinal structures.10 Therefore, this subgroup of patients
would likely respond to a spinal neuromuscular rehabili-
tation program that targets the spinal stabilizers. 

The abdominal drawing-in maneuver (ADIM) has been
described as the best way to activate the TrA11-14 and is
often a fundamental exercise in a traditional stabilization
program for LBP.15, 16 The ADIM is an inward movement
of the lower abdominal wall in which the patient is
instructed to draw the umbilicus
toward the spine.15, 16 A key feature is
to teach the patient to preferentially
activate the TrA while maintaining
relaxation of the more superficial
musculature (rectus abdominus,
external oblique). The ADIM is often
used to facilitate the re-education of
neuromuscular control mechanisms
provided by the local stabilizing mus-
cles.16 This training of the TrA  has
been shown to improve pain and
function in patients with chronic
LBP17-19 because activating these mus-
cles is thought to assist in dynamic
spine stabilization during functional
tasks.20

Once the motor skill of the ADIM is
taught, it is combined with varied
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postures including supine or prone and advancing from
stable to increasingly unstable surfaces.16, 17 The tradition-
al stabilization exercise interventions have been
successful at treating LBP,17, 21-24 however there is often
recurrence of LBP that has been illustrated in several stud-
ies.20,25-30 This recurrence rate may be an indicator that
patients may be performing these exercises without prop-
erly activating the TrA or that a timing dysfunction  exists.
Hodges et al.25 proposed that the TrA contracts prior to
limb movement in healthy individuals, while the pre-acti-
vation is poor in those with LBP.  Exercise intervention
should focus on the best method to target the stabilizing
musculature, and therefore the recruitment of the TrA
during specific exercises should be examined.

Sling exercise therapy has been proposed to activate local
spine stabilizers during the activity in a pain free manner
without substitution of global muscles.26 Sling therapy
exercise is performed while the pelvis or lower extremities
are supported or suspended in a sling (Figure 1).  The exer-
cises can be made easier by providing assistance with a
sling and elastic cord to offset body weight, or made more
difficult by providing an unstable surface to perform the
exercises.  The patient must bear weight through the cords
and balance him or herself during the exercise. Stuge et al.
found that doing specific stabilization exercises using sling
exercise therapy in post-partum women with pelvic pain
was effective in reducing pain, improving functional sta-

tus, and improving health-relating
quality of life after a 20 week inter-
vention27 and at a 2 year follow up.28

However, the underlying mechanism
for improvement in their outcomes
was unknown. Stuge proposed that
increased activation of local stabilizer
muscles with the sling exercise thera-
py may have contributed to improved
outcomes compared to traditional
therapy. 

Rehabilitative Ultrasound Imaging
(RUSI) is a non-invasive method to
visualize the lateral abdominal wall
and qualitatively and quantitatively
assess deep muscular activity with
exercise.  Muscle thickness change
during the ADIM has been validated
with EMG studies29,30 and is an indica-
tor of muscle activation.16, 31 The TrAFigure 1. Sling exercise. 
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activation ratio
has been devel-
oped to examine
the recruitment
of the TrA during
an active con-
traction, thus
normalizing the
measurement to
the resting thick-
ness of the mus-
cle.32 Therefore,
comparisons in
the TrA activa-
tion ratio during
specific therapeutic exercise interventions can help
identify those exercises that preferentially recruit the local
stabilizers.16 The purpose of this study was to compare the
TrA activation ratio during a progression of traditional sta-
bilization exercise to a similar progression of sling based
exercise.

Methods
Study Design
A randomized trial with one between factor, exercise
group (standard bridge, sling bridge) and one within factor,
level of exercise (decreasing support) was used to examine
the effects of exercise on TrA activation ratio.  The main
outcome variable was the ratio of TrA thickness during the
exercise versus in the relaxed position (TrA activation
ratio).

Subject demograph-
ics between groups
were compared
using independent t-
tests.  A 2x2 mixed
model ANOVA was
performed to com-
pare TrA thickness
ratios during either
the traditional bridge
or sling bridge exer-
cise.  The level of sta-
tistical significance
was set a priori at
P< 0.05.  Statistical
analyses were

performed with
SPSS Version 16.0
(SPSS Inc.,
Chicago, IL).

Sample size cal-
culations indicat-
ed the number of
p a r t i c i p a n t s
required was 24
per group in
order to detect a
0.3 difference in
TrA contraction
ratio between
groups.  This was

based on standard deviations (0.36) from a previous
study,32 an a priori significance level of P= 0.05 and a
power of 0.80.  

Subjects
Fifty-one adults aged 18-53 with a current episode of LBP
were recruited to participate in this study (males=8;
females=33).  Demographic information is found in Table 1.
Subjects were recruited from the university community
and from an athletic therapy clinic. The subjects met
either 3 out of 4 criteria that categorized them in the
lumbar stabilization classification or 6 criteria for best-fit
categorization (Figure 2). The criteria for the lumbar stabi-
lization classification clinical prediction rule were patients
that are a younger age (<40), greater flexibility including
hamstring range of motion of 91º, positive prone instabil-

ity test, and an
instability catch or
aberrant move-
ments in flexion/
extension motions.5

Subjects that did
not meet 3 out of
these 4 criteria
were further evalu-
ated to see if they
met at least 6 of the
following best fit
criteria: spring test
hypermobi l i ty ,
increased episode
frequency, more

Table 1. Subject demographics. 

Figure 2. Inclusion criteria. 
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than 3 previous episodes, positive posterior pelvic pain
provocation test, active straight leg raise range  motion of
60-90º, modified Trendelenburg, or pain with palpation of
the long dorsal sacroiliac ligament or pubic symphysis.  If
they met 6 of these criteria, then they were considered a
best fit for the stabilization
classification (Figure 3). The
study was approved by the
Institutional Review Board of
the University of Virginia,
and written informed con-
sent was obtained from all
the participants before test-
ing.

Instruments
Ultrasonography
Resting ultrasound images of
the TrA were obtained using
a LOGIQ Book XP (GE
Healthcare Products,
Milwaukee, WI) with an 8
MHz linear transducer while
the subject was in the
supine hook-lying position.
Ultrasound imaging is a reli-
able and valid technique to
measure muscle thickness changes.  It has been com-
pared to MRI, which is    considered the gold standard for
the measurement of muscle geometry,33 and it has been
compared to EMG as a standard technique for monitoring
muscle activation.29, 30

The images were
recorded in B mode
with the transducer
placed just superior to
the iliac crest on the
right side in the trans-
verse plane along the
mid-axillary line.34 To
standardize the place-
ment of the transducer
among subjects, the
hyperechoic interface
between the TrA and
the thoracolumbar fas-
cia was the right most

structure of the ultrasound image. The angle of the trans-
ducer was altered to ensure the best image was captured
and the fascial layers of the abdominal muscles were par-
allel on the screen.34 Images were viewed ipsilateral to the
side of LBP, or on the right side if the participant had cen-

tral pain.  The transducer
was consistently placed
transversely over the lateral
aspect of the abdomen as
previously reported with the
medial edge of the transver-
sus abdominis was visualized
on the far right side of the
screen.34,35 (Figure 4) The
thickness of the TrA, Internal
Oblique (IO), External
Oblique (EO), and total later-
al abdominal thickness were
measured using Image J soft-
ware (Version 1.41o, Wayne
Rasband National Institutes
of Health; USA).  On each
image, the scale was set for
one centimeter using the
numeric scale on the right
side of the image.  The thick-
ness of the TrA, EO, and IO

were then measured using the distance between the supe-
rior edge of the deep hyperechoic fascial line to the inferi-
or edge of the superior fascial line. Then, the total lateral
abdominal thickness was measured by the distance
between the superior portion of the deep fascial border of

the TrA to the inferior
portion of the superior
fascial border of the
EO.34 The thickness
measurements were
then saved into
Microsoft Excel® where
TrA activation ratios
were calculated.

To minimize bias, the
series of images were
stored with no indica-
tion of which group the
subject had been ran-
domized.  The images

Figure 4. Resting and contracting with ADIM ultrasound image of lat-
eral abdominal wall. 

Figure 3. CONSORT flow chart 
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were later measured by a blinded examiner with previous-
ly established intrarater reliability (ICC3,k) equal or greater
than 0.99 for the TrA thickness measurements.

Prior to enrolling subjects, both examiners underwent a
supervised training program for the RUSI by an experi-
enced physical therapist.  After training, a pilot study that
consisted of 10 participants was used to establish intrarater
reliability for the RUSI measurement technique.  Two
images were taken, one during rest and 1 during a single
ADIM contraction.  This sequence was repeated 3 times
for a total of 6 images for each rater. This sequence was
then repeated a second time.  Measurements were taken
of the lateral abdominal wall and the measurement values
were then compared and it was found that the intraclass
correlation coefficient (ICC) for intrarater, interimage
reliability was greater than or equal to 0.99 for the TrA
muscle thickness measure (at rest and contracted).
Reliability for this rater was determined to be excellent
compared to previous reports of this measurement
technique.32,34,36

Testing procedures
Pre-Testing Training
The examiner utilized ultrasound imaging during pre-test-
ing training in order to monitor all participant's progress
while practicing the ADIM. The technique established by
Teyhen et al.34 was used to train the subjects to perform an
ADIM. Participants were instructed how to perform this
contraction through traditional methods, without using
visual feedback from the ultrasound image.16 Participants
were given verbal cueing instructions to gently pull their
navel to the spine at the end of a normal exhalation and to
hold this contraction for 10 seconds while continuing nor-
mal respiration.  A plateau in ADIM performance was
thought to occur when the participant could perform 3 iso-
lated TrA contractions without a specific increase in EO
and IO muscle thickness.

Initial Measurements
After ADIM training was complete, three baseline, resting
images were recorded at the end of exhalation.  These
images were stored for later measurement by a blinded
investigator.

Intervention Procedures
Following baseline measurement of lateral abdominal
muscle thickness, participants were randomly assigned to
either a traditional bridging exercise group or the sling

exercise bridging group using pre-printed cards enclosed
in sealed envelopes.  

There were four levels of bridging exercises in each group,
each progressively more difficult. The investigator moni-
tored success at each level prior to advancing to the next
stage of the exercise.  The investigator observed the pelvic
alignment in the horizontal plane and or any compensa-
tory movements and asked participants about whether
the activity increased their pain. Once the exercise was
performed properly, images during the exercises were
recorded during a 5 second hold. The examiner positioned
the ultrasound transducer on the lateral abdomen to
appropriately view the TrA and at the completed position
of each exercise, recorded the image for the contracted
position.  Five repetitions were performed at each level of
the exercise and the investigators recorded the RUSI dur-
ing repetitions 2-4. At least one contracted image was
obtained during each of the four levels of exercise progres-
sion.  The images were stored and saved according to the
participant number and the level of exercise.  The images
were measured after data collection by an examiner who
was blinded to the exercise condition.  

Traditional Bridge Exercise Progression
Each exercise began with the participants in the supine
hook-lying position on the treatment table with their
knees bent to 90º, feet flat on the table, and arms crossed
over the chest. The participants were then instructed to
perform an ADIM and then push through the heels to lift
their hips into the air while maintaining straight align-
ment of the knees, hips, and shoulders.  In the first level,
the participants held this position for 5 seconds and then
were instructed to lower their back and hips back to the
starting position. The second level consisted of the partic-
ipants extending their right knee for 3 seconds, returning
their foot to the ground, followed by left knee extension
for 3 seconds and then lowering back to the starting posi-
tion.  In the third level, the participant had a DynaDisc™
placed between their scapulae to perform the exercise on
an unstable proximal surface and in the fourth level they
were instructed to alternately extend their knees (as in
condition two) as well as abduct the hip 45º.  Participants
performed 5 repetitions on each level of the exercise
(Figure 5).
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Sling Bridge Exercise
The Redcord™ sling exercise therapy device (Redcord AS; Staubo,
Norway) was used for the sling bridge exercise. There were four
possible levels of the sling-bridging exercise (Figure 6).  The partici-
pants in the sling exercise group began by laying supine on the
treatment table with their hips and knees bent to 90º.  The partic-
ipant's knees were placed in a sling that was suspended from the
ceiling.  The first level consisted of the participants lifting their hips
into the air while maintaining straight alignment of the knees, hips,
and shoulders. Participants were not instructed to perform an
ADIM prior to sling exercise, as suggested in product literature
(RedCord™). The participants held this position for 5 seconds while
an image was recorded then lowered themselves back to the start-
ing position. In the second level, the participants left knee
remained in the sling and the right knee was not in the sling.  The
participant was instructed to hold their right leg at the same level
as the left and to lift their hips into the air while maintaining
straight alignment of the knees, hips, and shoulders.  They held this
position for 5 seconds and then lowered back to the starting posi-
tion.  In the third level, the participant had both knees placed in the
sling and a DynaDisc™ was placed in between their scapulae to pro-
vide an unstable proximal surface upon which to perform the
bridge.  In the fourth level, the participants' ankles were placed in
two separate slings and they were instructed to perform the bridge
and then abduct their legs one at a time before lowering back to the
starting position.  Participants performed 5 repetitions on each
level of the exercise and US images were recorded on repetitions
2-4.

Results 
The traditional exercise and sling exercise groups did not differ (P
> .05) in terms of demographic   stabilization classification criteria,
or pre-intervention TrA activation ratio.  It was not possible to
obtain clear images for 2 participants; therefore the data for these
participants was not included in the analysis.  All participants were
able to progress through the first two levels of their respective exer-
cise progression in a pain free manner with correct technique.  One
individual was not able to progress to Level 3 of the   traditional
bridging exercise, while all individuals in the sling bridge progres-
sion were able to complete Level 3.  Level 4 presented the greatest
technical challenge with 18 (75%) individuals able to complete the
traditional bridging exercise and 22 (88%) individuals completing
the sling bridge progression.  No individual in either group report-
ed pain during the exercise intervention at any level. 

Although consistently higher in the sling exercise group, there were
no significant differences (P>.05) in TrA activation ratios between
traditional bridging and sling bridging when comparing the first 3

Figure 5. Traditional bridge exercise progression. 
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levels of the exercise progression (Table 2).  TrA activation ratio was
significantly greater (P=.04) when performing sling bridging with
hip abduction (Level 4) compared to traditional bridge with hip
abduction (Table 2).

Discussion
The goal of a rehabilitation program for patients with LBP is often
based on an ability to regain neuromuscular control of the TrA, in
conjunction with other segmental stabilizers such as the multifidus.
This treatment is the recommended plan for “stabilization” classifi-
cation of LBP patients who may have poor motor control especial-
ly during dynamic tasks. These patients are typically young, have
increased flexibility and experience recurrent episodes of LBP. On
examination, there is typically a positive prone instability test37 or
other provocative maneuvers that amplify abnormal motion in the
spine. These individuals often present with subacute symptoms
and may function at a relatively high level despite ongoing or
recurrent LBP.

The TrA activation ratio has been proposed as an index to deter-
mine the ability of the local musculature to stabilize the spine.29,32,38

There is a preponderance of literature that has utilized ultrasound
imaging to examine the function of the TrA reporting either mus-
cle thickness during contraction39,40 or the difference in thickness
during contraction compared to a resting state.41 The TrA activation
ratio compares the muscle thickness during contraction to the
thickness during a resting state in a similar manner to the method
that reports strength measures as normalized to body weight.
Although the terminology of “activation” ratio implies a neuromus-
cular influence, ultrasound imagining is only able to measure cross
sectional thickness of the muscle rather than a true measure of the
reactivity or excitability of the specific muscle being examined.
Changes in thickness are thought to be representative of increased
muscle activation.29,42 Although the TrA activation ratio seems to be
the most consistent and representative measure, normative data
for the TrA activation ratio in both normals and individuals with
LBP is lacking.43

Average TrA activation ratio during the ADIM for both groups prior
to the intervention was 1.58.  This ratio seems low compared to a
previous study by Teyhen et al34 who observed TrA activation ratios
of approximately 2.0 during the ADIM.  However that study used
active duty soldiers with non-specific LBP and utilized ultrasound
imaging for biofeedback during the testing.34 The TrA activation
ratio observed in the present study was consistent with the values
reported by Kiesel et al.44 for those with stabilization classification
LBP where there was a 50% increase in thickness during contrac-
tion. 

Figure 6. Sling-Bridge exercise progression. 
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The authors of
the current
study examined
a series of    exer-
cises performed
in two different
modes in order
to determine
which exercises
had the greatest effect on changes in thickness of the deep
spinal stabilizers. The rehabilitative exercises using the
sling based therapy   resulted in the highest value in TrA
activation ratio of the dynamic exercises that were exam-
ined, but only in the most challenging exercise condition.
As documented by other investigators,34,42 the authors also
found that the ADIM in the hook lying position was an
effective method to activate the TrA. This static task may
contribute to the initial retraining of the neuromuscular
control, however, the most complex task, bridge with hip
abduction with sling support comparatively resulted in a
thickness change in the TrA, without volitional contraction
of the abdominal musculature. Since the role of local stabi-
lizers is reflexive in nature, the use of exercises, which acti-
vate these muscles, without conscious contraction, may
translate to other functional activities.

The use of unstable surfaces for exercise training and
rehabilitation has been hypothesized to challenge the
motor control system more than a stable surface and there-
fore increase the contraction speed, intensity and muscle
activity levels of the stabilizers of the spine.45-47 Using
unstable surfaces also improves the coordination of neuro-
muscular reflexes reaction responses in movement.48

Vera-Garcia et al.45 found that doing curl-ups on a labile sur-
face challenged the motor control system which increased
abdominal muscle activity and co-activation because of the
increased demand on the stabilizing muscles.  They found
that this increase in activation of these muscles would chal-
lenge the endurance capacities which would lead to a bet-
ter training approach although the exercise also recruited
the global muscles rather than just the spinal stabilizers.45

Although their study showed evidence that the use of labile
surfaces is beneficial, the research still has mixed results on
whether those exercises better results than traditional exer-
cise.49,50

A large percentage of the participants were able to perform
all levels of the traditional (75%) and sling (88%) bridging

p r o g r e s s i o n .
Completion of an
exercise, however
does not neces-
sarily translate
into an ability to
concurrently sta-
bilize the spine
during the task.

The exercise progressions that were chosen for this study
were thought to be equal tasks that could be comparable in
terms of difficulty and muscular demand.  The clinician's
goal with exercise intervention is to find the most challeng-
ing exercise level that patients perform correctly, without
causing pain.  Both progressions were nearly identical in
terms of limb positions and movements.  However, the
sling exercise group had an unstable surface in every level.
The authors believe that this factor contributed to the
increased muscular demands in this group compared to the
traditional group, particularly to maintain balance and
alignment during the exercise. Furthermore, a higher per-
centage of subjects in the sling exercise group were able to
complete all levels of progression suggesting that sling exer-
cise programs provide an alternative exercise modality in
patients with LBP.

A limitation of this study was the individuals with LBP who
met stabilization classification criteria were not actively
seeking medical care for their pain.  Although, subjects in
the present study did demonstrate a level of dysfunction as
measured by the Oswestry and Fear Avoidance Beliefs
Questionnaire (FABQ) self report measures, it is possible
that individuals with greater dysfunction may have TrA
activation ratios that are different with this exercise
progression. Additionally results for other exercise progres-
sions on stable or unstable surfaces (i.e. side-bridge or front
plank) are unknown. Additional research is necessary to
determine the contribution of sling exercise therapy in
acute muscle activation as well its effect on long term
patient oriented outcomes. 

Conclusions 
Activation of the TrA is a commonly used in rehabilitation
exercise because of its ability to actively stiffen the
spine,16,51-53 maintain safe spinal orientation prior to move-
ment,25, 54,55 and control shearing forces on the spine.52 Both
types of exercise that were studied in this investigation
were capable of recruiting the TrA. However, the results of
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Table 2. Transverse abdominis activation during bridging exercise. 
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this investigation indicate that sling based exercise is equiv-
alent to traditional mat based exercise in increasing the TrA
activation ratio. Our findings further suggest that individu-
als with LBP may be better able to recruit the TrA during
the more complex sling based task.  Clinically, sling-based
therapy can be used to train the neuromuscular system of
the deep spinal stabilizers in subjects with low back pain.
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ABSTRACT

Background. There is no consensus among the existing
published evidence as to whether closed kinetic chain
(CKC) or open kinetic chain (OKC) exercises should be the
intervention of choice following an anterior cruciate liga-
ment (ACL) injury or reconstruction. The commonly held
belief has been that OKC exercises cause increased strain
on the ACL as well as increased joint laxity and anterior
tibial translation.

Objective. To investigate the effects of OKC and CKC
exercises on the knees of patients with ACL deficiency or
reconstruction. 

Data Sources. MEDLINE, ProQuest Medical Library, and
CINAHL

Study Selection. Six articles were chosen for inclusion in
the systematic review. The authors narrowed 50 articles
down to 6 by review of titles and abstracts. Included arti-
cles were randomized controlled trials written in English,
published during 2000-2008, that evaluated the effects of
OKC and CKC exercises on ACL deficient or reconstructed
knees. 

Data Extraction. Quality of the included studies was
defined by the PEDro scale1, which has been found to be
reliable.2

Data Synthesis. Scores on the PEDro scale1 ranged from
4-6/10. One article found positive significant effects with
inclusion of OKC exercises in the rehabilitation program
and another found significant benefits with combining
OKC and CKC exercises. CKC exercises alone were not
found by any studies to be superior to OKC exercises.  

Conclusion. These studies reveal favorable results for
utilization of both open and closed kinetic chain exercises
for intervention with ACL deficient or reconstructed
knees.  However, further research needs to be completed.

Key Words. open/closed kinetic chain exercise, ACL
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INTRODUCTION
Over the years, debate has persisted regarding what type
of exercise is most appropriate after an anterior cruciate
ligament (ACL) injury. Specifically, the question arises
about what kind of forces the ACL deficient or reconstruct-
ed knee is able to withstand during exercise and function.
The ACL is the primary restraint to anterior translation of
the tibia on the femur. In addition, the ACL serves as a sec-
ondary restraint to tibial rotation and any varus/valgus
angulation that occurs when the knee is at full extension.
Because the bony relationship between the tibia and
femur offers little bony stability, the ACL is of primary
importance as a stabilizer of the knee.

Recently, treatment after ACL injury has been focused on
closed kinetic chain (CKC) exercises.  CKC exercises have
been used preferentially because of the belief that they
are safer for the patellofemoral joint, replicate functional
tasks, and do not contribute to increased risk of anterior
tibial displacement.3,4,5 CKC exercises are mainly used to
train the quadriceps muscle group to improve muscle
strength, coordination, and proprioception, while putting
the least amount of tensile strain on the ACL.6 For these
reasons, it has been suggested that CKC exercises are safer
than open kinetic chain (OKC) exercises for rehabilitation
of both ACL deficient and reconstructed knees, decreasing
the likelihood of injurious stresses being placed on the
injured or reconstructed ligament.  The use of OKC exer-
cises with ACL pathologies has been proposed to increase
the anterior shear forces at the knee, to a greater extent
than CKC exercises.4,6 With an increased demand placed
on the ACL by greater shear forces, the injured or recon-
structed ACL graft undergoes a substantial amount of
strain due to the anterior translation of the tibia on the
femur, which may result in increased damage to the liga-
ment.5 However, there is not consistency among results of
research regarding this belief.  The question remains:
whether CKC or OKC exercises are more harmful to the
overall structure of the knee joint, through increased
strain on the ligament, increased joint laxity, or increased
anterior tibial translation, and whether either should be
preferentially used or discontinued.

By conducting a systematic review of the literature, data
can be compared from past studies to examine whether
the evidence or lack thereof offers insight on the appropri-
ateness of OKC versus CKC exercises when dealing with
patients who have ACL pathology.  The clinical relevance
of this review encompasses the all-important paradigm of
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function.  Some researchers have found both closed
kinetic chain and open kinetic chain exercises to be
important for return to function following an injury to the
ACL.7,6  Rehabilitation of the knees of ACL injured and
reconstructed patients must include interventions that are
both safe and effective with the goal of returning patients
to their activities at a high functional level as quickly as
possible. The aim of this systematic review is to compare
the clinical and statistical outcomes of published studies
that compare OKC and CKC interventions for ACL rehabil-
itation.  

METHODS
Literature Search
MEDLINE database searches were performed using
keywords: “kinetic chain”, “ACL”, “chain”, “knee”, and “lax-
ity”.  A ProQuest Medical Library search was performed
using keywords: “knee” and “closed kinetic chain”, and a
CINAHL database search was completed using keywords:
“closed kinetic chain” and “ACL”.  All search results were
limited to full text, peer reviewed articles. 

Study Selection Criteria
In order for an article to be included in this systematic
review it had to have been published between 2000-2008,
written in English, evaluate open kinetic chain and closed
kinetic chain exercises on an ACL deficient or reconstruct-
ed population, and be a randomized control trial. The
reason for inclusion of research regarding rehabilitation of
subjects with ACL deficiency and ACL reconstruction is
that both need to be protected from undue stress and
shear, either during healing or during exercises in order to
decrease the risk of stretching forces which could produce
further injury. 

Review Criteria
All studies included were categorized as Sackett evidence
level Ib8, individual randomized controlled trials (with nar-
row confidence interval). 

Interpretation of the Evidence
According to the scoring used by Physiotherapy Evidence
Database (PEDro) scale1, a study that received a “1” rating
in any given category indicates that the study sufficiently
met the criterion.  The authors of this systematic review
agree with the PEDro ratings given for most categories1 in
the included articles. However, Perry et al4 and Perry et al5

both received a score of “0” for criterion 8: “Measures of at

            



North American Journal of Sports Physical Therapy  |  Volume 5, Number 2  |  June 2010  | Page 76

least one key outcome were obtained from more than 85
percent of the subjects initially allocated to groups”1 and
the authors of this systematic review would contest this
score due to the inclusion of at least 1 key outcome meas-
ure reported for over 85 percent of the subjects in each of
these published reports.

Results of the Literature Search
The MEDLINE search discussed above yielded 31 results,
which were then narrowed to 18 with a change of key-
words. The described ProQuest Medical Library search
yielded 7 results. The CINAHL database search yielded 19
results.  Duplicate results were found during some of the
searches.  After further scanning the titles, 12 articles
were selected for the initial review.  After reading through
the abstracts, 6 articles were chosen for inclusion in the
systematic review for their relevancy and their ability to
satisfy the selection criteria. 

Methodological Quality of Reviewed Studies
Scoring the strength of the articles was performed using
the 11-point PEDro scale (Table 1) developed by physio-
therapists at the University of Sidney.1,9 A higher score on
the PEDro scale suggests a stronger quality study. This
scale has been found to be acceptable for use in scoring
when a consensus rating is used.2 A consensus rating
involves 2 independent raters scoring the study and a
third rater being used to resolve any disputes.2 The PEDro
scores reported in this systematic review were obtained
from the Physiotherapy Evidence Database.1 The scoring
was performed using a consensus rating (See Table 2 for
results).  

Table 1. PEDro Scale 
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SUMMARY OF THE LITERATURE

Mikkelsen C, Werner S, Erikson E. Closed kinetic chain alone
compared to combined open and closed kinetic chain exercises
for quadriceps strengthening after anterior cruciate ligament
reconstruction with respect to return to sports: A prospective
matched follow-up study. Knee Surg Sports Traumatol Arthrosc.
2000;8(6):337-342.7

Purpose: The purpose of this prospective matched
follow-up study was to investigate the effects of CKC
quadriceps exercises compared to OKC exercises following
ACL reconstruction.  Specifically, the researchers sought
to determine the effects these exercises had on anterior
knee laxity and isokinetic muscle torque. Methods: In
order to be included in the study subjects had to have sus-
tained their first unilateral ACL injury and they had to
have a healthy contralateral leg.  Subjects were excluded if
they had any previous knee injuries or a concomitant
injury that could influence their rehabilitation potential.
Using this criterion, 44 men and women from the ages of
18-49 were included in the study. Each subject was ran-
domized into one of two treatment groups each consisting
of 22 subjects.  Group 1 used CKC exercises to strengthen
their quadriceps while group 2 carried out quadriceps

strengthening through combined OKC and CKC.  Subjects
began their specific treatment protocol the day after their
reconstruction.  In addition to randomization, each
patient was matched to another patient for age, gender
and level of physical activity.  The measurements in this
study at baseline (6 weeks post-surgery) and at 6 months
post-op included anterior knee laxity with the use of
KT-1000™ arthrometer and isokinetic measurements of
the quadriceps and hamstrings muscle torque using the
Kin-Com® dynamometer.  In addition to these tests and
measures, patients were given a questionnaire on knee
function and satisfaction that was returned at an average
of 31 months post-surgery. Results: Statistical analysis
with a Chi-Square test was used to determine if the out-
comes were significantly different between groups.  There
was no significant difference between groups in regards to
anterior knee laxity when compared both pre- and post-
operatively between injured and healthy knees. Group 2
did show a significantly greater gain in quadriceps torque
at 6 months post-op but the groups were similar in ham-
string torque. Examination of the questionnaire data
determined that group 2 returned to sports at the same
level as before their ACL injury earlier than group 1.
Conclusion: Based on the data from baseline and post-
intervention measures, the researchers concluded that a

Table 2. PEDro Score for Each Study Included In the Review
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combination of CKC and OKC exercises for quadriceps
strength was better than using CKC exercises alone.  This
combination approach to intervention improved muscle
torque about the knee and returned patients to activity
earlier than the use of CKC exercises in isolation.

Morrissey MC, Drechsler WI, Morrissey D, Knight PR,
Armstrong PW, McAuliffe TB. Effects of distally fixated versus
nondistally fixated leg extensor resistance training on knee
pain in the early period after anterior cruciate ligament recon-
struction. Phys Ther. 2002;82(1):35-43.3

Purpose: The purpose of this randomized control trial
was to assess the impact of a distally fixed (CKC) exercise
protocol versus that of a nondistally fixed (OKC) protocol
on knee pain in subjects post-ACL reconstruction.
Methods: A convenience sample of subjects recovering
from ACL reconstruction was utilized.  The reconstruction
used either a ligament augmentation device with a piece
of patellar tendon or a bone-patellar tendon-bone graft.
Forty-three subjects met the inclusion criteria which
consisted of: no history of pathology requiring medical
attention in the contralateral lower limb, at least 20 days
between baseline measurements and surgery, 35 days
between pre-test and post-test, ability to carry out 8 to 13
therapy sessions between pre-test and post-test, passive
knee flexion to 90 degrees, and the ability to walk without
an assistive device. Subjects were randomized by block
randomization into different treatment groups. Twenty-
one patients were placed into group C; who received CKC
training and 22 subjects were placed into group O, who
received OKC exercises. Baseline measures collected by
the examiners included: knee laxity using a ligament
arthrometer, the Hughston Clinic Questionnaire, knee
girth, passive ROM for knee flexion and extension, isoton-
ic OKC knee extensor muscle performance, isotonic CKC
and OKC knee and hip extensor muscle performance, bio-
mechanical analysis of knee function, and isometric and
isokinetic performance of the knee flexors and extensors
in OKC positions.  The primary outcomes measured and
analyzed from pre-test to post-test included: VAS scores
from the Hughston Clinic Questionnaire, bilateral
maximum isometric torque of the knee extensors, and
VAS scores for pain during maximum isometric torque of
the knee extensors.  In addition, pain was further moni-
tored in each treatment session and subjects were asked to
report the amount and location of the pain, and the exam-

iners reported the amount of peak torque generated by
the knee extensors.  Results: The researchers found a
statistically significant difference between pre-test and
post-test VAS scores for the 3 pain questions from the
Hughston Clinic Questionnaire. However, the between
group analysis did not show a significant difference in
pain scores.  In addition, the researchers determined that
a significant relationship between groups did not exist in
the data collected for isometric knee extension and
change in knee pain.  Conclusion: CKC exercises do not
affect knee pain differently than OKC exercises in patients
following ACL reconstruction.  The researchers suggested
that either training protocol can be used in subjects early
after ACL reconstruction, specifically, to strengthen hip
and knee extensors.  However, they also suggested that
until further evidence is provided clinicians should con-
tinue to use the more conservative approach consisting of
CKC exercises for training after surgery.

Morrissey MC, Hudson ZL, Drechsler WI, Coutts FJ, Knight
PR, King JB. Effects of open versus closed kinetic chain train-
ing on knee laxity in the early period after anterior cruciate
ligament reconstruction. Knee Surg Sports Traumatol Arthrosc.
2000;8(6):343-348.10

Purpose: The purpose of this study was to evaluate the
effects of OKC and CKC exercises on knee laxity immedi-
ately following ACL reconstruction.  Methods: The study
consisted of 36 subjects (7 females, 29 males) who were
less than 20 days post-ACL reconstruction. Other
inclusion criteria included: no prior history of pathology
requiring medical attention in uninvolved lower extremi-
ty, days between pre- and post-test was <35, and subjects
that received 8 to 13 physical therapy sessions. Knee laxi-
ty measurements were taken with the Knee Signature
System™ arthrometer pre-therapy and then the subjects
underwent 4 weeks of therapy 3 times per week.  Subjects
were randomly assigned to either an OKC exercise group
or a CKC exercise group. Laxity measurements were
repeated at the end of the 4 week therapy session.
Dynamic and isometric quadriceps and hamstring
strength measurements were taken.  Walking and stair use
was analyzed using three cameras and a force plate sys-
tem as an evaluation of function. Logarithmic transforma-
tion was used on anterior tibial displacement values to
correct for the skew that was present. The researchers
used the ANCOVA to statistically compare the laxity
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between the 2 experimental groups.  Results: The mean
laxity values in the closed and open kinetic chain groups
were 9.87 (pre-test), 9.98 (post-test) and 9.46 (pre-test),
10.25 (post-test) respectively.  The post-test mean laxity in
the OKC group was 9% greater than the CKC group but did
not demonstrate a statistically significant difference
(P=0.32) at the 95% confidence interval. Conclusion:
There was not a statistically significant difference between
patients who used closed kinetic chain and open kinetic
chain exercises with regards to knee laxity (anterior tibial
displacement).  This study also found no difference in
function or knee pain between groups.

Perry MC, Morrissey MC, King JB, Morrissey D, Earnshaw P.
Effects of closed versus open kinetic chain knee extensor resist-
ance training on knee laxity and leg function in patients during
8- to 14-week post-operative period after anterior cruciate liga-
ment reconstruction. Knee Surg Sports Traumatol Arthrosc.
2005;13(5):357-369.4

Purpose: The aim of this study was to evaluate the effects
of OKC and CKC knee extensor exercises on knee laxity
and function in subjects who were 8 to 14 weeks post ACL
reconstruction.  Methods: 49 subjects were included in
the study (37 males, 12 females).  Inclusion criteria includ-
ed: subjects being 18-60 years old, having no posterior
cruciate ligament tear in the involved knee, and having
required no medical services for the contralateral leg in the
previous 6 months.  The study involved training between
weeks 8 and 14 following reconstructive surgery.  Subjects
were randomly assigned to either an OKC or CKC training
group. Subjects filled out the Hughston Clinic
questionnaire regarding their involved knee. Various meas-
urements were taken at the start of the study by therapists
blinded to group assignment, including: height, weight,
active knee motion angles, knee circumference, and knee
laxity values attained with the Knee Signature System™.
Subjects also were asked to fill out an activity log.  All sub-
jects underwent therapy 3 times per week for 6 weeks.
Exercises were performed at 3 sets of 20 for the first 3
weeks and 3 sets of 6 for the last 3 weeks.  Specific training
regimens for the two groups can be seen in Table 3.  After
6 weeks of therapy the same measurements were taken
and 3 jump tests were added. Statistical analysis utilized
independent two sample t-tests, Mann-Whitney U test, Chi-
Square tests, and univariate analysis to compare baseline
values to post-test values. Results: Statistical analysis of
baseline and training data showed similarity between the

groups, except that the CKC group spent significantly more
time on a bicycle and had a higher final quadriceps load
(weight in kg used for resistance exercises).  There were no
statistically significant differences in any of the measured
variables between the 2 groups.  Conclusion:  The results
of this study revealed no significant difference in knee lax-
ity between groups rehabilitated using open and closed
kinetic chain exercise regimens.  Additionally, no signifi-
cant difference was found in patient reported or objective-
ly measured function in subjects who were in the middle
period (weeks 8-14) of ACL rehabilitation. The authors
advised that CKC exercises be used for ACL rehabilitation
because OKC exercises showed no advantage over CKC and
there might still be risk involved with OKC exercises. 

Perry MC, Morrissey MC, Morrissey D, Knight PR, McAuliffe
TB, King JB. Knee extensors kinetic chain training in anterior
cruciate ligament deficiency. Knee Surg Sports Traumatol
Arthrosc. 2005;13(8): 638-648.5

Purpose: The purpose of this randomized, single-blind
clinical trial was to compare the effects of OKC and CKC
exercises on knee laxity and knee function in patients with
ACL deficiency.  The null hypothesis of the study was that
groups would not differ in terms of laxity of the injured
knee, self-assessment of knee function, or injured/unin-
jured leg jump ratios after training. Methods: The trial
examined 64 patients, 49 males and 15 females.  Subjects
were assigned to either an OKC treatment group or CKC
treatment group based on block randomization.  Inclusion
and exclusion criteria for this study were that subjects were
deemed suitable if they had no previous history of pathol-
ogy requiring medical attention in the contralateral lower
extremity within the past 6 months, did not have a concur-
rent posterior cruciate ligament (PCL) injury, and their
ACL diagnosis had to be confirmed by the use of an MRI or
other clinical test.  After informed consent was received,
the patients went through a series of tests and measures
conducted by physical therapists that were blinded to the
subjects group assignments; including knee laxity testing
with a ligament arthrometer, measurement of function
based on the Hughston Clinic knee self-assessment ques-
tionnaire, and testing of the maximum effort during a sin-
gle leg jump test.  Each of the above named tests were
measured at baseline and then again following 6 weeks of
intervention, during which patients attended therapy 3
times per week.  A general questionnaire was used to glean
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information regarding the dates of the patients' arthroscopy
and/or injury, activity impairments, and details of the
injury. The Hughston Clinic questionnaire was used to
understand how the patients' felt regarding the condition of
their knee.  In order to test knee laxity examiners made use
of the Knee Signature System™.  The jump test methods
used (single-leg horizontal hop and the vertical jump) have
both been found to be reliable and valid. Aside from the test
and measures, the researchers instructed the subjects to
keep a diary, which allowed them to record the details of
the     therapy they received as well as activities they were
participating in outside of treatment. Results: At the con-
clusion of this study the researchers were unable to reject
their null hypotheses regarding all study variables.  The
researchers were not able to find a significant difference in
the knee laxity measurements between groups from base-
line when compared to the end of the intervention pro-
gram.  The subjects demonstrated a statistically significant
difference between groups in the vertical jump test, which
was greater in the OKC group at post-test.  However, even
with this finding, inferences can not be made for the other
jump test because of the differences in muscular torques
and motor performance variations that are required with
each of the tests.  Conclusion: The researchers concluded
that OKC and CKC exercises of the knee extensors follow-
ing ACL injury do not differ in their effects on knee laxity
and function in the ACL deficient knee.

Tagesson S, Oberg B, Good L, Kvist J. A comprehensive rehabili-
tation program with quadriceps strengthening in closed versus
open kinetic chain exercise in patients with anterior cruciate
ligament deficiency: A randomized clinical trial evaluating
dynamic tibial translation and muscle function. Am J Sports
Med. 2008;36(2):298-307.6

Purpose: This randomized controlled trial aimed to define
the differences between a comprehensive rehabilitation
program which used either additional quadriceps strength-
ening using CKC exercises or additional quadriceps
strengthening using OKC exercises. Methods: The trial
included subjects between the ages of 15 and 45.  Inclusion
criterion was that subjects had to have a unilateral ACL rup-
ture that was no more than 14 weeks old.  Subjects were
exluded if they had an additional injury or previous surgery
to the lower extremities, except for minor meniscal or col-
lateral ligament injury, and if the diagnosis of the ACL
injury was not identified by an MRI. Patients were assigned
to two separate treatment groups, CKC or OKC, using block

randomization. The following information was gathered on
the injured lower extremity at baseline and after 4 months
of intervention: 1 repetition maximum of a single leg squat
on a squat machine, swelling at the joint-line, passive range
of motion (PROM) for knee extension and flexion, tibial
translation with an  instrumented Lachman test using the
CA-4000, gait assessment with use of Kistler™ force plate,
anterior tibial translation during single-leg squat using of
the CA-4000, maximal isokinetic torque of the knee exten-
sors and flexors at 60 deg/s, vertical jump ability with the
use of Kistler™ force plate,  and patient self assessment with
the Lysholm score, the Knee Injury and Osteoarthritis
Outcome Score (KOOS), and the Tegner questionnaire to
determine the patient's self reported activity level.
Results: In order to determine differences from baseline to
post-intervention, the researchers used the following statis-
tical tests: independent samples t-tests, a paired samples
t -test, the Mann-Whitney U-test, and the Chi-Square test.  A
significantly greater difference was found in quadriceps
strength of the injured leg after intervention in the OKC
group as compared to the CKC group.  Following training,
isokinetic extension produced greater anterior translation
in the injured leg than the uninvolved leg in both the CKC
(P=0.002) and the OKC group (P=0.031). Lastly, before
intervention the median Lysholm score was higher in the
OKC group than the CKC group (P=0.009), but after inter-
vention the scores were similar, indicating that the degree
of improvement was greater for the CKC group (P=0.044).
Conclusion: Results showed that a treatment program
complemented with OKC quadriceps exercises led to signif-
icantly greater quadriceps strength over one with CKC
quadriceps exercises only.  The authors of this article stat-
ed that their results support the use of OKC exercises to
regain proper muscle torque around an ACL deficient knee.  

DISCUSSION/CONCLUSION
Six randomized controlled trials were analyzed for this
systematic review.  Each of these articles studied the effec-
tiveness of and differences between OKC exercises and
CKC exercises following an ACL repair or ACL injury with
subsequent deficiency.  Of the 6 articles, 4 articles investi-
gated the differences within a population of patients who
underwent ACL reconstruction and the other 2 investigat-
ed subjects who had ACL deficiency.  Five of the 6 articles
studied the effects of these exercises on knee laxity, exam-
ining both static and dynamic anterior tibial translation.
Four of the 6 articles utilized measurements including knee
girth, PROM of knee flexion and extension, muscle

                  



strength testing and biomechanical analysis of knee func-
tion during walking and stair use. Three studies3,4,5 utilized
the Hughston clinic questionnaire to address patient self-
assessment and two of these studies4,5 also used a pre-test
general questionnaire to describe injury and surgery dates,
activity difficulties, and any current sporting activities. One
study used a post-test questionnaire addressing knee func-
tion and satisfaction as well as physical    activity.7 One of
the 6 articles used other additional outcome measures
including subjects' 1 repetition maximum, anterior transla-
tion during single-leg squat, vertical jump ability, a
Lysholm self-assessment tool, the Knee injury and
Osteoarthritis Outcome Score (KOOS) and the Tegner ques-
tionnaire.6

Of the 6 articles, 2 found positive significant effects with
inclusion of OKC exercises in the rehabilitation program.
Tagesson et al6 stated that their results supported the use of
OKC exercises to regain proper muscle torque around an
ACL deficient knee. Strengthening of the quadriceps
through a treatment program using OKC quadriceps exer-
cises (with exclusion of CKC exercises) led to significantly
greater quadriceps strength over using CKC quadriceps
exercises alone.  Mikkelsen et al7 found that a combination
of CKC and OKC exercises was better than using CKC exer-
cises alone for regaining quadriceps strength following
reconstruction of the ACL.  This combined exercise method
improved muscle torque about the knee and returned
patients to activity earlier than the use of CKC exercises in
isolation.

Both of the studies by Perry et al4,5 commented on the
reliability and validity of various elements of their research
design. Reliability of the therapists measuring laxity com-
pared well with other published data, having significant
difference values for knee laxity between 3.8 to 4.8mm.4,5

The studies also used hop tests, which have been shown to
be reliable and valid measures of knee function.11,12,13,14

Studies that incorporated questionnaires to assess
subjective information by patients about their knee func-
tion presented more detailed outcomes, accounting for
multiple aspects of the rehabilitation process. For example,
Mikkelsen et al7 used a questionnaire that assessed knee
function and satisfaction.  The results of this questionnaire
were found to be significantly different in subjects in the
combination group (CKC plus OKC exercises) as compared
to CKC alone.  Subjects believed their knee function was

greater and reported earlier return to sports than those who
received CKC exercises alone.  

A weakness among some of the studies was a lack of
statistical power due to inadequate subject numbers. For
example, Morrissey et al10 conducted an analysis which
reported the need of 60 subjects for statistical power.
However, the study was carried out with only 36 subjects,
demonstrating insufficient statistical power and thus the
inability to make broad inferences with the resulting data.  

Four of the 6 articles had some of the same co-authors.
Therefore, a weakness in these 4 studies is the fact that
these authors may have been attempting to prove their per-
sonal ideas of what should be included in rehabilitation
interventions in patients with reconstructed or deficient
ACLs. Also, bias may be present in their inclusion and
exclusion criteria.  Based on the number of studies com-
pleted by this group of authors, the inclusion criterion for
subjects and methodology choice for their studies may be
based on past experiences and outcomes and therefore
reflect bias.  Lastly, a few of the articles had inadequate fol-
low-up periods.3,4,5 The results that were obtained may be
further affected by increasing the amount of time between
baseline and follow-up measurements.  It may be that the
subjects involved did not have enough time to develop sig-
nificant changes in measured parameters, either positive
or negative.

Five out of the 6 studies examined in this review provided
a thorough description of therapeutic interventions that
were utilized, in order to allow for replication of their meth-
ods.3,4,5,6,10 Another strength of all of the studies was the use
of strict therapeutic protocols to avoid the influence of con-
founding interventions.  

Only randomized controlled trials were included within
this systematic review, reflecting incorporation of strong,
high level evidence based on Sackett's criteria.8 The search
completed by the authors of this systematic review yielded
the same results as those listed on the Physiotherapy
Evidence Database for this topic, suggesting that this
systematic review provides a conclusive summary of the
present evidence.1 It may be beneficial for future reviews to
include other types of studies, such as systematic reviews
in order  to include a wider variety of the evidence.  A lim-
itation of this review is that some of the authors were
collaborators in more than one of the studies, and therefore
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this group of authors' findings represents a majority of the
data reviewed.

Implications for Clinical Practice
The results of these 6 studies offer the following recom-
mendations for clinical application: closed kinetic chain
and open kinetic chain exercises seem to have similar out-
comes on knee laxity, knee pain, and function and there-
fore can both be used during the rehabilitation of a patient
with ACL deficiency or post ACL reconstruction. However,
it is important to keep in mind that 2 of the 6 studies
showed favorable results for OKC exercises over CKC exer-
cises.  Mikkelsen et al7 found that using closed and open
kinetic chain exercises together led to greater quadriceps
torque return and a quicker return to sport than CKC alone.
On a similar note, Tagesson et al6 reported that OKC exer-
cises for quadriceps led to better gains in quadriceps
strength than when using CKC exercises. The conservative
approach would be to continue using closed kinetic chain
exercises primarily, at least at the start of rehabilitation,
due to the fact that there are not an adequate number of
studies to completely refute the possible harm which may
accompany the use of OKC exercises on the knee in this
specific population.  However, from the examination of the
current research, it appears that an eclectic approach is
warranted.  Both closed and open kinetic chain exercises
are beneficial for this patient population.  Though it is com-
mon to think of many lower extremity functional tasks as
being CKC, there are many that are performed in open
kinetic chain. This is especially true for many complex
movements that occur within the performance of sports.
Many sporting movement patterns include both open and
closed chain actions and could be considered “hybrids”.
Therapists should not ignore the fact that the body per-
forms many motions and actions in different contexts and
it may be beneficial to retrain muscles and joints in those
specific contexts, whether it is through OKC or CKC exer-
cises.  

In studies that showed superiority in outcomes with the
use of OKC exercises, Mikkelsen et al7 and Tagesson et al6

began OKC exercises six or more weeks after reconstruc-
tion or injury respectively. The studies that began OKC
exercises at four weeks or earlier following injury or sur-
gery did not demonstrate any superiority in outcomes over
CKC exercises.3,5,10 A study completed by Heijne and
Werner15 found that beginning OKC quadriceps strengthen-
ing exercises at four weeks post ACL reconstruction

produced greater anterior knee laxity as compared to
beginning the same exercises at 12 weeks. Interpretation of
these findings suggest that an optimal time for initiation of
OKC exercises, accounting for both protection of the knee
ligaments and reported positive benefits, is at least six
weeks post reconstruction or injury.

Future Research
These studies reveal favorable results for both open and
closed kinetic chain exercises when utilized during
rehabilitation of knees in ACL deficient or reconstructed
populations.  However, in order to evaluate their effective-
ness and the possible superiority of one approach over the
other, further research needs to be completed. Looking at
all phases of rehabilitation and having a longer follow-up
period would yield more valuable and interesting evidence.
Increasing the number of subjects in future investigations
would increase the generalizability of results due to
increased statistical power. Finally, another suggestion
would be to ensure that the total dosage of exercises is com-
parable between experimental groups, thereby providing
similar total volume of exercise intervention.
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ABSTRACT
Due to complex movements and high physical demands,
dance is often associated with a multitude of impairments
including pain of the low back, pelvis, leg, knee, and foot.
This case report provides an exercise progression, empha-
sizing enhancement of strength and neuromuscular per-
formance using the concept of regional interdependence
in a 17 year old female dancer with patellofemoral pain
syndrome.
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INTRODUCTION
Dance often involves a complex sequence of movements
and high physical demands of strength, stability, and flex-
ibility. Due to intricate choreography and challenging
performance schedules dancers are potentially at risk for
injury. These physical requirements of dance, which
include prolonged bouts of training and explicit physical
control of their body, make physiologic training just as
important as skill development for injury prevention.

The physical demands of dance often result in injury,
which in turn limit a dancer's ability to perform. In a sur-
vey of 324 professional dancers, almost 50% reported
missing between one and twenty-one days of exercise due
to injury each year.1 Koutedakis and Jamuris1 reported
that 90% of injuries in dancers involve the low back,
pelvis, legs, knees, or feet. Prolonged bouts of training
with inadequate rest, unsuitable floors, difficult choreogra-
phy, and insufficient warm-ups are among the factors that
contribute to dance injuries.2 In their paper, Koutedakis
and Jamuris1 reviewed studies on male and female
dancers, which suggested that supplementary exercise
training, beyond that of dance training, can lead to
improvements in muscle balance and strength.

Strength training decreases incidence of dance injuries,
without interfering with the key artistic and aesthetic
requirements of a dancer.1 However, strength training has
generally not been considered a necessary component of
preparation for success in dance.1 This idea is supported
by the view among dancers and choreographers that
strength training may create a physique that is not com-
plimentary to the typical dancer's aesthetic appearance.1

MacDougal et al3 found increases in muscle strength were
not necessarily accompanied by proportional changes in
muscle size.  This finding suggests that strength training is
closely related to neural adaptations which increase mus-
cle strength.3,4 These neural mechanisms responsible for
strength development include alterations in agonist-antag-
onist co-activation, increases in motor unit firing rates
(rate coding), and changes in descending drive to the
motorneurons.3,4

Previous authors have suggested that proximal factors
such as hip and core weakness may contribute to anterior
knee pain.5-7 Additionally, authors have demonstrated that
women exhibit movements associated with knee valgus
and hip internal rotation when compared to men during
specific movements.6,8,9 The ability of women to control
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these motions may depend on the strength of proximal
muscle groups that are antagonistic to these movements.10

Proper hip strength and neuromuscular control, particu-
larly of the gluteus medius and hip external rotators,
enhances knee stability by controlling the pelvis and lim-
iting hip adduction and internal rotation that result in
increased knee valgus during activity.11 In the absence of
sufficient proximal strength or muscular control, the
femur may adduct and internally rotate, exaggerating lat-
eral patellar contact due to the valgus moment.12-14

Repetitive activities with this mal-alignment may eventu-
ally lead to patellofemoral pain.10

Patellofemoral pain syndrome (PFPS), also known as
anterior knee pain, remains a common orthopedic com-
plaint2,6 occurring in approximately 1 in every 4 people.15

Those involved in athletics report an incidence of
patellofemoral pain greater than 25%.10,15 The condition is
more common in women than men and most often
affects younger individuals between the ages of 10 and 35
years.16 Unfortunately, this pain often becomes a chronic
condition that may fail to respond to conservative meas-
ures.17

Symptoms of PFPS typically include the following: pain
while ascending and descending stairs, squatting, or pro-
longed sitting.  Swelling, popping or grinding sensations
may be present, as well as incidences of knee buckling or
giving way.18,19 The spectrum of symptoms varies greatly
among individuals, with complaints ranging from achy
pain after activity to severe pain when rising from a chair
or climbing stairs.16

Many patients with anterior knee pain are eventually
referred to rehabilitation. Although PFPS is one of the
most common clinical conditions treated by orthopedic
and sports physical therapists, a consensus does not exist
regarding how these patients should be managed.16

Differential diagnostic skills must be utilized to rule out a
range of inflammatory conditions, mechanical problems,
and other conditions such as ligamentous injury,
tendinopathy, bursitis, and muscle strain.18-20      Identifying
the origin of the inflammation is important for developing
a treatment plan that will result in prompt resolution of
symptoms.16 Failure to do so may result in suboptimal
care and poor outcomes.16 Some of the various techniques
commonly used to treat PFPS include non-steroidal anti-
inflammatory medication, ice, quadriceps strengthening,
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hamstring and gastrocnemius stretching, patella taping or
bracing, and orthotics.15,20

Vaughn21 highlighted the importance of a regional
examination for a patient with non-specific knee pain,
illustrating the concept of regional interdependence.  With
respect to musculoskeletal problems, regional interde-
pendence refers to the concept that seemingly unrelated
impairments in a remote anatomical region may con-
tribute to, or be associated with, the patient's primary
complaint.22 In some cases, knee pain may be the sole
presenting symptom when a more proximal or distal
structure such as the pelvis, hip, ankle, or foot is at fault.23

In such cases, the pain may be referred from a more prox-
imal structure or be consequential to a remotely located
impairment that produces excessive stress on structures of
the knee, resulting in pain.21

The purpose of this case report is to demonstrate the
importance of strength and neuromuscular training in a
female dancer who presented with PFPS and highlight the
importance of a regional interdependence model of exam-
ination to identify the origin of knee pain.

CASE DESCRIPTION AND HISTORY
The patient was a 17-year-old female high school student
who participated in dance activities up to 18 hours a week.
Pain was initially reported in the anterior/medial aspect
of the left knee in December 2007 with no specific mech-
anism of injury noted. The patient continued, despite
pain in the left knee, to dance on a regular basis. She
attempted to join the school cross-country team in the fall
of 2008 but was unable to participate due to her knee
symptoms.

An orthopedic surgeon evaluated the patient in December
of 2008 with no significant findings related to fracture, dis-
location, or meniscal involvement which is consistent
with the presentation of PFPS. Further diagnostic testing
with X-ray and MRI revealed a bone bruise on the medial
femoral condyle and thinning cartilage. The patient opted
for rest from dance and physical therapy.

INITIAL EXAMINATION
Initial Presentation
The patient was seen on December 31, 2008 for physical
therapy examination with a chief complaint of left knee
pain along the inferior and medial pole of the patella.  The
patient appeared to be a healthy and athletic 17 year old

female. She presented with a slender build, as well as a
low waist-hip ratio of 0.7524,25 that is typically seen in
dancers.  She had no swelling or erythema of her left knee
with visual inspection. The history of her current injury
was insidious onset of approximately one-year duration,
as previously noted.

Functional Status
The patient had stopped dancing 3 weeks prior to
examination, per the orthopedic surgeon's recommenda-
tion. She reported difficulty walking or running for
periods longer than 10 minutes due to pain.  She also
reported that ascending and descending stairs at school
caused an increase in pain, which forced her to take the
elevator some days.  The patient demonstrated unilateral
squat with genu valgus collapse bilaterally with report of
mild retro patellar discomfort.

Systems Review
At evaluation the patient was 5'6" and 125 lbs with a body
mass index of 20.2 which is considered to be at the lower
end of a normal range.26 She reported a history of fainting
due to low blood sugar with no occurrences in the past two
years. Also no previous injuries or surgeries were report-
ed. An integumentary and neuromuscular screen
revealed no gross deficits. Family medical history was
unremarkable.

Tests and Measures
Posture
Standing postural assessment demonstrated the patient's
spine, hips, and knees were within normal limits (WNL)
with exception of increased external rotation bilaterally in
the lower quarter. Supine postural assessment revealing
an increase in femoral anteversion, which lead to com-
pensations in weight-bearing. The patient also presented
with a Q-angle of 8 degrees bilaterally and the patella was
hypo-mobile on the left with medial to lateral glides. In
prone the patient presented with rear foot varus of 5
degrees bilaterally and a neutral forefoot when examined
in subtalar neutral. Gait was assessed with the patient
ambulating in bare feet at a self-selected pace for 30 feet
and rapidly for 30 feet.  No significant findings were found
during gait analysis and the patient had no complaints of
pain.

Range Of Motion
The patient's active range of motion (AROM) for all hip,
knee and ankle, measurements were WNL and symmetri-
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cal bilaterally except for hip internal rotation with right
internal rotation (IR) measured at 29 degrees and left IR
measured at 39 degrees.

Pain
A 10 mm visual analog scale (VAS) was used to elicit an
objective description of the patient's  pain level.26 The
patient reported 8/10 pain during dance class, which was
the activity that most aggravated the symptoms. Pain was
alleviated to 0/10 with sitting or resting. The patient
reported 5/10 pain levels with walking more than 10 min-
utes on even or uneven ground, as well as ascending or
descending 10 steps at school.  Symptoms were localized
to the medial aspect of the knee around the medial joint
line. No tenderness to palpation occurred during examina-
tion.

Muscle Strength
The patient's strength was measured using manual
muscle testing as described by Daniels and
Worthingham.26  (Table 1) Abdominal (rectus abdominus
and obliques) were measured at 4/5 in supine position
with trunk flexion.  The patient was unable to hold a
prone plank greater than five seconds before increasing
her lordotic curve suggesting weakness. All measure-
ments were taken in a pain free manner.

Special Tests & and Muscle Length Assessments
Based on the patient complaints of left knee pain several
special tests were performed to rule out ligamentous and
meniscal involvement.  The patient tested negative bilat-
erally for the following tests: Lachman's and anterior
drawer test for anterior cruciate ligament (ACL) stability,
McMurray's test for medial and lateral meniscus, 90/90
test for hamstring muscle length, Thomas test for iliop-
soas and rectus femoris muscle length, and Ober's test for
iliotibial band length.

Functional Outcome Measurements
At initial examination the patient scored a 49/80 on the
Lower Extremity Functional Scale (LEFS).27,28 She also
scored a 3.7/10 on the Patient-Specific Functional Scale
(PSFS)29 in which the patient identifies specific functional
tasks which are limited and rates them zero to ten with
lower numbers reflecting greater levels of limitation.

ASSESSMENT
The patient's primary impairment was knee pain
secondary to non-traumatic sports related injury. The
physical therapy evaluation revealed an overall decrease
in strength and muscle imbalances. This is particularly
the case for her hip musculature which is needed to per-
form as a dancer. Weakness of the left hip abductor and
external rotator muscles allowed for increased anterome-
dial vector forces and disproportionate stress on the
anterior/medial left knee. Due to pain while dancing, her
orthopedic physician placed the patient on activity limita-
tions and no return to dance until after the first 4 weeks of
treatment. The prescription was to evaluate and treat one
time a week for 6 weeks due to unusually high co-pay and
financial limitations.After the initial examination, the
patient was treated once per week for three weeks, and
then once every other week, for six total sessions.

Plan of Care Design
The rehabilitation program integrated aspects of a
regional interdependence approach with a focus on
improving muscular strength and coordination, correcting
muscle imbalances, and enhancing neuromuscular con-
trol. Physical therapy interventions were initiated with a
home exercise program (HEP) following initial examina-
tion. The patient's initial home program included single
leg exercises for hamstring, gluteus medius and gluteus
maximus muscle strengthening, single leg squats, side
planks with knees flexed, as well as instruction for trans-
verse abdominus muscle contraction with all exercises.
The patient was instructed to perform exercises daily,
completing two sets of ten for each exercise.

Table 1. Reported hip and knee strength measures.
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Assessment
The patient reported pain intensity of 6/10 VAS the week
following the initial examination, with the symptoms
most intense at night after performing exercises and nor-
mal activity at school.  She had not returned to dance but
had returned to teaching 3 children's dance classes which
were 30 minutes in duration within the past week. She
performed her HEP every other day since examination
and described the pain as intense and achy after the exer-
cises.

The treatment focus was on simple strengthening exercis-
es for hip and core muscles necessary for activities of daily

living and progression to return to dance that could be
carried over for home program due to limited visits. The
patient externally rotated her lower extremities, a natural
position for dancers, and demonstrated genu valgus dur-
ing exercises.  She also complained of pain with single leg
exercises. When cued to maintain her foot in a neutral
position with correct lower quarter alignment, the patient
reported decreased knee pain during therapeutic exercis-
es, especially with single leg exercises.

Table 2. Follow up visit 1 exercises performed in clinic.

INTERVENTION
Follow-up Visit 1

Figure 1. Unilateral leg press with elastic tubing.
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Figure 2. Monster walk with
elastic tubing around distal thigh.

Figure 3. Prone push up position with
knee to chest at neutral and lateral and
medial angles with lower extremity move-
ment.

Figure 4. Cable cord bilateral squat
with upper extremity row with elastic
tubing and abduction resistance.
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Assessment
Upon return to treatment a week later the patient had min-
imal to no pain at rest or with activity with most intense
pain measured at a 2/10 on VAS.  She had not increased her
activity but was able to ascend and descend stairs at school.
Upon reassessment for strength the patient demonstrated
better structural alignment of the lower quarter with
demonstration of bilateral squat and unilateral squat and a
decrease in pain during performance of each.  She contin-
ued to demonstrate a genu valgus collapse with unilateral
squat.

Due to a decrease in overall pain intensity with exercise,
the treatment focus was progressed to functional
movements with strengthening to mimic simple dance
maneuvers. Elastic tubing was utilized for hip abductor
muscle resistance during all single leg hip exercises to

decrease severe genu valgus collapse due to lack of
strength of abductor and external rotator muscles. The
patient complained of fatigue and cramping in stabilizing
hip during exercises performed with foot in neutral hip
rotation position.  The patient was able to climb stairs with-
out any pain and had no reports of knee pain during treat-
ment.  The patient was instructed to use elastic tubing dur-
ing HEP for proper recruitment of abductor and external
rotator muscles and their ability to decrease vector forces
on anterior/medial knee during closed chain activities.
She continued HEP performance every other day during
the week between treatments. HEP was expanded to
include diagonal hops and single leg squats with ER of hip
during squat and IR of hip with rising.

Follow-up Visit 2

Table 3. Follow up visit 2 exercises performed in clinic.

Figure 5. Unilateral leg press with circle board. Figure 6. Forward step ups.
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Figure 7. Single leg squat with internal rotation (IR) of hip concentric motion
and eternal rotation (ER) of hip with eccentric motion.

   



Follow-up Visit 3

Assessment
Upon return to therapy a week later the patient reported
having had no pain in her knee all week during ADL's but
that she had not returned to dance class. She did contin-
ue to teach a children's class, which only required very
simple dance moves, all of which were pain free. She no
longer used the elevator at school and could ascend and
descend stairs without pain. 

Due to the patient's report of no pain all week, treatment
exercises were advanced to mimic dance moves with
multiple planes and involvement of upper and lower
extremities in a sport specific preparation for return to
dancing. During treatment the patient demonstrated

improved abduction/ER strength during sagittal plane
activities by demonstrating decreased valgus collapse
with unilateral squatting. The patient continued to lack
proper control in coronal plane activities and movement
with complaints of fatigue in hips. Over the next week
the patient was allowed to return to tap class and jogging
on pavement 1-2 miles a day. These activities were fol-
lowed with return to ballet and contemporary dance
class the following week. She returned to therapy after
two weeks. Her HEP was advanced to include the
complex activities she had performed during in-clinic
treatment.

Table 4. Follow up visit 3 exercises performed in clinic.
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Figure 8. Side planks with knees flexed and single leg
abduction of top leg.

Figure 9. Crabwalk with squat and
elastic tubing around distal thigh.
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Assessment
The patient reported a return to dance class 4 days a week
for about 8 hours a week at 80% of pre-injury levels. She
reported only minimal pain during ballet class with certain
moves that required excessive external rotation. The
patient was able run pain free on a treadmill for 2 miles for
warm-up. For re-examination prior to treatment the patient
performed bilateral jumps and unilateral hops on even and
uneven surfaces to assess power and distance.  She demon-

strated proper form with jumps and no compensations.
Following pre-treatment re-examination the patient had no
complaints of pain or fatigue with treatment exercises.  The
HEP was advanced to focus on unilateral squats, jumps,
and hops in an externally rotated position for return to
sport training. The patient was to increase dance class
hours and intensity and return to therapy in two weeks for
discharge.

Follow-up Visit 4

Table 5. Follow up visit 4 exercises performed in clinic.

Follow-up Visit 5

Table 6. Follow up visit 5 exercises performed in clinic.

Assessment
Upon return to therapy two weeks later the patient
reported being 100% better.  She returned to dance 5 days a
week for 9-10 hrs a week at 100% pre-injury level.  She also
reported jogging 3 miles twice a week on off dance days.
Prior to physical therapy she could only perform one pirou-
ette however now was able to perform three in succession.
After re-examination for discharge the patient ran consecu-

tive 40-yard dashes at maximum speed and performed
repetitive jumping and skipping for 40 yards each. All activ-
ities performed on pavement, with no reports of pain with
either activity.

         



OUTCOMES
At the discharge examination all hip and knee manual mus-
cle tests were graded as 5/5. Overall pain level was a 0/10
on VAS with all activities of daily living, school require-
ments, ascending and descending stairs, as well as with
dancing.  The patient scored a 74/80 on the Lower
Extremity Functional Scale and an 8.7/10 on the PSFS.  The
one exception was a 1/10 pain on VAS, which the patient
described with certain ballet pliés and turnouts that
required maximal external rotation on both extremities.
This limitation did not limit her performance in ballet
class. She reported gradually increasing the amount of time
she spent dancing each week, but was able to perform at
100% of pre-injury level while in class.  She was perform-
ing and teaching dance class 5 days a week for up to 10-12
hours a week at time of discharge.

DISCUSSION
Weakness of the hip abductor and external rotator muscle
may be associated with poor eccentric control of femoral
adduction and internal rotation during weight-bearing
activities.  This lack of control can contribute to malalign-
ment of the patellofemoral joint as the femur medially
rotates under the patella.30,31 To reduce excessive lateral
patellar deviations during weight-bearing activities and
potentially reduce anterior knee pain, physical therapy
intervention was necessary to address hip muscle perform-
ance and control of the LE during activity.32,33 Decreased
hip stability due to muscular weakness, especially that of
the gluteus medius and external rotator muscles, may
affect the patellofemoral joint position in some patients.5

Decreased hip abductor and hip external rotation muscle
strength may allow the pelvis to collapse under the weight
of the body during single-leg stance which is a common
maneuver in dance. When a dancer drops their hip, a val-
gus stress at the knee can occur and that may aggravate a
patellofemoral joint condition.5,17

Robinson and Nee34 demonstrated that females between 12
and 35 years of age, presenting with unilateral PFPS
demonstrate significant impairments in the isometric
strength of their symptomatic limbs for hip abduction,
extension, and external rotation when compared to unin-
jured control subjects.  Additional researchers have shown
that young females with PFPS demonstrate hip abduction
and external rotation muscle weakness when compared to
that of age-matched non-symptomatic females.10 Subjects
with PFPS demonstrated 36% less external rotation muscle

strength and 26% less hip abductor muscle strength than
control subjects.10 Bogla et al35 also showed similar results
for subjects with PFPS, who demonstrated 24% less hip
external rotator muscle strength and 26% less hip abductor
muscle strength than controls.  These studies support the
theory that hip abductor and hip external rotator muscle
weakness may allow excessive hip adduction and hip inter-
nal rotation during activity, thus contributing to
patellofemoral joint stress.10,34,36 More importantly, several
authors have reported favorable outcomes in patients who
participated in a rehabilitation program targeting the hip
musculature for the treatment of anterior knee pain.34, 37, 38

Authors have reported that female athletes land with less
knee flexion, less time to peak knee flexion, greater knee
valgus, greater vertical ground reaction forces, and less
hamstring  activation than male athletes which may lead to
ACL injury.39 Jumping and landing is an integral part of
dance.  Lephart et al,6,11 suggested that the neuromuscular
characteristics of the lower extremity in female athletes
can be improved with a basic exercise program of jumps
and single leg stance exercises which may reduce the risk
for injury.  A reduction in injury rate after a strength-train-
ing program alone was reported in those after ACL injury.6

Elevated neuromuscular control may account for some of
the strength gains.40 Improvements in a muscle's ability to
generate force, appears to be a way for dancers to enhance
their performance.1 The dancer presented in this case
study demonstrated significant functional improvements
as reflected by the LEFS and PSFS scores with a primary
intervention of strengthening.  An awareness of these fac-
tors will assist dancers to improve training techniques and
to employ effective injury prevention strategies.

CONCLUSION
This case report outlines rehabilitation guidelines, a
therapeutic exercise program, functional training interven-
tions, and outcomes utilized with a female dancer with
PFPS.  The patient achieved a successful outcome, return-
ing to full participation of dance training and employment
as a dance instructor. Critical to this case was implement-
ing concepts associated with regional interdependence.
Proximal weakness through the core and hip region of this
female dancer likely contributed to deficits in neuromuscu-
lar control of the lower extremity kinetic chain during
squatting, jumping, and hopping. Clinicians should consid-
er the influence of proximal impairments when examining
and treating a patient with dysfunction of the lower limb.
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ABSTRACT

Background. Although it is common practice to adminis-
ter pre-participation examinations (PPE) of athletes prior
to training, there are no clearly established formats.
Elements integral to the PPE fall within the scope of phys-
ical therapist practice, and are often categorized as a form
of primary prevention for musculoskeletal disorders as
defined in the Guide to Physical Therapist Practice. 

Purpose. The purpose of this study is to describe the
design and implementation of a PPE for a women’s profes-
sional (gridiron) football team.  The results and findings
from this PPE provide one of the first musculoskeletal
profiles and information about selected physical charac-
teristics from members of a female professional football
team. 

Methods. Players from the Kentucky Karma women’s
football team, a member of the National Women’s Football
Association (NWFA), volunteered to participate in a PPE.
Of twenty-five eligible team members, thirteen consented
to participate. The PPE consisted of a health history ques-
tionnaire, a musculoskeletal screening, and a series of
physical performance and agility tests. 

Results. The players’ average (± SD) age, height, weight,
body mass index (BMI), and body fat percentage were 29.6
(± 5.6) yrs., 1.66 (± .05) m, 66.8 (± 12.6) kg, 24.1 (± 3.7),
and 27.4 (± 6.6) %, respectively. Commonly reported
injuries were similar to those reported in men’s collegiate
football.  

Conclusion. This is one of the first papers to report on a
model PPE for a women’s professional football team.
Future research is needed to establish a standard PPE, rec-
ognize common injuries, and develop prevention strate-
gies unique to women’s professional football.

Key words: musculoskeletal screening, female athlete,
performance testing
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INTRODUCTION
The pre-participation examination (PPE), also commonly
referred to  as a pre-season examination or physical, is
often the first and sometimes the only opportunity to
screen the comprehensive health of an athlete before
training begins.1-5 The purposes of the PPE are to: (1) ful-
fill legal and/or insurance requirements, (2) ensure
coaches and/or parents that players start the season with
a baseline level of health and fitness, (3) provide medical
personnel an opportunity to identify treatable conditions
that might interfere with or be worsened by athletic par-
ticipation, and (4) potentially aid in predicting/preventing
future injuries.3,6,7 Team physicians, athletic trainers, phys-
ical therapists, and/or trained volunteers typically con-
duct the PPE.  The PPE includes assessing the general
health and fitness level, identifying biomechanical factors
or pre-existing conditions that may predispose the athlete
to injury, and detecting those athletes who may be at risk
by participating in physical activity.1,5-10 PPEs have been in
use for decades and there is an abundance of literature
which discusses what components should be included,
how those components should be arranged, and who
should conduct the examinations. In 1984, the Sports
Physical Therapy Section (SPTS) of American Physical
Therapy Association (APTA) published Guidelines for Pre-
season Athletic Participation Evaluation (2nd edition) which
outlined recommendations for conducting PPEs.11

Most PPE’s include some form of medical history
questionnaire, a musculoskeletal screening examination,
and functional testing, either general, position or sport-
specific.3,6,11,12 In 2005, one of the most comprehensive
documents on the PPE, Pre-participation Physical
Examination (3rd edition), was developed and published by
several professional societies including the American
Academy of Family Physicians (AAFP), American
Academy of Pediatrics (AAP), American College of Sports
Medicine (ACSM), American Medical Society for Sports
Medicine (AMSSM), American Orthopaedic Society for
Sports Medicine (AOSSM) and the American Osteopathic
Academy of Sports Medicine (AOASM).13 Additionally,
this document was endorsed by the National Athletic
Trainer’s Association (NATA) and the SPTS of the APTA,
and was approved by the Special Olympics Medical
Committee as meeting its standards for athletic participa-
tion.13 A recent clinical commentary by Maffey and
Emery3 provides some rationale and evidence for a phys-
ical therapist delivered PPE to primarily address the mus-

culoskeletal system. The musculoskeletal assessments are
often the most emphasized part of the PPE.  Physical ther-
apists are trained to screen for musculoskeletal deficien-
cies such as joint hyper- or hypo- mobility, limited
strength and flexibility, balance and coordination prob-
lems, and significant biomechanical or postural abnormal-
ities that could be considered as potential risk factors for
injury during athletic competition.  Other aspects of the
PPE often include screening for high blood pressure and
assessing body composition and co-morbidities, such as
diabetes or sex-specific issues such as the elements associ-
ated with the female athlete triad (e.g. abnormal
menstruation, osteoporosis/decreased bone health, disor-
dered eating).  

Since the introduction of Title IX in 1972, participation in
women’s sports has grown exponentially.  Female athletes
now have opportunities to participate in sports at every
level – recreational leagues, club and select teams,
scholastic and intramural teams, and professional leagues.
Professional women’s leagues have been founded in
sports from softball (WPSL-Women’s Professional Softball
League), soccer (WUSA-Women’s United Soccer
Association), golf (LPGA-Ladies Professional Golf
Association), and to more traditionally “male predomi-
nant” sports like basketball (WNBA-Women’s National
Basketball Association) and football (NWFA-National
Women’s Football Association).  The WNBA was started in
1996 and has been one of the most successful and long-
running women’s professional leagues.  Since its incep-
tion, the league has grown to 13 teams, some of which are
still operated under the respective city’s NBA team.  The
WNBA currently does not have a league-mandated pre-
participation examination, but allows each team and its
staff to develop one that best suits their needs (According
to B. Jacobs, strength coach for the WNBA Indiana Fever,
personal communication, May 18, 2009).  It is often diffi-
cult to conduct a true pre-season examination because a
large percentage of the players participate in year-round
international competition.  The teams’ representatives
perform an examination on the players prior to the WNBA
season in order to identify any deficiencies in body
composition, cardiovascular endurance, and limb asym-
metries in balance, range of motion, and strength.   This
“pre-season” information may also be utilized to evaluate
a player’s fitness when returning from an injury.  The
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team-specific PPE has become a vital tool in both monitor-
ing and optimizing each athlete’s performance.

The Kentucky Karma, now a member of the Women’s
Football Alliance, was a member of the NWFA from 2003-
2008.14 The NWFA was formed in 2000 and grew from two
to as many as 40 teams. Teams typically maintained ros-
ters with 25-55 players. In 2006, the NWFA’s 34 teams were
contacted regarding their use of the PPE. None of the con-
tacted teams reported using formal PPE’s. Eight teams
responded they were interested in incorporating a PPE
into their programs, but reported financial constraints and
a lack of qualified personnel to conduct PPEs.   

The purpose of this report is to:  1) describe administra-
tion of a PPE for a professional women’s football (gridiron)
team, the Kentucky Karma, and 2) summarize and report
the findings and results of this PPE.  Currently, there is
limited information reported in the literature about the
physical and performance characteristics of the female
professional football player.

METHODS
Subjects
Subjects were recruited from the official roster of the
Kentucky Karma women’s professional football team.  At
the time of testing, there were 25 players eligible to partic-
ipate in the PPE.  Of these players, 13 (52%) agreed to par-
ticipate in the questionnaire, musculoskeletal screening,
and performance assessment. All players received a
detailed description of the questionnaires and fitness test-
ing protocols prior to the day of testing, and informed con-
sent was obtained from all participants.  The project was
reviewed and approved by the University Institutional
Review Board.

Health History Questionnaire
Prior to the testing, players completed a written question-
naire addressing personal and family medical history,
issues specific to the female athlete such as menstrual and
diet history, and any personal fitness/health goals (Figure
2).  The health questionnaire was modeled after one devel-
oped by the University of Texas Fitness Institute.15 Patient
history forms have been reported to have a sensitivity of
91.6%, while the sensitivity of the actual examination to
be only 50.8% in identifying previous musculoskeletal
injuries.6 Literature suggests the cardiovascular compo-
nent of the PPE is one of the most important from a pre-
vention standpoint.6-8,11-13,15 Recommendations state that

screenings should be completed by a qualified healthcare
practitioner trained to identify specific cardiovascular red
flags, signs, and symptoms.16 The cardiovascular screens
are suggested to be completed at least every two years
with annual blood pressure checks and other updates
when needed.16 A retrospective study by Wingfield et al17

reported the presence of cardiac symptoms in several ath-
letes prior to their sudden deaths during competition.
Players having three or more of the ACSM18 defined
“Coronary Artery Disease Risk Factors,” as addressed in
the questionnaire would have been excluded and referred
to their primary care physician or team physician.  The
team physician reviewed the questionnaire and testing
measures and found them to be safe and comprehensive.
According to ACSM18 guidelines for physician-supervised
exercise testing, all participants were categorized as “low
risk” and physician presence was “not necessary” for test-
ing (Tables 1-3).

Additional questions addressed specific components of
the female athlete triad – osteoporosis, amenorrhea, and
disordered eating – all of which can be preceded by
changes in diet.   A 2007 ACSM position statement
changed the structure of the triad to more of a continuum
on which the athlete can be closer to some components
but not necessarily to others.19 The ACSM also introduced
an additional category of “low energy availability.”  Energy
availability is the difference between the energy intake
and the energy spent – both for daily metabolic functions
and for athletic training and competitions.  Low energy
availability can occur on a daily basis but have no effect
for weeks or months.  The ACSM feels that the triad can
occur in any type of athlete and should be screened for at
the PPE and at subsequent annual screenings.19 The fol-
lowing are recommendations of important information to
obtain in the history specific to female athletes: 1) men-
strual history- age at menarche and breast development,
frequency/duration/regularity of periods, use of oral
contraceptives, and significant events in obstetric history;
2) physical history- age at start of competitive physical
training, frequency/intensity of current training, any
menstrual changes occurring with changes in training
intensity, and injury history specific to lower extremity
stress fractures; 3) dietary history- adequacy of caloric
intake, weight stability, perceived body image, history of
dieting/binging/purging, use of diet pills/laxatives/diuret-
ics, dietary recall, and self-imposed restrictions; 4) family
history- mother’s age at menarche/menopause, osteo-
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porosis, infertility, and thyroid disease; and 5) red flags-
history of stress fractures, previous menstrual dysfunc-
tion, disordered eating, period frequency, and medica-
tion.9,19

Testing Procedures
Musculoskeletal screening
One of the primary goals of PPEs is to prevent injury or
reinjury.1-4,6-8,10,12,13 Given the physical demand and relative
high risk of collision sports such as football, it is essential
that this PPE include a general orthopedic history and
screen.  The musculoskeletal portion of this PPE was mod-
eled after those developed by Smith et al10 and Garrick et
al.6 Strength and range of motion of all major joints were
performed, and any asymmetries or deficiencies were
noted.  Additional orthopedic special tests were performed
to screen for possible shoulder and elbow instability (load
and shift, varus/valgus stress test), hip flexor and ham-
string flexibility (Thomas and 90/90 test), knee and ankle
ligament stability (knee varus/valgus, stress and anteri-
or/posterior drawer tests; ankle anterior drawer and talar
tilt tests, respectively), and general lower extremity mobil-
ity/function (squat and duck walk).  All peripheral testing
procedures were performed bilaterally with any signifi-
cant findings noted and recorded.  The previously men-
tioned joint assessment methods are well known and com-
monly used in musculoskeletal examinations and screen-
ings.20

Fitness and functional testing
Prior to any fitness
testing, cardiovascu-
lar clearance and
subject question-
naires were
reviewed, and signif-
icant findings were
discussed according
to the previously
stated ACSM crite-
ria.18 The fitness
testing consisted of
10 stations address-
ing general vitals,
body composition,

speed, agility, upper extremity power, flexibility, aerobic
capacity, lower extremity power, muscle endurance, and
vertical jump. The functional agility, power, and
endurance tests used in this current report are commonly
employed in fitness assessments of athletes at many dif-
ferent levels of ability. All subjects progressed in a
sequence through the circuit with a licensed physical ther-
apist or physical therapy student supervised by a licensed
physical therapist (Figure 1). 

RESULTS
Thirteen players, ages 23 to 40, were screened on one of
two testing days.  Of these 13, four players were unable to
complete all tests because of an existing injury that pre-
vented safe participation. Average height and weight were
1.64 meters and 66.8 kilograms, respectively, yielding an
average BMI of 25, which is considered borderline over-
weight.18 Body fat was measured using a commercially
available bioelectrical impedance device (Tanita TBF-
300GS, Tanita Corporation of America, Inc.), which has
been reported to have an approximate margin of error of
3%.21,22 Average body fat was 27.4% (“above average” based
on current ACSM guidelines).18

Health History Questionnaire
None of the participants were excluded from testing based
on answers provided on the health history questionnaire
(Figure 2).  All athletes reported participating in regular
(e.g. at least weekly) physical fitness activities in addition
to their football training. Two players answered “yes” to

questions that
warranted fur-
ther investiga-
tion of potential
cardiac risk fac-
tors (Table 4).
Upon further
questioning, it
was determined
these responses
were either
re la ted  to
previous muscu-
l o s k e l e t a l
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problems (e.g. muscle strain/ joint sprain) or asthma for
which they were being managed by a physician (e.g.
inhaler for asthma).

Musculoskeletal and Functional Performance Testing
The following musculoskele-
tal injuries were reported by
the players on the health his-
tory questionnaire at the time
of the screening:  loose body
in knee, patellofemoral pain
syndrome, C5-6 radiculopa-
thy, grade II A-C sprain, medi-
al meniscus tear, ankle sprain
(two subjects), swan-neck
deformity, and torn carpal lig-
aments (Table 5).  Functional
performance testing consisted
of timed sprints (10 and 20
yards), seated 10-lb medicine
ball toss, push-ups and sit-ups,
and a series of hop tests

(Figure 3).  The summary scores (averages) of the agility
and functional testing are reported in Table 6.

DISCUSSION 
The purpose of this study was to describe a pre-participa-

tion physical screening/
examination for members of
a women’s professional foot-
ball team. The study was also
used to summarize the com-
mon injuries reported, identi-
fy any potential risk factors
for future injury and gain a
better understanding of the
physical characteristics and
performance profile of the
female  professional football
player.  Currently, there is
very limited information
available about the physical
and injury characteristics, fit-
ness level, and profile of

Figure 3. An example of the functional and agility testing
component (hop testing).

North American Journal of Sports Physical Therapy  |  Volume 5, Number 1  |  February 2010  | Page 11

           



female professional football athletes.  The Kentucky Karma
and other NWFA teams are independently owned and
operated, and each team is responsible for its own fundrais-
ing, training, and staff.  The Kentucky Karma was a new
team in a relatively new league at the time this screening
was conducted and, like many of the other NWFA teams,
had limited financial and personnel resources.  The devel-
opment and administration of the PPE was the first for the
team, and it is plausible that information obtained from
this report may provide some direction for future PPEs for
other female professional football teams.  One of the
authors (BN), a former NWFA player, was instrumental in
recognizing the need for a PPE as she was familiar with and
understood the demands of women’s professional football
and was able to provide a unique perspective.  

The current PPE consisted of a pre-participation health
questionnaire, a musculoskeletal screening, body composi-
tion/body fat testing, heart rate and blood pressure, and
selected       physical performance/agility tests.  As stated
previously, there is currently very little information avail-
able or reported on about physical profiles, performance
characteristics, or injury patterns of the female athlete
involved in professional sports,     especially women’s foot-
ball.  The importance of identifying pre-existing problems
must be emphasized as prior injuries are often a good pre-
dictor of injury or re-injury and it has been documented
that over 75% of medical and musculoskeletal conditions
can be detected by the history alone.2,13,23,24 Based on NCAA
injury surveillance data (1988-2004) for men’s college foot-

ball, the top injuries for men were knee sprains (ligament
injury, complete or partial), ankle sprains, thigh muscle
strains/contusions, and head injuries (concussion).25 The
most common Kentucky Karma injuries reported (either
by history or during the 2005-06 season) included shoulder
sprain/strain (7 occurrences), ankle sprains (13 occur-
rences), and thigh muscle (hamstring/adductor/quadri-
ceps) strains/contusions (6 occurrences).  Other common
injured regions reported with less frequency included:
hand/wrist, fingers, ribs, and calf muscle strains (gastroc-
nemius/soleus).  Based on the incidence of these specific
injuries, recommendations were made to individual play-
ers and the coaching staff to implement specific prevention
training programs.  As examples, these programs included
shoulder rotator cuff/scapular strengthening, ankle bal-
ance and proprioceptive training, and additional lower
extremity strength and flexibility (e.g. hip flexor) exercises.  

With increasing numbers of female athletes participating in
competitive sports at all levels, there is a need for increas-
ing awareness of sex-specific training, prevention, and
health-related concerns (e.g. female triad: osteoporosis,
amenorrhea/ dysmenorrhea, and disordered eating; stress
fractures; ACL injury prevention).  Although none of the
players were identified as having any significant findings
related to the female triad through self report or review of
past medical history, and several athletes had BMIs that
were significantly higher than is typically seen in the
female triad, this was still considered an important compo-
nent to include in the PPE.19
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While the findings presented here may be useful to sports
medicine practitioners working with female professional
athletes, there are several limitations to the current report.
Inconsistencies while performing multiple examinations
on different athletes by different examiners is a typical
challenge when conducting large group or team screen-
ings.  In an attempt to limit the variability in testing proce-
dures and the interpretation of these results, meetings
were held prior to testing to discuss and establish uniform
procedures to minimize inconsistency.  Additionally, with
only 53% of the players participating in the PPE, the results
may not be a comprehensive or accurate representation of
the team profile. Nearly half the players (48%) were unable
to participate in the recommended but not mandatory test-
ing because of other personal commitments (e.g. family,
work, etc.).  It is possible that variability in results of some
of the testing was directly related to individual differences
between athletes and their positions.  For example, some of
the skilled positions require an emphasis on speed and
agility (e.g. running backs, receivers, special teams), while
others require strength and power (e.g. linemen).
However, many of the players, either by choice or necessi-
ty because of the team’s small roster, played multiple posi-
tions (e.g. defense and offense) so any potential perform-
ance differences based on player position may be impossi-
ble to explain.  Sport-specific and position-specific testing of
female professional athletes would be an interesting area
for future investigation. 

Confidentiality of the results obtained from the PPE is often
an area of concern when dealing with health information.
A few athletes with prior injuries expressed concern about
the possibility that poor results or abnormal findings could
limit their participation.  It was explained to the players
and coaches that this process was meant to be preventative
and educational in its scope and not punitive or exclusion-
ary.  Individual results and normative comparisons (if
available) of tests and performance were provided to each
player, if and when requested.  The results and findings
were discussed with recommendations made for specific
preventive measures such as bracing, exercise programs,
and referrals to appropriate personnel if necessary (e.g.
physical therapist, orthopaedic surgeon, or primary care
physician).  The success of this PPE and the effectiveness
of the suggested individual and team injury prevention
strategies is as yet unknown.  PPEs need to be reviewed
annually to audit, evaluate, and modify the process as
deemed necessary and appropriate by the stakeholders

(e.g. coaches, team physicians, physical therapists, athletic
trainers, and even player representatives/team cap-
tains).10,12,13 Ideally, post-season testing of athletes should
also be an area of future development to direct off-season
training and conditioning programs.      

Given the limitations, the authors believe this report offers
useful information about selected physical attributes and
characteristics of a small group of female professional foot-
ball players.  Furthermore, this report provides a model
PPE or framework that might be used or modified for use
with other women’s professional football teams.  With
increasing numbers of females participating in competitive
athletics, as well as the growth of the NWFA and other
female professional organizations, the need for a female-
specific pre-participation examination or screening is in
demand.  Furthermore, the importance of including funda-
mental and individualized movement assessments (e.g.
FMS-Functional Movement Screen) as a component to the
PPE has recently been emphasized by Cook.26,27 These indi-
vidual functional movement assessments may prove to be
significant and provide more useful and specific direction
for identification of musculoskeletal deficits and preven-
tion of injury than the agility and performance testing tra-
ditionally administered.  The regular use of a well-devel-
oped PPE can provide coaching staff and players useful
information about potential risk factors for injury or team
and individual training deficits.  Additionally, and perhaps
one of the most important components of the PPE is that
this process allows players, coaches, and rehabilitation and
medical staff to establish performance baselines from
which to make sound and clinically evidence-based deci-
sions about prevention strategies and/or when an athlete
might safely return to competition following injury.

CONCLUSION
There is a need for an improved understanding about the
PPE and physical performance of female athletes involved
in professional sports, including women’s professional foot-
ball.  The existing research and literature on the PPE with
the female athlete has been based primarily on informa-
tion from the collegiate or high school player.  Future inves-
tigations are needed to establish more sport specific and,
perhaps even more importantly, position-  specific assess-
ments and screenings related to women’s professional foot-
ball.  Attention and research is needed in order to educate
clinicians, players, coaches, and health care professionals
about the unique characteristics of the female     profession-
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al athlete, including nutritional needs, injury prevention,
training, and conditioning strategies. 
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ABSTRACT

Observed gait abnormalities are often related to a variety
of foot deformities such as the cavus foot, also known as
pes cavus, cavovarus, uncompensated varus, and the high
arched foot.  When gait abnormalities related to cavus foot
deformities produce symptoms or contribute to dysfunc-
tional movement of the lower extremity, foot orthotics are
commonly used to accommodate the deformity and opti-
mize the function of the lower extremity.  In more severe
cases, surgical intervention is common.  Hypomobility of
the many joints of the foot and ankle may be mistaken as
an idiopathic cavus foot deformity.  As for any other limb
segment suspected of musculoskeletal dysfunction, it is
suggested that joint mobility testing and mobilization, if
indicated, be attempted on the foot and ankle joints before
assuming the presence of a bony cavus deformity.  The
purpose of this clinical suggestion is to describe the use of
osteopathic manipulations of the foot and ankle in the
context of an illustrative case of bilateral idiopathic cavus
feet to demonstrate that apparent foot deformities may
actually be joint hypomobility dysfunctions.

Keywords: manipulation, cavus foot, midfoot
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PROBLEM
Foot deformities are often associated with gait abnormali-
ties that may contribute to dysfunction or pathology.  One
such deformity, the high arched or idiopathic cavus foot,
has been associated with peroneal tendonopathy,1 lateral
ankle sprains and instability,2,3 ankle arthritis,4 metatarsal-
gia or fracture,5 and up the kinetic chain to the knee,6 hip,7

and back.8 Characterized by a high medial longitudinal
arch, plantarflexed first ray, claw toes, and callous over the
5th metatarsal base, the cavus foot is considered a varus
foot deformity involving both the rear- and forefoot.5,9,10

The cavus foot ranges in severity from clubfoot to mild
variants referred to as pes cavus or subtle cavus foot, and
can be fixed or flexible.5,9 The fixed or flexible nature of
the deformity is determined by whether the rearfoot joints
are grossly mobile enough to compensate for the varus
deformities to place the foot in a plantigrade position.10,11,12

Fixed varus deformities, isolated or both rear- and forefoot
combined, are also referred to as uncompensated, while
the flexible type are referred to as compensated.  

Cavus foot deformities may lead to gait abnormalities that
generate local or more proximal leg symptoms and dys-
function, and may require treatment.13,14 Limited evi-
dence supports the use of orthotics in cases of idiopathic
cavus feet.13,15,16 For many cases of idiopathic cavus foot,
non-operative care including stretching, shoe modifica-
tion, and foot orthotics have been recommended, but
often been found to be inadequate.5,9 When non-operative
care is not successful, a vari-
ety of surgical procedures can
correct the bony cavus defor-
mity.3,4,5,9,17

An idiopathic cavus foot may
exist due to hypomobility of
any combination of the many
joints in the foot and ankle.
Joint manipulation to the
hypomobile foot or ankle
joints, followed by soft tissue
surgery and serial casting as
described by Ponseti and
Smoley,18 has become com-
mon in pediatric cases of idio-
pathic clubfoot. Compared to
manipulation and surgical
arthrodesis, the Ponseti and
Smoley18 approach has

resulted in greater parental satisfaction and ankle range-
of-motion (ROM) outcomes.19 No known reports of joint
manipulation changing the architecture of the idiopathic
uncompensated varus foot in adults exist.  This paper
illustrates several osteopathic manipulations addressing
specific joint hypomobility in the adult idiopathic cavus
foot to demonstrate the importance of mobilizing specific
hypomobile joints before determining that a fixed foot
deformity exists and requires other treatment. 

SOLUTION
Some cases of idiopathic cavus foot may be amenable to
osteopathic manipulation, a term used here to refer to
direct joint mobilization (grade I-V), mobilizations with
movement and indirect mobilization via Strain
Counterstrain. When specific joint mobility assessments
of the foot and ankle joints indicate hypomobility, it is sug-
gested that osteopathic manipulation be attempted.
Clinically, the selection of appropriate techniques will
depend on assessment of the individual.  In this case, 5
techniques were applied: 1) high velocity low amplitude
thrust (HVLAT) talocrural joint separation, 2) Strain
Counterstrain (SCS) for the lateral calcaneus (LCA), 3)
HVLAT of the navicular, 4) mobilizations with movement
(MWM) of the cuboid, and 5) MWM of the first metatarsal
phalangeal (MTP) joint.   

Limited evidence exists to support some of these
techniques, while other tech-
niques have not been report-
ed in the literature.
Talocrural joint separation
with HVLAT has been
described20 and used to
increase ankle dorsiflexion in
cases of equinus21, diabetes22,
plantar fasciitis23, and ankle
sprains (Figure 1).24- 27 Jones28

introduced SCS and described
the application SCS for the
lateral calcaneus, though not
specifically for increasing
rearfoot eversion as in this
case (Figure 2).  A HVLAT
applied to the dorsal navicu-
lar for increased midfoot
pronation has not been
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Figure 1. Talocrural joint separation high velocity low
amplitude thrust (HVLAT) With patient in supine, operator
gently positions the ankle in slight dorsiflexion and grasps
dorsal foot with both hands: thumbs on plantar aspect and
5th fingers over anterior talus.  The operator applies an
axial distraction force with HVLAT.  Tibia can be stabilized
to protect proximal joints.

           



reported in the literature (Figure 3).  Mobilizations with
movement (MWM) were introduced by Mulligan,29 and
ankle MWM have been reported to increase ankle dorsi-
flexion.30,31 Open chain manipulation of the cuboid with
the ankle plantarflexed for ankle sprains has been report-
ed, but closed chain MWM of the cuboid to increase prona-
tion with midfoot plantarflexion has not been described
(Figure 4).32 MWM of the MTP joint to increase dorsiflex-
ion after heel-off during gait (Figure 5) has also not been
reported in the literature. 

USE IN PHYSICAL THERAPY
The subject is a 27-year-old woman who presented with
bilateral idiopathic cavus feet.  Both feet appeared to have
uncompensated rear- and forefoot varus deformities such
that her first rays were atypically not plantarflexed and
she bore no weight on the medial side of her foot in stand-
ing and walking.  The subject’s mother, who reportedly
has similar but less severe cavus feet, reported that the
subject’s feet had always appeared the same since begin-
ning to walk at eight months old.  The subject’s parents
sought medical intervention at two years of age to address
her bow-legged and hyper-lordotic posture.  The physician
assured them, however, that any deformity would correct
as she developed without treatment or orthoses.  Although

the subject always walked on the lateral border of both
feet, she had no other medical issues other than an ankle
sprain from a car accident when nine years old.  She never
limited her activities and as an adult has exercised four to
five times per week.  Over the past five years, however,
the subject reported insidious low back pain and bilateral
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Figure 2. Strain Counterstrain for the lateral calcaneus
tender point (LCA) With patient in side lying and LCA
monitored with the operator’s right 3rd digit (inset), right
hand directs force to the medial posterior calcaneus for 90
seconds while left hand supports anterior talus. 

Figure 3. High velocity low ampli-
tude thrust (HVLAT) applied to the
dorsal navicular With patient in hook
lying, operator grasps medial
metatarsals and pulls into dorsiflexion
while left thumb rests on the supero-
lateral border of the navicular.  The
operator applies a dorsal-plantar
HVLAT with the hypothenar emi-
nence of the right hand through the
thumb to the navicular. 

Figure 4. Mobilization with move-
ment (MWM) of the cuboid.With
patient seated, operators’ thumbs
deliver sustained pressure to the proxi-
mal medial cuboid to pronate the
cuboid in frontal plane, as the patient
plantarflexes at the ankle and midfoot
during a seated heel raise.

Figure 5. Mobilization with move-
ment (MWM) of the 1st metatarsal
phalangeal joint. With patient seated,
operator’s thumb and 2nd proximal
interphalangeal joint deliver sustained
pressure on the distal aspect of the
metatarsal head at an oblique angle to
facilitate plantar glide of the
metatarsal head and metatarsal pha-
langeal dorsiflexion during seated heel
raise.

                  



hip pain ranging in intensity from three to seven on a
scale with ten being the worst pain.  She also reported
bilateral clicking heel pain and overall discomfort in both
feet.  Pain on her left side had progressed in the past year
leading her to consult a physical therapist.  

At the time of consultation, the subject stood on the later-
al borders of both feet with uncompensated cavus feet
apparent.  Her bilateral hip, knee, and ankle ROM were
grossly normal except ankle dorsiflexion at approximately
10 degrees, rearfoot eversion less than neutral, and first
MTP dorsiflexion at approximately 45 degrees.  Mobility
testing of the talocrural, subtalar, midtarsal, and first MTP

joints revealed bilateral hypomobility throughout.  Her
gait was marked by a loud impact upon heel-strikes with
lateral weight bearing throughout the stance phase.
Pronation of the subtalar and midtarsal joints were insuf-
ficient for her feet to achieve medial plantigrade.  

It was agreed upon to attempt to reduce the cavus foot
architecture with osteopathic manipulation, starting with
her right foot.  Mortise separation with HVLAT increased
ankle dorsiflexion by approximately 5 degrees.  Strain
counterstrain for LCA resulted in rearfoot eversion past
neutral, but did not alter the cavus shape of her foot.  The
HVLAT to the navicular resulted in dramatic lowering of
her medial foot to plantigrade in standing, though she
exhibited minimal first toe weight bearing during the ter-
minal stance phase of gait.  Closed chain MWM of the
cuboid was used to increase midtarsal joint pronation and
enhance medial weight bearing in both standing and gait.

Closed chain MWM of the first MTP joint to increase dor-
siflexion in terminal stance was applied once medial
weight bearing was achieved.  The net result was normal-
ized standing posture and gait (Figures 6 & 7).  

After the first consultation, a home exercise program was
provided including ankle and hip stretching, active closed
chain ankle and toe dorsiflexion, and unilateral bridging
for hip strength.  Between the first and second consulta-
tion, the subject experienced general leg soreness, period-
ic lateral ankle and medial knee pain after walking sever-
al blocks, increased pressure around the lateral malleolus,
numbness and tingling at the distal lateral lower leg, and

disruption of her balance experienced as a veering limp to
the left and occasional trip on sidewalk cracks.   
The manipulation sequence was repeated on her left foot
at the second consultation, three weeks later, when her
feet did not exhibit signs of cavus deformity (Figure 8),
except for lateral claw toes due to residual soft tissue con-
tracture (Figure 9).  Her back, hip, knee, and heel pain
were completely relieved.  Her gait was normalized, and
she reported quieter, more comfortable bilateral heel
strike two weeks after the second consultation.  However,
occasional loss of balance to her left occurred when walk-
ing fast.  Residual numbness and tingling extended from
the anterior ankle proximally to the lower leg.  In short,
the apparent uncompensated cavus foot deformities were
actually multi-joint hypomobility-related dysfunctions.
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Figure 6. Anterior view after the subject’s 1st con-
sultation. Prior to intervention, the subject stood on
the lateral borders of her feet with uncompensated
cavus apparent.  After osteopathic manipulation as
described in this case study, her right foot achieved
plantigrade.  Note discrepancy in lower leg and foot
alignment after unilateral correction.

Figure 7. Posterior view after the subject’s 1st con-
sultation. Note the marked rearfoot varus alignment
of the uncorrected left foot compared to the corrected
right foot rearfoot alignment.

            



DISCUSSION
The foot and ankle complex includes many joints, all of
which can become hypomobile independently or as a
group.  This case of idiopathic cavus foot corrected with
osteopathic manipulation is presented to provoke the con-
sideration of whether observed foot abnormalities are bony
deformities or dysfunctional joint hypomobility.  As in this
case, some idiopathic cavus foot abnormalities may be cor-
rected with osteopathic manipulation.  The patient/client
should be advised to prepare for potential post-treatment
lower extremity discomfort  as the region adapts to the new
available joint motions.  In cases of bilateral abnormalities,
treatment of both feet on the same day can minimize
asymmetry-related discomfort, although in this case sched-
uling precluded this approach.  Before assuming the pres-
ence of immutable bony deformity that may require
orthoses or surgery, clinicians are suggested to assess the
specific joint mobility of all foot and ankle joints and mobi-
lize if hypomobility is indicated.
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Figure 8. Posterior view after the subject’s 2nd
consultation. Note full weight bearing on the 1st
metatarsal phalangeal joints of both feet after bilat-
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Figure 9. Anterior view of the subject’s feet after
2nd consultation. Note residual lateral claw toes
and lateral foot border hypertrophy (lateral view
inset). 
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ABSTRACT

Background and Purpose. Limited research suggests that
an effect of whole body vibration (WBV) on the central
nervous system (CNS) is suppression. An indirect meas-
ure used to assess CNS level of activation is the Soleus H-
reflex. If true suppression does occur, other factors such as
range of motion may be impacted. The purpose of this
study was to examine the impact of WBV on H-reflex
amplitude and passive ankle dorsiflexion.

Subjects and Methods. Twenty-seven healthy volunteers
between the ages of 21-41 participated. Subjects were ran-
domly assigned to a control group (n=13) or WBV group
(n=14). H-reflex and ankle dorsiflexion measures were
assessed before and after a three minute WBV perturba-
tion (40 µHz, amplitude 2-4 mm). These measurements
were repeated every five minutes up to twenty minutes
following the intervention. 

Results. The H-reflex amplitude showed a significant
decrease (p<.05) between pre-test and initial post-test for
both groups. The H-reflex returned to baseline within five
minutes following the intervention. The dorsiflexion
range of motion showed significant interaction (p<.05).
All changes were less than 5 degrees; therefore, no clear
clinical impact was evident.

Results. The observed decrease in H-reflex amplitude
immediately following WBV agreed with previous
research indicating a lower level of CNS activation.
However, since the control group also showed this change,
WBV does not appear to be a key cause of suppression.
Range of motion was not clinically significant for either
group.

Key Words. Whole body vibration, H-reflex, Soleus mus-
cle
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INTRODUCTION
Enhancing athletic performance, at both the elite and
recreational levels, requires the coordinated efforts of ath-
letes, coaches, scientists, health care professionals, and
exercise specialists. One of the primary trends in the
sports industry today is analyzing the anatomical and
physiological needs of athletes in their respective sports in
order to locate possible methods or tools for sports
performance improvement. Similarly, in a time where
athletes are under great scrutiny, it is imperative to iden-
tify means to augment sport-specific skills without the use
of ergogenic aids. One such aid that has recently been in
the forefront of research is whole body vibration (WBV).
Research regarding tools to enhance athletic performance
is pertinent and crucial for not only for assessing athletes'
current physical capacities or locating deficits in perform-
ance, but also decisions whether to apply interventions in
order to improve the athletes’ performance. Ultimately,
athletes seek interventions that provide the most effective
and efficient improvements that are achieved safely and
noninvasively.

WBV is a neuromuscular training method that has sparked
new research interest as an intervention useful for many
populations in the field of physical therapy. In this form
of training, the entire body is exposed to oscillating
motions through the use of a vibrating platform upon
which exercises can be performed.1 WBV has the potential
to create short term gains in both flexibility and power
that most athletes desire as described in a meta-analysis
by Cardinale and Bosco as well as by Armstrong et al2,3

Research on the effects of WBV has been predominantly
focused on muscle power and strength, body composition,
electromyography, and balance and functional mobility in
all age distributions.4 Results of current research indicate
that WBV acts as a positive feedback mechanism serving
to increase the contractile force of the muscle. Delecluse
et al determined that a 12-week WBV protocol produced
significant strength gains in the knee extensors in addition
to increases in power.5 Results from a study by Bosco et al
demonstrated that an increase in neural activity during
vibration played an important role in muscle perform-
ance, specifically power, gains after WBV on an explosive
power training regimen.6 An understanding of how WBV
may affect performance is important in order to optimal-
ly apply this technique in clinical and athletic practices. To
date, however,there is little research focusing on the
effects of vibration on a single muscle group from a single
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exposure. Results of studies support that there is an
increase in range of motion following exposure to WBV,
but do not describe a hypothesis to explain how this
occurs.1 The decrease in motor neuron pool excitability at
the level of the spinal cord after using WBV is one
possible hypothesis.3 A decrease in motor neuron pool
excitability provides concurrent suppression of the central
nervous system, which may allow for short-term gains in
ROM.

Subsequently, there is an explicit demand for a method by
which to objectify the effects of WBV. The Hoffman Reflex
(H-reflex) is an important electrophysiological measure
that enables better understanding of muscular activation
patterns through assessment of spinal reflexes of key
muscles. Specifically, it is a monosynaptic reflex that is
elicited by stimulating a nerve and is analogous to a spinal
stretch reflex. The H-reflex allows researchers to compare
muscle activity of individuals using latency and amplitude
measurements of the electrical activity associated with a
muscle contraction. In adults, the “H-reflex is an estimate
of alpha motor neuron excitability when presynaptic inhi-
bition and intrinsic excitability of the alpha motor neurons
remain constant. This measurement can be used to assess
the response of the nervous system to various neurologic
conditions, musculoskeletal injuries, application of thera-
peutic modalities, pain, exercise training and performance
of motor tasks (p 268).” 7 Armstrong et al used the H-reflex
as a measure of motor neuron excitability in the soleus
muscle.3 “It is a measure of the efficacy of synaptic
transmission as the stimulus travels in the afferent (1a
sensory) fibers through the motor-neuron pool of the cor-
responding muscle to the efferent (motor) fibers (p 268)”.7

To elicit the H-reflex in the soleus muscle, an electrical
pulse is applied to the tibial nerve in the popliteal fossa. If
the motor neuron excitability is decreased and the muscle
remains relaxed, it is reasonable to assume that range of
motion (ROM), both passive and active, could increase
due to less resistance to stretch. Specifically, the inhibition
of the tibial nerve excitability may allow an increase in the
passive movement of dorsiflexion, which may influence
motor control relative to gait patterns, functional activities
and athletic performance.

Two proposed mechanisms exist that attempt to describe
how WBV may cause muscle adaptation. Researchers
have theorized that one such mechanism is a tonic vibra-
tion reflex, which may be the physiological response that
is mediated by muscle through the utilization of interven-
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tions that use vibration.3,7,8,9 In addition, the tonic vibration
reflex may cause repeated elongation of activated muscles
which in turn elicits Ia afferent activity, leading to reflex-
ive muscle contractions. Another suggested mechanism
describes how an increased load applied to muscles dur-
ing vibration facilitates a neuromuscular response. During
the sinusoidal displacements provided by the WBV
platform high accelerations, up to 15 g delivered at the
equivalent of 147 m/s2 are generated.10 Ultimately, WBV
seems to have a direct impact on both elicitation and con-
sequent suppression of H-reflex activity, making the H-
reflex a sound, objective method for exploration of the
physiological effects of WBV.

While manual stretching is a typical method used to
promote functional gains in muscle and tendon length, it
requires consistent active effort from the individual or an
outside source (i.e., a physical therapist). As noted in the
stressstrain curve (Figure 1) there is a necessary and cru-
cial threshold that must be attained and maintained in
order to achieve permanent deformation and gains in
extensibility of the musculotendinous unit.

In order to achieve success in athletic performance, indi-
viduals may stretch muscle groups regularly, but perhaps
there is a means by which functional gains in ranges of
motion can be promoted and maintained by other inter-
ventions. Suppression of antagonistic muscle activity that
would otherwise be inhibiting passive range of motion
could be such an intervention. “The stretch reflex is a
pathway with one central nervous synapse, relaying infor-
mation about length changes to the alpha motoneuron.
Within this pathway the Ia-afferent nerve fibers have a
predominant effect on large motor units containing pre-
dominantly fast twitch muscle fibres. After demanding
exercise the reflex amplitude is typically decreased (p
82).”11 It would seem that a stretch
reflex, such as the H-reflex, may be
inhibited by exercise, and therefore
the effects of WBV would potential-
ly suffice to fatigue muscle in the
same fashion that other types of
exercise otherwise would.
Rittweger et al found in 2003,
“…vibration frequency below 20Hz
induces muscular relaxation
whereas there are reports that at
frequencies above 50 Hz severe
muscle soreness and even

hematoma may emerge in untrained subjects (p 82).”11

Additionally, mechanical vibration, administered to ten-
dons or muscles, at frequencies between 10-200 Hz can
cause a reflex response or contraction of the muscle
belly.12

Armstrong et al suggested that whole body vibration may
suppress the central nervous system which is observed as
a decreased or inhibited H-reflex.3 The WBV induced inhi-
bition of the monosynaptic reflex pathway of the plan-
tarflexors may provide an increase in range of motion into
dorsiflexion at the ankle joint. Armstrong et al studied the
effects of WBV on 19 subjects implementing a one minute
whole body vibration period followed by measurements of
the H-reflex every 30 seconds up to 30 minutes following
the intervention. All subjects “displayed a significant sup-
pression of the H-reflex during the first minute post-
WBV.”3 Jacobs and Burns demonstrated a significant
increase in range of motion of knee extension between
subjects who had utilized the WBV compared to those who
had used a cycle ergometer.1 Therefore, it is possible that
CNS suppression as reflected by H-reflex amplitude meas-
ured after WBV interventions coincides with concurrent
gains in ROM. The purpose of this study was to examine
the impact of WBV on H-reflex amplitude and passive
ankle dorsiflexion range of motion.

Methodology
Approval was granted from Belmont University’s
Institutional Review Board for the study. Flyers were post-
ed to attract a sample of convenience from the Belmont
University School of Physical Therapy. To be included in
the study a participant had to be a healthy individual over
the age of twenty-one without any of the following: having
participated in strenuous activity in the past four hours,

recent (in the past 5 years) lower
extremity or spinal surgery, pres-
ence of leg, ankle, or foot patholo-
gy, pregnancy, or any other disor-
ders that could potentially affect
sensation or musculoskeletal per-
formance. Prior to data collection,
the purpose and procedures of the
study were explained to the sub-
jects, and each subject signed
aninformed consent form. Each
subject then completed a medical
history form, followed by a nonin-
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vasive lower quarter screen of leg strength, range of
motion, and sensation to ensure each subject’s eligibility
to participate in the study. If the subject met the study eli-
gibility criteria, the dominant leg of the subject was deter-
mined by kicking a gym ball. They were then randomly
assigned to one of two groups, whole body vibration plate
intervention or control.

Each participant was positioned prone over a pillow with
the knee of the dominant leg slightly flexed over a pillow.
The back of the knee and lower leg was cleaned with alco-
hol swabs. The tibial nerve was marked in the popliteal
fossa indicating where the stimulating electrode was to be
placed. A measurement was taken on the medial aspect of
the leg from the marker in the popliteal fossa to the medi-
al malleolus. This distance was divided in half, and a
marker was placed at this location. The recording
electrode was placed at this halfway marker with the ref-
erence electrode placed 2 cm distally. The ground
electrode was placed on the lateral aspect of the calf. Two
alligator clips were used to connect the two adhesive elec-
trodes to the EMG unit. A gel medium was placed on the
tip of the stimulating and dispersive electrodes. The stim-
ulating bar electrode was placed on the marked location in
the popliteal fossa with the dispersive electrode distal and
the reference electrode proximal. The bar electrode was
taped to the skin, the wrapped with a Nylatex band to cre-

ate a constant pressure and prevent movement of the
electrode (Figure 2). Normalization procedures as well as
subject positioning is “crucial during H-Reflex testing
because factors such as eye closure, head position, joint
position and angle, and muscles length affect the H-reflex
amplitude. (p 271)”7 Therefore, participants wore acoustic
noise cancelling headphones to decrease perceived noise
in the room that may otherwise stimulate or excited them,
possibly affecting the elicited H-reflex amplitude and not
allowing measurement of a true baseline H-reflex.7 To
attain the pre-exercise values, all participants had his/her
tibial H-reflex amplitudes measured using the Cadwell®
Wave® EMG unit. The amplitude was increased to stimu-
late a supramaximal M wave. This created a baseline
measurement for the participant. Once a supramaximal
M wave was recorded, the amplitude was decreased to 30
percent of the amplitude used to obtain the appropriate H
reflex wave. The H reflex was elicited at this amplitude 5
times consecutively, and recorded to be averaged for later
data entry.

The participant remained prone with the knee slightly
flexed for measurement of passive dorsiflexion of the
ankle. The foot on the dominant leg was off the edge of
the plinth while 30 pounds of force was applied at the
metatarsal heads through the Lafayette Instrument®
Manual Muscle Test System digital hand dynamometer to
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determine a consistent,
standardized force. A
Baseline® Digital
A b s o l u t e + A x i s ®
Goniometer was used to
measure ankle dorsiflex-
ion simultaneously
(Figure 3).

After the data was collect-
ed, the alligator clips were
removed from the elec-
trodes on the calf, allow-
ing the participant to walk
to the vibration platform.
The participants of both
groups stood on the
Pneumex Vibration
Plate® for the three
minute intervention, in
the standardized position
of feet shoulder-width
apart and knees slightly
flexed, with the vibration
plate turned on (interven-
tion) or off (control).
(Figure 4) The vibration
plate was set to 40 µHz
with amplitude of 2-4 mm
as seen previously in the
Armstrong et al research.3

All participants returned
to the prone position on
the table immediately
following the WBV inter-
vention or sham interven-
tion in order to collect
post-intervention H reflex
and dorsiflexion PROM
measures using the same
methods as pre-interven-
tion data    collection. H
reflex and dorsiflexion
PROM measures were subsequently collected at 5, 10, 15,
and 20 minutes post intervention.

Results
The research study had
thirteen control subjects
and    fourteen whole body
vibration subjects. The
average age of the control
group was 23.92 years, and
the average age of the WBV
group was 25.93 years. The
percentage of females in
the control and WBV
groups, respectively, were
76.92% and 64.29%. All
subjects were right leg
dominant except for one
control group subject. 

Data were analyzed using
two mixed 2-way ANOVA’s,
utilizing SPSS version 16.0.
A pre-determined alpha
level of p<0.05 was
utilized to determine if
statistically significant dif-
ferences existed between
groups or conditions. One
analysis compared the H-
reflex amplitude over time
of the between the control
group and the vibration
group. (Figure 5) There was
no significant interaction
between H-reflex ampli-
tude and group (p=0.876).
There was a significant dif-
ference in H-reflex ampli-
tude over time (p= 0.001)
for all subjects. 

A post hoc analysis using
a paired t-test with a
Bonferroni correction was
necessary (p<0.0033).
The post-test amplitude

was significantly different (p<0.0033) when compared to
pretest and 5, 10, 15 and 20 minute intervals. After the
decreased post-test amplitudes were collected, a trend
became evident across all times with a return to similar
pre-test values. (Figure 6)
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No significant differences in range of motion existed across
the repeated trials (p=0.934) for all subjects. Additionally,
no significant interaction (p= 0.077) between dorsiflexion
range of motion and group was demonstrated. (Figure 7)

Discussion
This investigation has several key findings that need to be
discussed. First, the post-test H-reflex values significantly
decreased from pre-test values, in both groups. This finding
suggests that WBV is not the primary reason for the
decrease in H-reflex amplitude. The researchers theorize
that there was something inherent to the protocol that cre-
ated this suppression in the immediate post-test time.
Plausible factors for the change in H reflex include any-
thing that occurred during the time that the participant
stood up from the table to the time that he/she took to
return to the prone position. These factors include the tran-
sitions between prone and standing, ambulation to and
from the vibration platform, removal of headphones upon
standing, or prolonged static positioning used during the
intervention or sham intervention. Despite the fact that the
H reflex amplitude of both groups decreased in the posttest
time, the results of the WBV group were consistent with
similar studies such as Armstrong et al who demonstrated
“all subjects displayed a significant suppression of the H-
reflex during the first minute post-WBV.”3 Notably, this
study employed a sample size and achieved power values
consistent with previous studies of the same nature.
Unique to the current study was the inclusion of a control
group which provides additional information to the previ-
ous studies that did not have a control group. Therefore, it
is not that the WBV group results are different from results
of similar studies but the implications of the results vary
due to the inclusion of a control group, which was previous-
ly unused.

Another point of interest is that H-reflex amplitudes are
highly variable within the general population.7 H-reflex
amplitudes have been documented to vary due to “varia-
tions in skin resistance, different amounts of subcutaneous
fat and locations of the nerve relative to the stimulus” (p
271).7 Even with a wide range of variability of H-reflex
amplitudes among subjects, the results of the current study
are unable to demonstrate that WBV as an intervention is a
significant source of CNS suppression and increase in
ankle ROM. Other researchers such as Sands et al and
Jacobs and Burns, have found range of motion gains in the
hamstrings and low-back/hamstrings using WBV respec-

tively.1,13 However these researchers used elite athletes who
also performed ballistic stretching on the vibration plate.
They also employed different vibration techniques to the
muscle bellies. Sands et al “did not use the general WBV
platform axial loading strategy; instead, they use an exper-
imental apparatus to apply an oscillatory stimulus oblique
to muscle fibers elongated without the mechanical loading
associated with upright stance, thus without the respective
level of muscle tension” (p 55).1 Therefore, it is inappropri-
ate to directly compare the results of the current study to
their findings as protocols and subjects were drastically dif-
ferent.

In order to look at the relevance of the findings of the cur-
rent study, limitations need to be addressed. Notably, an
initial dorsiflexion range to qualify or exclude the partici-
pants was not specified. Since most participants had PROM
dorsiflexion values near 20 degrees, which is considered
normal according to the AAOS and AMA, it is possible that
there was limited room for improvement of ROM or a ceil-
ing effect for range of motion.14 An anatomical bony block
should have occurred between the talus and the distal tibia
and fibula, which would have prevented additional gains in
ROM. The ankle joint and its surrounding musculature
may not be optimal to examine the effects of WBV on ROM
because of its anatomical design. Research examining WBV
effects on a joint or muscular region may be better studied
in a joint or muscle with a greater ROM or with a different
anatomical design (i.e. the knee and the hamstrings).

Conclusion
Since a decrease in H-reflex occurred in both the control
and WBV groups, new hypotheses need to be generated to
determine the cause of this change. Additional studies
should use participants with limited dorsiflexion ROM in
order to provide a greater window for possible range of
motion improvement. In examining a population with
limited range in dorsiflexion, the researchers should
investigate trends in response to whole body vibration
interventions as based on two factors: 1) the pathology or
cause of the dorsiflexion limitation (e.g., do participants
with limited dorsiflexion secondary to tight heel cords
respond better to WBV interventions than do participants
with limited dorsiflexion secondary to Cerebral Palsy), and
2) how long the source of limited dorsiflexion, be it
pathology or other impairment, has been present in the
participants.Although the WBV parameters used in the cur-
rent study were gleaned from similar previous studies, no
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consistent parameters for this intervention were present in
those previous investigations. A standard WBV protocol for
intervention would allow for more consistency in studies
regarding the efficacy and mechanism of action of this
intervention. In conclusion, the current study does not
support the hypothesis that WBV creates a suppression of
the CNS, as measured by H reflex. Ankle PROM was not
significantly affected by WBV. Further investigation is
needed to identify the cause of the decreased H-reflex that
occurred post WBV in both groups. Finally, additional
research is needed to standardize a WBV intervention pro-
tocol.
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