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not maintain contact with the distance indicator 
while the indicator was in motion (e.g. the indica-
tor was kicked), (4) The distance indicator was used 
to maintain posture (e.g. the athlete supported their 
weight on the movement indicator), or (5) a loss of 
balance occurred during the return to the starting 
position once the distance had been marked. The 
greatest of the three trials for each reach direction 
was used for analysis. Also, the greatest reach dis-
tances for each of the directions were summed to 
yield a composite reach distance, which was normal-
ized to limb length for analysis of the overall perfor-
mance on the test.

Subjects limb length was measured before doing the 
test. They were placed in supine on a table with their 
hips and knees flexed. Subjects then lifted the pelvis and 
returned it passively to the table. The examiner then 
stretched the lower limbs passively into  extension, in 

order to balance the pelvis. The subject’s right leg was 
measured in centimeters, with a tape measure, from 
the bottom edge of the anterior superior iliac spine to 
the distal edge of the medial malleolus. One researcher 
measured the subjects´ limb length and explained the 
test procedures, and the other researcher collected 
data during the test and made sure that all test move-
ments were performed correctly.

Injury Surveillance Protocol
All injury data were recorded on a table by the phys-
iotherapist responsible for the injured player. Sev-
eral details were recorded including: name, injury 
date, the date of recovery, and the body side and 
area. The number of missed days and matches were 
also recorded. A medical assessment was carried out, 
determining the type of injury (contact or non-con-
tact) and whether it was sustained during a match 

Figure 1. Y-Balance test anterior reach. Figure 2. Y-Balance test posterior medial reach
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or a training session, and both of these details were 
recorded. Lastly, it was determined whether there 
was a violation of soccer rules that had occurred 
when the injury was sustained.

For the purposes of this study, an injury was defined 
as an event that caused at least one training day to be 
missed. A missed day was defined as the day follow-
ing the moment the injury was sustained. Missed days 
ended when the subject was discharged from medical 
services (that day exclusive) and was able to return 
to training with the team. According to Ekstrand18 
and Fuller,19 injuries can be divided into minimal (1-3 
missed days), mild (4-7 missed days), moderate (8-28 
missed days) or severe (more than 28 missed days).

Statistical Methods
Means and standard deviations were calculated for 
the baseline characteristics, YBT reach distance, and 

limb length. As reach distance is associated with limb 
length, reach distance was normalized to limb length 
in order to allow for comparison between players. To 
express reach distance as a percentage of limb length, 
the normalized value is calculated by using the for-
mula: reach distance divided by limb length, multi-
plied by 100. Composite reach distance is calculated 
using the formula: the sum of the three reach direc-
tions divided by three times the limb length, multi-
plied by 100. For right/left reach distance difference, 
a cutoff point of 4.0 cm in each direction was selected 
a priori and used to classify a player at increased risk 
for injury based on the results of Olmstead et al.20

Crude odds ratios and 95% confidence intervals 
were calculated for total lower limb injuries, and 
those that were contact and non-contact. This was 
accomplished by comparing the proportion of indi-
viduals at risk of injury (reach distance difference 
between right and left leg in the same direction ≥ 
4cm) without risk of injury (reach distance differ-
ence between right and left leg in the same direction 
<4cm) and comparing the proportion of individuals 
at risk of injury (more days off during the season 
that the average of the sample) without risk of injury 
(less days off than the average of the sample). An 
alpha level of p<.05 was used to determine statisti-
cally significant differences. All data were analyzed 
using R for Windows, Version 2.14. 21

RESULTS
Seventy-four subjects were included, who were on 
average 20.89 ± 5.31 years old. From September 1 
to April 30, a total of 1874 training sessions were 
missed, with a mean of 25.32 (± 36.7) missed days 
per player. Of the total of subjects, 34 (45.95%) were 
from one of the two professional teams (age, 25.38 
± 4.76) and 40 (54.05%) were from amateur teams 
(age, 17.07 ± 1.07). Total missed training sessions 
were 880 in professionals and 994 in non-profes-
sional subjects. All participants were from the same 
organization. Baseline characteristics including age, 
number of missed days and mean of missed days 
per players are shown in Table 1. 

The results for YBT test performance at the begin-
ning of the season are displayed in Table 2. These 
are actual distances reached by the subjects, without 
normalization. In anterior direction, the mean reach 

Figure 3. Y-Balance test posterior lateral reach
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for all subjects was 55.74 ± 5.56 cm. Professionals 
reached 57.20 ± 6.02 cm and amateurs 54.5 ± 4.87 
cm. In PM direction, mean reach for all subjects was 
107.38 ± 7.37 cm, and professionals reached 106.91 
± 8.46 cm while amateurs reached 107.77 ± 6.39 
cm. In the PL direction mean reach scores were 
104.70 ± 8.50 cm, professionals reached 104.32 ± 
8.69 cm while amateurs reached 105.01 ± 8.42 cm. 
The composite reach distance was 267 ± 18.52 cm 
for all the subjects; 268.44 ± 20.62 cm in profession-
als and 267.28 ± 16.78 cm in amateurs.

Normalized reach distances (direct reach distance 
divided by limb length and multiplied by 100) results 
are displayed in Table 2. The anterior direction 

mean for all subjects was 62.71 ± 5.14%. Profession-
als reached 61.53 ± 5.59% and amateurs reached 
63.71 ± 4.57%. In PM direction, the sample mean 
was 119.85 ± 8.79%, professionals reaching 116.03 ± 
8.04%, and amateurs, 123.10 ± 8.14%. In PL direc-
tion, the normalized reach for all subjects was 117.17 
± 9.72%, 113.29 ± 8.00% for professionals, and 120.46 
± 9.94% for the amateurs. With regard to compos-
ite normalized reach results, the sample mean was 
99.91 ± 6.87%. In professionals the mean composite, 
normalized reach distance result was 96.95 ± 6.09% 
while in amateurs it was 102.42 ± 6.54%.

Injury risk according to the difference between abso-
lute reach distances is shown in Tables 3, 4, 5, and 6 

Table 1. Baseline characteristics of soccer players during 2011-12.

Table 2. Mean of reach distances of players during 2011-2012 season. Values reported in 
centimeters
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and according to normalized reached distance com-
pared with the total average is presented in Tables 
7, 8, 9 and 10. Regarding the injury risk, results in 
Tables 3, 4, 5 and 6 dichotomize differences between 
limbs as equal, lesser than, or greater than 4cm dif-
ferent in each direction and the number of injury 
risk subjects (high injury risk as previously defined 
as having more missed days than the average). The 
only significant odds ratio (OR) was between PM 
direction and non-contact injuries, with an OR of 
3.86 (95% CI: 1.46 – 10.95). (Table 4) Although not 
statistically significant, the OR of 2.10 (95% CI: 0.74 
– 6.0) was found in the difference between limbs in 

anterior reach distances and injury risk in contact 
injuries. With regard to total injuries, the OR was 
0.50 (CI 95% CI: 0.2 – 1.4), and in non-contact inju-
ries the OR of 0.48 (95% CI: 0.2 – 1.4).

Injury risk according to the normalized reach dis-
tances, are presented in Tables 7, 8, 9 and 10. There 
were no significant OR’s although there were scores 
where some type of relation may have existed. When 
anterior direction scores were examined with injury 
risk in contact injuries in table 7, the OR was 1.89 
(95% CI: 0.72 – 5.13). In Table 8, PM direction was 
examined with injury risk in non-contact  injuries, 

Table 3. Risk as related to anterior direction reach difference between limbs

Table 4. Risk as related to posteromedial direction difference between limbs
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cer players. The results show that athletes with a side-
to-side difference equal to or greater than 4cm in PM 
direction have a 3.86 greater probability of suffering a 
non-contact injury than those who did not. Plisky et 
al13 showed that high school basketball players with 
decreased normalized reach distance in PM direc-
tion were significantly associated with lower extrem-
ity injury (p<.05). In addition, although there were 
no significant differences, there were indications that 
players who have low scores in anterior direction have 
nearly two times the possibility of a contact injury (OR 
1.89) similar to the findings of Plisky et al13. 

The results of the current research did not agree 
with the findings of Plisky et al who suggested that 

and the OR was 2.14 (95% CI: 0.85 – 5.33). In con-
trast, in Table 9, PL direction with total injury risk 
provided an OR of 2.41 (95% CI: 0.96 – 6.26). When 
only with non-contact injuries were considered, 
the OR was 2.18 (95% CI: 0.87 – 5.67). When the 
composite results are normalized, and related to an 
injury risk in total injuries Table 10 shows the OR of 
1.93 (95% CI: 0.77 – 4.96), while when joined with 
injury risk in non-contact injuries only, the OR was 
2.24 (95% CI: 0.89 – 5.86).

DISCUSSION 
The aim of this study was to determinate if YBT could 
be used as a predictor of lower extremity injury in soc-

Table 6. Risk as related to composite reach difference between limbs

Table 5. Risk as related to posterolateral direction difference between limbs
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Gender, competitive level, and type of sport are pur-
ported to affect YBT performance. 

Nevertheless, the current results demonstrated that 
those in the current study who had differences of 
greater than 4 cm in the PM direction had almost a 
four fold greater possibility of suffering a non-contact 
injury in a lower limb. These results  demonstrate 

a difference of greater than 4 cm in ANT direction 
between limbs implied having 2.5 greater possibil-
ity of injury. When comparing results between this 
study and the Plisky et al study, the athletes sport of 
preference differed; and although basketball can be 
compared to football (soccer) in some aspects, there 
are several performance based differences which 
may account for the differences in study outcomes. 

Table 7. Risk injury using normalized anterior reach distance average for 
total sample 

Table 8. Risk injury using normalized posteriomedial reach distance average 
for total sample 
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the OR was 1.93 (95% CI: 0.77 – 4.96) while when 
the composite result was related to injury risk in 
non-contact injuries only, the OR was 2.24 (95% CI: 
0.89 – 5.86), and both were statistically significant. 
The injury risk in those with a composite reach 
distance less than the average of the sample were 
approximately two times more likely to sustain an 
injury. If composite scores lower than the average 
can be considered as having poorer balance, these 

that there is a relationship between non-contact 
injuries and the reaching difference in the PM direc-
tion between lower limbs, which may indicate that 
body balance is essential for performance stability, 
and is important with regard to non-contact injury 
but does not directly relate to contact injury. 

In reference to the composite result of normalized 
directions in Table 10, when related to total  injuries, 

Table 9. Risk injury using normalized posterolateral reach distance average 
for the total sample 

Table 10. Risk injury using normalized composite reach distance average for the 
total sample 
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ABSTRACT
Background:  Foot orthotics are commonly utilized in the treatment of patellofemoral pain (PFP) and have shown 
clinical benefit; however, their mechanism of action remains unclear. Patellofemoral joint stress (PFJS) is thought to 
be one of the main etiological factors associated with PFP.

Hypothesis/Purpose:  The primary purpose of this study was to investigate the effects of a prefabricated foot orthotic 
with 5° of medial rearfoot wedging on the magnitude and the timing of the peak PFJS in a group of healthy female 
recreational athletes. The hypothesis was that there would be significant reduction in the peak patellofemoral joint 
stress and a delay in the timing of this peak in the orthotic condition 

Study Design:  Cross-sectional 

Methods:  Kinematic and kinetic data were collected during running trials in a group of healthy, female recreational 
athletes. The knee angle and moment data in the sagittal plane were incorporated into a previously developed model 
to estimate patellofemoral joint stress. The dependent variables of interest were the peak patellofemoral joint stress 
as well as the percentage of stance at which this peak occurred, as both the magnitude and the timing of the joint 
loading are thought to be important in overuse running injuries. 

Results:  The peak patellofemoral joint stress significantly increased in the orthotic condition by 5.8% (p=.02, 
ES=0.24), which does not support the initial hypothesis. However, the orthotic did significantly delay the timing of 
the peak during the stance phase by 3.8% (p=.002, ES=0.47).

Conclusions:  The finding that the peak patellofemoral joint stress increased in the orthotic condition did not support 
the initial hypothesis. However, the finding that the timing of this peak was delayed to later in the stance phase in the 
orthotic condition did support the initial hypothesis and may be related to the clinical improvements previously 
reported in subjects with PFP. 

Level of Evidence:  Level 4

Keywords:  Biomechanics, knee, patellofemoral pain
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INTRODUCTION
Patellofemoral pain (PFP) is the most common run-
ning-related injury treated within a sports medicine 
setting.1 In fact, it is twice as common as the next 
most frequently reported condition (iliotibial band 
syndrome). Unfortunately, in many cases it can per-
sist and limit sports participation and impair func-
tion years after the initial diagnosis.2,3 It has also been 
proposed to be a risk factor in the development of 
patellofemoral osteoarthritis.4 As a result, developing 
effective treatment options and optimizing current 
management approaches is of great interest to clini-
cians involved in the treatment of PFP.5 This topic 
has particular relevance to the female recreational 
athlete as the incidence of PFP has been reported 
to be two times higher in females in comparison to 
males of similar activity levels,6 although the exact 
reason for this discrepany remains unclear.

PFP is a complex condition, with contributing factors 
proximal, local, and distal to the knee joint.5 Increased 
patellofemoral joint stress (PFJS) is one of the most 
commonly accepted etiological factors in the develop-
ment of PFP.7-10 An increase in PFJS can occur due to 
an increase in the patellofemoral joint reaction force, a 
reduction in the contact area between the patella and 
the femur, or some combination of these two factors.11 

Alterations in the frontal and transverse plane kine-
matics of the hip and knee are thought to impact 
the mechanics of the patellofemoral joint. This may 
lead to a reduction in the patellofemoral contact area 
which may ultimately increase PFJS.8-10,12,13 Cadaver 
studies have confirmed the fact that manipulating 
the position of the tibia and the femur in the frontal 
and transverse planes can have a significant effect 
on the patellofemoral joint contact area.8-10 It has 
also been reported that females with PFP demon-
strate increased hip adduction and internal rotation 
and increased knee external rotation during run-
ning, in comparison to healthy subjects.14-18 

The behavior of the foot has been theoretically 
linked to PFJS as excessive pronation is thought 
to alter the mechanics of the knee and hip in the 
frontal and transverse planes.12,13 As a result of the 
possible link between the mechanics of the foot 
and the etiology of PFP, foot orthotics designed to 
limit excessive pronation via relatively conservative 

degrees of medial rearfoot wedging (4-6°), are often 
used in the management of PFP. Clinically, these 
types of orthotics have been shown to have a posi-
tive effect in regards to pain19,20 and function19 and 
may have similar effects to a multimodal physical 
therapy intervention (i.e. joint mobilization, patellar 
taping, quadriceps strengthening, and patient edu-
cation) in the early management of PFP.21 

While it appears that some patients with PFP may 
benefit from the use of a foot orthotic, there is less 
evidence to support the theoretical basis behind their 
proposed mechanism of action. Several researchers 
have investigated the effects of a foot orthotic on the 
kinematics of the knee and hip during running and 
have reported small and inconsistent effects in the 
frontal and transverse planes.22-27 It has also been 
consistently reported that a foot orthotic signifi-
cantly increases the magnitude of the knee abduc-
tion moment.22,23,28 This does not support their use 
in the management of PFP as increased loading in 
the frontal plane has been found to increase the risk 
of developing PFP in both retrospective and prospec-
tive analyses.29 There appears to be little consensus 
regarding the mechanism of action behind the posi-
tive clinical effects of a foot orthotic in patients with 
PFP, which makes providing clear recommendations 
regarding orthotic design and prescription challeng-
ing. Until a clearer understanding of the mechanism 
of action of a foot orthotic is established, it is unlikely 
that this intervention will reach its peak efficacy. 

While the biomechanical effects of a foot orthotic 
have been traditionally analyzed in the frontal and 
transverse planes, sagittal plane knee dynamics 
may also significantly influence PFJS.30,31 Brechter 
and Powers11 developed a sagittal plane model to 
estimate PFJS with inputs of the knee flexion angle 
and knee extension moment. Using this model, 
they found that subjects with PFP had significantly 
greater peak PFJS in comparison to a healthy con-
trol group during a fast walking condition. The same 
modeling approach has been used to estimate PFJS 
during running.18,32-34 Similar to the results from the 
walking analysis11 it has been reported that subjects 
with PFP demonstrate greater peak PFJS in compar-
ison to healthy control subjects.18 It is possible that 
the clinical benefit of a foot orthotic in runners with 
PFP may be related to the orthotics’ effect on PFJS. 
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Kernozek et al34 recently reported a peak PFJS of 
9.81 MPa in a group of healthy female recreational 
athletes running at a similar speed (3.52 – 3.89 
m/s) to the subjects included in the current study 
when they implemented a similar PFJS modeling 
approach. The peak PFJS reported in this study is 
only slightly higher (within 6%) than the peak PFJS 
reported by Kernozek et al.34 Although the model 
used in the current study cannot be validated, it has 
been used extensively in relation to running injuries 
and the results are comparable to previous reports. 

The effects of the orthotic on the peak PFJRF and the 
PFJCA were analyzed in order to understand which 
variable had the greatest influence on the increase in 
PFJS. The orthotic did not significantly influence the 
PFJCA; in fact there was a trend towards increased 
contact area in the orthotic condition, which would 
effectively reduce the PFJS. However, it is important 

to note that this effect was not statistically significant. 
This was consistent with the finding that the orthotic 
had no effect on the peak knee flexion angle, as the 
PFJCA is a function of the knee flexion angle. Previ-
ous studies have also reported that a foot orthotic with 
a similar degree of wedging does not have a significant 
effect on the peak knee flexion angle.26,27 The subjects 
in this study did demonstrate a statistically significant 
increase in the PFJRF, which was consistent with the 
finding that the orthotic significantly increased the 
peak knee extension moment. Similar effects on the 
peak knee extension moment have also been previ-
ously reported with the application of an orthotic dur-
ing running trials.26 Since the increase in the sagittal 
plane moment and PFJRF occurred without a signifi-
cant effect on the knee flexion angle, it would seem 
the orthotic affected the orientation of the GRF. It is 
possible that the effect of the orthotic is less depen-
dent on the 5° of medial wedging and more depen-
dent on the heel lift it provides (approximately 1 cm). 

Figure 2.  Patellofemoral joint contact area (top) and patello-
femoral joint reaction force (bottom) time series for both the 
baseline and orthotic conditions.

Figure 3.  Knee angle (top) and moment (bottom) time series 
for both the baseline and orthotic conditions.
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ABSTRACT
Background: An inadequate level of flexibility of the adductor muscles is one of the most critical risk fac-
tors for chronic groin pain and strains. However, measurement methods of adductor muscle flexibility are 
not well defined.

Purpose: To determine the inter-session reliability of the biarticular and monoarticular adductor muscle 
flexibility measures obtained from passive hip abduction with the knee flexed over the edge of the plinth 
test (PHA) and the passive hip abduction test at 90º of hip flexion (PHA90º). 

Study design: Clinical Measurement Reliability study.

Methods: Fifty healthy recreational athletes participated in this study. All participants performed the PHA 
and PHA90º on four different occasions, with a two-week interval between testing sessions. Reliability was 
examined through the change in the mean between consecutive pairs of testing sessions (ChM), standard 
error of measurement expressed in absolute values (SEM) and as a percentage of the mean score (%SEM), 
minimal detectable change at 95% confidence interval (MDC95), and intraclass correlation coefficients 
(ICC2,k). 

Results: The findings showed negligible or trivial ChM values for the two adductor flexibility measures 
analyzed (<2º). Furthermore, the SEM and MDC95 were 2.1º and 5.9º and 2.2º and 6.2º for the measures 
obtained from the PHA and PHA90º, respectively, with %SEM scores lower than 5% and ICC scores higher 
than 0.90. 

Conclusion: The findings from this study suggest that the adductor muscle flexibility measures analyzed 
have good to excellent inter-session reliability in recreational athletes. Thus, clinicians can be 95% confi-
dent that an observed change between two measures larger than 5.9º and 6.2º for the flexibility measures 
obtained from the PHA and PHA90º, respectively, would indicate a real change in muscle flexibility.

Level of evidence: 2

Keywords: Groin injury, muscle strain, physical therapy, range of motion, reproducibility 
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INTRODUCTION
Clinicians and sports medicine practitioners rou-
tinely assess and monitor the flexibility of the pri-
mary muscles involved in the hip joint abduction 
movement (biarticular muscles: gracilis; monoar-
ticular muscles: adductor brevis, adductor longus, 
adductor magnus, pectineus and obturador exter-
nus) because it has been postulated that an inade-
quate level of flexibility is one of the most important 
risk factors for chronic groin pain and adductor mus-
cle strains, particularly in athletes.1,2 Specifically, it 
has been suggested that having insufficient flexibil-
ity of the hip adductor muscles (mainly the biarticu-
lar muscles) might result in greater stress across the 
superior pubic ramus and pubic symphysis during 
powerful weight-bearing sporting actions, increasing 
the likelihood of sustaining a chronic groin injury.2 
It has also been suggested that participants in sports 
involving high numbers of repetitive, high intensity 
bouncing, sprinting, or sudden turning and jump-
ing movements (e.g., soccer, ice hockey, rugby) who 
have insufficient flexibility in the hip adductor mus-
cles (both biarticular and monoarticular muscles) 
are more prone to suffer a muscle strain3 because 
the demands in energy absorption generated dur-
ing the above-mention tasks may rapidly exceed the 
capacity of the adductor muscles.4

The passive hip abduction with knee flexed over the 
edge of the plinth test (PHA; Figure 1) and the pas-
sive hip abduction test at 90º of hip flexion (PHA90º; 
Figure 2) are the measurement methods described 
in the most prominent sports medicine textbooks5-7 
to assess the flexibility of the biarticular and monoar-
ticular hip adductor muscles, respectively. However, 
before these two measurement methods can be used 
to identify athletes at an increased risk of injury and 
establish progress from training and/or rehabilita-
tion programs, the validity and reliability of their 
outcomes must be determined.8 Although the PHA 
and PHA90º are indirect measures of the biarticular 
and monoarticular adductor muscle flexibility, these 
two tests have been considered appropriate by the 
most important American medical organizations.9,10

Regarding the reliability of these tests, only three stud-
ies (to the authors’ knowledge) have addressed the 
examination of the inter-session reliability (defined 
as the day-to-day variability in  measurements) of the 

measure obtained from the PHA, showing moderate 
to high scores.11-13 However, two of the three above-
mentioned studies11,13 analyzed the inter-session reli-
ability of the measure obtained from the PHA using 
video captures and computer-based 3D analysis. 
This measurement instrument (3D video analysis) 

Figure 1. Passive hip abduction with knee fl exed over the 
edge of the plinth test.

Starting Position (Figure 1a):  
The subject lies supine on the plinth with the contralateral leg hangs 
off the side of the plinth and the tested leg extended and placed on the 
plinth as shown (1).  
Goniometer placement process:
The tester places one goniometer arm joining both anterior-superior 
iliac spines and the other arm is placed over the anterior face of the 
tested limb following its bisector line, as shown (2). 
Testing movement (Figure 1b):
The assistant tester performs a slow and progressively hip abduction 
movement with knee extended (neutral position “0”), as shown (3). 
Stabilization:
The assistant tester must avoid rotation of the lower limb. The con-
tralateral extremity (non-tested) is fi xed to the plinth by fl exion of the 
knee to approximately 90º as shown (4).  
Measurement:
The tester reads and records the abduction measurement angle 
formed by the two goniometer arms, in this case 16º as shown (5). 
Notes: There are some compensatory movements that must be taken 
into account: Lateral inclination of the contralateral pelvis, the exten-
sion of the contralateral knee, and/or the rotation of the tested limb.
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increases the time required to conduct the test and, 
hence, reduces the external validity of the measure 
because is not possible to assess a patient or athlete 
in mere seconds or minutes. In addition, the video 
analysis software might slightly deform the electronic 
images, prejudicing, and consequently, increasing the 
difficulty of identifying anatomic landmarks. Only 
one study10 used a standard goniometer to determine 
the inter-session reliability of the measure obtained 
from the PHA. The use of a goniometer as the key 
instrument of measure may allow practitioners to 
assess hip adductor muscle flexibility with just one 

trial and produce results directly in degrees, reducing 
both the time demands of the test and its difficulty.14 
Surprisingly, no studies have examined the reliability 
of the PHA90º. The determination of the inter-session 
reliability of the measures obtained from the PHA 
and PHA90º is important for clinicians, coaches, phy-
sicians and scientists, as if determined reliable, they 
can be used to estimate the magnitude of individual 
differences in the response to treatment and moni-
tor the performance or health of their patients and 
athletes.15 Therefore, the purpose of this study was to 
estimate the inter-session reliability of the biarticular 
and monoarticular adductor muscle flexibility mea-
sures obtained from PHA and PHA90º tests in recre-
ational athletes. 

METHODS
A convenience sample of 25 male (age: 22.2 ± 2.5 
years; stature: 175.8 ± 5.6 cm; body mass: 74.1 ± 
6.1 kg) and 25 female (age: 20.9 ± 0.9 years; statute: 
166.5 ± 7.2 cm; body mass: 61.8 ± 7.7 kg) university 
students who were recreationally active (engaging 
in 1.5 h of moderate physical activity 3–4 days per 
week) completed this study. Although all participants 
reported engaging in recreational sports (i.e., football, 
basketball, running), none were involved in a system-
atic and specific strength and flexibility training pro-
gram. Participants were instructed to maintain their 
regular training regimens throughout the experimen-
tal period and not to take part in any vigorous physi-
cal activity 48 h preceding each testing day.

The exclusion criteria were: (1) episodes of groin 
and/or adductor injury over the previous six months, 
(2) missing a testing session, and (3) the presence 
of self-reported delayed onset muscle soreness at 
any testing session. The participants were verbally 
informed about the study’s procedures before test-
ing, and they provided written informed consent. 
The study was approved by the University Office for 
Research Ethics (DPS.FAR.01.2014), and conformed 
to the Declaration of Helsinki.

The test-retest reliability of the biarticular and mono-
articular hip adductor muscle measures obtained 
from the PHA and PHA90º, respectively, was ana-
lyzed using a repeated measures design. Thus, each 
participant underwent the testing procedure twice 
on four different occasions with a two-week interval 

Figure 2. Passive hip abduction test at 90º of hip fl exion.

Starting Position (Figure 2a): 
The subject lying supine on the plinth. The tested hip placed in 90º of 
fl exion with the knee fl exed in a confortable position as shown (1).  
Inclinometer calibration process: 
The inclinometer must be placed in the vertical plane (0 degrees), as 
shown (2).  
Testing movement Figure 2b): 
The tester performs a slow and progressive hip abduction movement 
with the knee fl exed and hip remaining at 90º as shown (3).
Stabilization: 
The assistant tester presses on the anterior surface of the contralateral 
hemipelvis to avoid its rotation. Further, he must hold the external 
surface of the contralateral limb fi rmly on the plinth as shown (4).
Measurement:
The inclinometer´s telescopic arm must be placed over the anterior 
surface of the tested limb following its parallel imaginary bisector 
line. Then, the tester reads and records the angle formed by the lon-
gitudinal axis of the anterior surface of the limb from the vertical 
plane as shown (5), in this case 33º. 
Notes: Because the hip is fl exed, the ischiofemoral, pubofemoral and 
the iliofemoral ligaments are slackened. Thus, any limitation in the 
hip abduction movement is mainly attributed to the monoarticular 
adductor muscles and not the ligaments. If the subject tested has very 
good muscle-tendon fl exibility, then abduction movement could be 
limited by bony contact  of the femoral neck with the acetabular rim.
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between testing sessions. The rationale for using 50 
participants and four testing sessions to determine 
the reliability in our study (instead of the two testing 
sessions that have been typically used in previous 
reliability studies) was based on the simulations run 
by Hopkins,8 who stated that, in order to achieve an 
accurate reliability assessment, a minimum of three 
testing sessions and 50 participants were needed. 

Two physical therapists with greater than 10 years’ 
experience (one conducted the tests and the other 
ensured the maintenance of proper testing posi-
tion of the participants throughout the assessment 
maneuver) conducted each of the four testing ses-
sions at the same time of the day under the same 
environmental conditions. The physical therapists 
were blinded to the purpose of the study and test 
results from previous testing sessions.

A pre-test warm-up routine was not performed in an 
attempt to reflect real sports and clinic conditions. 
Participants were instructed to perform two maxi-
mal trials of the PHA and PHA90º for each limb in a 
randomized order, and the mean score for each test 
was used in the subsequent analysis. The mean of 
the two trials of the PHA and PHA90º performed at 
each testing session was used for subsequent statis-
tical analyses instead of the highest score because 
the magnitude of the error component decreased 
when the scores were averaged.16 Patients who did 
not tolerate the sensation of stretching or with low 
experience with it might set the endpoint of a trial 
of the test before achieving his/her peak hip abduc-
tion range of motion peak score due to a feeling of 
apprehension. To avoid the possible influence of 
this source of error on the stability of the measure, 
when a variation >5% was found in the range of 
motion values between the two trials, an extra trial 
was performed, and the two most closely related tri-
als were used for the subsequent statistical analyses. 
Participants were examined wearing sports clothes 
and without shoes. The participants were allowed to 
rest for 30 s between trials, limbs, and tests.

An ISOMED inclinometer (Portland, Oregon) with a 
telescopic arm was used as the key measure for the 
PHE90º test, while a flexible adjustable long arm goni-
ometer was employed for the PHA test. The inclinom-
eter was consistently leveled to a vertical reference 

before each measurement. A low-back protection 
support (Lumbosant, Murcia, Spain) placed beneath 
the low back of each participant was used to stan-
dardize the lordotic curve (15º) during the both tests. 
Variations in pelvic position and stability may affect 
the final score of several measurements of hip move-
ment range of motion.17 Thus, to accurately measure 
hip joint range of motion, the assessment procedure 
in this study provided reproducible stabilization of 
the pelvis using an assistant clinician during all tests.

The endpoint for each test was determined by one 
or more of these three criteria: (a) the examiner’s 
perception of firm resistance, (b) the palpable onset 
of pelvic rotation, and (c) the participant feeling a 
strong but tolerable stretch, slightly before the occur-
rence of pain.

For a better understanding of the assessment meth-
ods (i.e., instrumental, clinician positioning, final 
point), additional descriptions of the PHA and PHA90º 

tests are displayed in Figures 1 and 2, respectively.

Prior to the statistical analysis, the distributions of 
raw data sets were checked using the Kolmogorov-
Smirnov test, which demonstrated that all data had a 
normal distribution (p > 0.05). Men and women were 
not analyzed separately based on the fact that previ-
ous studies have reported that, in both sexes, the base-
line joint ROM responds in the same way whether 
or not specific and systematic flexibility training is 
performed.18,19 Descriptive statistics were calculated 
for the hip adductor muscle flexibility measurements. 
Paired t-tests were used to test for differences between 
the scores of the dominant and non-dominant limbs.

The test-retest reliability of the hip adductor muscle 
flexibility measures was determined through the 
change in the mean (ChM), standard error of mea-
surement (SEM), the minimal detectable change at a 
95% confidence interval (MDC95) and intraclass cor-
relations (ICC2k).

20 The test-retest reliability for the 
hip adductor muscle flexibility measures was calcu-
lated separately for the consecutive pairs of trials 
(2-1, 3-2, 4-3) to be consistent with the interval time 
between testing sessions (two weeks).8

The ChM was estimated using a spreadsheet 
designed by Hopkins21 via the unequal-variances 
t-statistic computed for changes in scores between 
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paired  sessions. To make inferences about the true 
value of the effect, the uncertainty in the effect 
was expressed as 90% confidence intervals and as 
likelihoods that the true value of the effect repre-
sented substantial change (negative or positive).22 
The probability that the true value of the effect 
was positive or negative was inferred as follows: 
<0.5%, most unlikely; 1–5%, very unlikely; 6–25%, 
unlikely; 26–75%, possibly; 76–95%, likely; 96-99%, 
very likely; >99%, most likely.19 The SEM was cal-
culated using the raw data via the following formula: 
√MSE, where MSE is the error mean square from the 
repeated measures analysis of variance. The MDC95 
was calculated as SEM x √2 x 1.96. The ICC2.k were 
calculated using the following formula:

where MSS is the subject’s mean square, MSE is the 
error mean square, MST is the trials mean square, 
n is the sample size and k is the number of trials. 
Magnitudes of correlations were assessed using the 
following scale of thresholds: <0.80 low, 0.80–0.90 
moderate, and >0.90 high.8

RESULTS
Descriptive statistics (mean ± standard deviation 
for testing session 1) for each variable are displayed 
in Table 1. The paired t-test analysis reported no 
significant differences between the dominant and 
non-dominant legs for both the biarticular (PHA: 
mean difference less than 0.7º; p > 0.05; degrees of 
freedom 49; t-statistic ranged from -1.01 to 0.01) and 
monoarticular (PHA90º: mean difference less than 
1.3º; p > 0.05; degrees of freedom, 49; t-statistic 

ranged from -0.9 to 1.6) hip adductor muscle flex-
ibility measures analyzed in each testing session; 
therefore, the average of the two legs was used for 
subsequent reliability analyses.

Reliability statistics (ChM, SEM, %SEM, MDC95 and 
ICC) for the PHA and PHA90º values are also pre-
sented in Table 1 separately for the three consecu-
tive pairs of testing sessions. The reliability scores 
obtained for each of the consecutive paired testing 
sessions (2-1, 3-2 and 4-3) were almost identical, and 
the mean of the two paired testing sessions for each 
flexibility measure might be used as a reliability cri-
terion of reference.8 

The ChMs between consecutive pairs of testing ses-
sions (2-1, 3-2, 4-3) were “most likely trivial” (p > 
0.05; trivial effect with a probability of >95%, mean 
difference ranged from -0.6 to 1.8º) for both biarticu-
lar and monoarticular hip adductor muscle flexibility 
measures. The SEM and MDC95 for both biarticular 
and monoarticular flexibility measures ranged from 
1.5º to 2.9º and from 4.2º to 8.1º, respectively, with 
%SEM scores lower than 5% and ICC scores higher 
than 0.91.

DISCUSSION
The purpose of this study was to determine the 
inter-session reliability of the biarticular and mono-
articular adductor muscle flexibility measures 
obtained from PHA and PHA90º tests in recreational 
athletes. In this regard, the results of the current 
study showed that the biarticular and monoarticular 
adductor muscle flexibility measures analyzed had 
excellent inter-session reliability scores.

The ChM between consecutive testing sessions was 
negligible or trivial for both the biarticular (ranged 

Table 1. Descriptive values (mean ± standard deviation [SD] for testing session 1) for PHA and PHA90º measure-
ments and test-retest reliability statistics: change in the mean between consecutive testing sessions (ChM), standard 
error of measurement (SEM), minimal detectable change at 95% confi dence interval (MDC95) and intraclass 
 correlation coeffi cients (ICC2,K).

Testing Session 2 - Testing Session 1 Testing Session 3 - Testing Session 2 Testing Session 4 - Testing Session 3

Test

Testing Session 1 

Mean ± SD (º) ChM SEM %SEM MDC95 ICC ChM SEM %SEM MDC95 ICC ChM SEM %SEM MDC95 ICC

PHA 52.5 -0.6 2.9 5.5 8.1 0.92 0.4 1.5 2.9 4.2 0.97 -1.2 1.9 3.7 5.4 0.99 

PHA90º 64.4 1.8 2.7 4.2 7.6 0.99 -0.2 2.2 3.5 6.0 0.99 -0.4 1.8 2.9 5.1 0.99 

PHA: passive hip abduction with knee flexed over the edge of the plinth test; PHA90º: passive hip abduction test at 90º of hip flexion; º: degrees. 



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 981

from -1.2º to 0.4º) and the monoarticular (ranged 
from -0.4º to 2.2º) adductor muscle flexibility mea-
sures. Similar ChM scores were reported by Cejudo 
et al.12 and Fourcher et al.13 for the biarticular adduc-
tor flexibility measure obtained from the PHA test 
in adolescent athletes, futsal and handball players. 
Thus, the findings of the current study, in con-
junction with findings from previously conducted 
research, may support the idea that both testing 
procedures are simple to administer and the instruc-
tions are easy to follow for the patients/athletes 
because no systematic error associated with learn-
ing effects or insufficient recovery time was found. 
In addition, this finding also indicates that, in the 
absence of a systematic flexibility training program, 
the hip adductor muscle flexibility tendency over 
time may be considered stable and linear in unin-
jured athletes. 

Another aspect of reliability that was assessed was 
the precision of measurements, which was deter-
mined using the SEM.20 Admittedly, the clinical 
decision regarding the cut-off precision values of a 
measure is challenging, especially since there are 
no clear guidelines for reference value establish-
ment, and there is the potential need to evaluate 
multiple factors (training status, sex, age) to reach 
a knowledgeable decision. However, it appears to 
be accepted that variability of a measure lower than 
10% could be considered appropriate for clinical 
and research purposes.16,23 Based on this criterion, 
the biarticular and monoarticular adductor muscle 
flexibility measures analyzed in this study showed 
very good precision, since their percentage of vari-
ability (%SEM) ranged from 2.9 to 5.5% and from 2.9 
to 4.2% for PHA and PHA90º, respectively. 

In terms of practical applications, it has been sug-
gested that the MDC95 can be used to indicate the 
limit for the smallest change that indicates a real 
improvement in a single person.20 Therefore, clini-
cians can be 95% confident that an observed change 
between two measures larger than 5.9º and 6.2º for 
the flexibility measures obtained from the PHA and 
PHA90º, respectively, would likely indicate a real 
change in hip adductor muscle flexibility. 

The need of placing the tested hip and knee in 
approximately 90º of flexion during the hip  abduction 

movement for the PHA90º test may have been a priori 
considered a source of error, as it makes the testing 
procedure more difficult than the PHA. However, 
the precision of measure scores in the current study 
were very good and similar to those found for the 
PHA. Perhaps the use of an inclinometer instead of 
a goniometer may have contributed to the good reli-
ability scores reported for the PHA90º. In this sense, 
the elongation of the inclinometer´ telescopic arm  
makes it become a goniometer with only one arm, 
with the advantage of having a gravity level that pro-
vides an accurate measure. In addition, the inclinom-
eter allows the physical therapist who conducts the 
tests to easily identify the same initial position (the 
parallel imaginary bisector line of the tested limb) 
during successive trials without estimating the joint 
movement center.24

Lower precision in measurement results has been 
reported by Fourcher et al.11 for the PHA. Specifically, 
Fourcher et al.13 reported precision of measurement 
expressed through a coefficient of variation (its mag-
nitude is similar to %SEM) of approximately 7.2%.

One possible reason Fourcher et al.13 showed lower 
measurement precision scores for the PHA may 
be attributed to the different testing procedure and 
instrument of measurement used. In contrast with 
our study and also with previous ones,11,12 Fourcher 
et al.13 did not use a low-back protection support to 
fix the pelvis in an attempt to minimize any move-
ment that may bias the final score. In addition, 
Fourcher et al.13 used digital motion analysis soft-
ware to obtain the peak hip abduction angle measure 
instead of a goniometer. The video analysis software 
might have slightly deformed the electronic images, 
prejudicing the identification of anatomic landmark 
procedures and, consequently, reducing the preci-
sion of the measure. A comparison of the precision 
of the results for the PHA90º obtained in the current 
research with other studies is not possible; because 
to the authors’ knowledge, this study is the first that 
has addressed this issue.

Finally, the results of the current study reported high 
relative reliability scores for the PHA (ICC > 0.90). 
Similar ICC scores have been reported by Cejudo et 
al.12 and, slightly lower scores by Fourcher et al.13 
(ICC scores of 0.93 and 0.85, respectively).



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 982

While the results of this study have provided infor-
mation regarding the intra-tester reliability of these 
common musculoskeletal screening tests, limitations 
to the study must be acknowledged. The age distri-
bution of participants was relatively narrow, and the 
generalizability to the broader population could not 
be ascertained. Similarly, whether the tests would 
be as reliable in a population of injured participants 
must be considered, although pre-season screening 
is generally performed in healthy, uninjured popula-
tions. Finally, the use of two clinicians to carry out 
the tests appears to limits the practical application of 
these measurement methods in the sports and clinic 
contexts, especially for the PHA90º. As these measure-
ment methods are simple to administer, the role of the 
assistant clinician (who provides suitable stabilization 
of the pelvis during all the tests) could be carried out 
by any postgraduate student or athletic trainer who 
performed one or two 10-minute training sessions 
(statement based on the authors’ experience).

CONCLUSION
The findings from this study suggest that the adduc-
tor muscle flexibility measures analyzed have good 
inter-session reliability in healthy recreational ath-
letes. Thus, clinicians can be 95% confident that an 
observed change between two measures larger than 
5.9º and 6.2º for the flexibility measures obtained 
from the PHA and PHA90º, respectively, would likely 
indicate a real change in muscle flexibility.
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ABSTRACT
Background: Kinesiology tape has been advocated as a means of improving muscle flexibility, a potential modifiable 
risk factor for injury, over time. The epidemiology and etiology of hamstring injuries in sport have been well 
documented. 

Purpose: To compare the temporal pattern of efficacy of kinesiology tape and traditional stretching techniques on 
hamstring extensibility over a five day period. 

Study Design: Controlled laboratory study. 

Methods: Thirty recreationally active male participants (Mean ± SD: age 20.0 ± 1.55 years; height 179.3 ± 4.94 cm; 
mass 76.9 ± 7.57 kg) completed an active knee extension assessment (of the dominant leg) as a measure of hamstring 
extensibility. Three experimental interventions were applied in randomized order: Kinesiology tape (KT), static 
stretch (SS), proprioceptive neuromuscular facilitation (PNF). Measures were taken at baseline, +1min, +30mins, 
+3days and +5days days after each intervention. The temporal pattern of change in active knee extension was mod-
elled as a range of regression polynomials for each intervention, quantified as the regression coefficient. 

Results: Hamstring ROM with KT application at +3days was significantly greater than baseline (129.18 ± 15.46%, p 
= 0.01), SS (106.99 ± 9.84%, p = 0.03) and PNF (107.42 ± 136.13%, p = 0.03) interventions. The temporal pattern of 
changes in ROM for SS and PNF were best modelled by a negative linear function, although the strength of the correla-
tion was weak in each case. In contrast, the KT data was optimised using a quadratic polynomial function (r2 = 0.60), 
which yielded an optimum time of 2.76 days, eliciting a predicted ROM of 129.6% relative to baseline. 

Conclusion: Each intervention displayed a unique temporal pattern of changes in active knee extension. SS was best 
suited to immediate improvements, and PNF to +30 minutes in hamstring extensibility, whereas kinesiology tape 
offered advantages over a longer duration, peaking at 2.76 days. These findings have implications for the choice of 
intervention, timing and duration to assist clinicians in both a sporting and clinical context. 

Level of evidence: 2c

Keywords: Flexibility, hamstring, kinesiology tape, stretching
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INTRODUCTION
Recent investigations have examined the temporal 
efficacy of kinesiology taping (KT), finding that KT 
offered greater tissue response than PNF and static 
stretching over an acute time frame (30 minutes), 
peaking at 24.2 minutes.1 These findings may assist 
clinicians in determining the optimum application 
time for kinesiology tape to implement a positive tis-
sue response prior to performance. Changes in tis-
sue extensibility might be due to cutaneous receptor 
response, tissue deformation, and/or activation of 
the adhesive properties of the tape. Although man-
ufacturers indicate KT can be worn for a three to 
five day period in order to have the optimum tis-
sue response, there is currently minimal supporting 
empirical evidence.2,3 Several authors have consid-
ered the response to KT application (for up to 7 
days) in pain, range of movement (ROM) and func-
tion in those with musculoskeletal pathologies with 
varying outcomes.4-9

The complex physiological mechanisms underpin-
ning the benefits of KT continue to be debated with 
both mechanical and sensory theories discussed.10 
Suggested mechanical benefits include enhanced 
muscle extensibility, neuromuscular reflex stimula-
tion (autogenic or reciprocal inhibition), stress-strain 
relaxation, and tissue and plastic deformation.5,10-13 
However sensory tolerance and pain gate control 
theory may also influence the extensibility of the 
tissue.10,14

Muscle extensibility is one of many physical compo-
nents that potentially influences injury, resulting in 
variations in muscle flexibility intervention strate-
gies.15-17 However direct comparison of interventions 
between studies is limited with methodological dis-
crepancies in application, procedures, anatomical 
regions, recruitment criteria and sample size appar-
ent.13,18-21 Restricted hamstring flexibility is discussed 
as a potential precursor to injury, as a “modifiable” 
intrinsic risk factor, particularly in maximal speed 
activities due to the eccentric overload of the tis-
sue.16,22-26 Previously, static stretching (SS) was the 
common approach used to address flexibility in tra-
ditional musculoskeletal protocols,15,16,27,28 however 
evidence that demonstrates potential detrimen-
tal effects on strength and power associated with 
SS has resulted in a greater shift towards dynamic 

 stretching and proprioceptive neuromuscular facili-
tation (PNF). 29-33

The temporal efficacy of kinesiology taping on 
muscle extensibility over a three to five day period 
has been afforded little consideration, despite the 
common clinical suggestion for use over this time 
frame. Furthermore, the implications for sport-
ing performance and musculoskeletal pathologies 
remain under researched. Immediate change in 
muscle extensibility post-intervention using KT is 
likely to be through neuromuscular reflex stimula-
tion, stress-strain relaxation or stretch tolerance. 17 
Thus static stretching and PNF would have an acute 
effect on hamstring extensibility, with PNF expected 
to show greater initial gains during and post stretch 
due to the potential for the contraction to impart an 
influence on the neuromuscular reflex response.38 
However, over a prolonged period it could be hypoth-
esised that KT could show an effect as the proper-
ties of the tape are activated over time, influencing 
cutaneous mechanoreceptor stimulation. Since KT 
application for muscle stretch is from the origin to 
insertion while in the lengthened position it could 
be hypothesised that through prolonged stress-strain 
relaxation and viscoelastic deformation, applying a 
constant force over a period of time will assist tis-
sue extensibility over a five-day period. To be able to 
reduce a potential risk factor for injury, the efficacy 
of any technique for hamstring extensibility must 
be studied over longer periods of time in order to 
determine whether the extensibility is maintained 
through training and performance. The aim of the 
present study was to compare the immediate, 30 min-
ute, three- and five-day post-intervention efficacy of 
KT to traditional stretching techniques on hamstring 
extensibility. This may assist practitioners in their 
choice of intervention to maintain muscle extensi-
bility over a key time period. It was hypothesized 
that the temporal pattern of changes in hamstring 
extensibility will be unique to each intervention, 
given their discrete mechanistic influence. 

METHODS
An a priori power analysis was performed for sam-
ple size estimation based on data and effect size was 
derived from a previous study.1 Using an alpha = 
0.05 and power = 0.80, the projected sample size 
was nine for each experimental group. Given the 
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potential for attrition over a five-day testing period, 
a total of 30 male participants completed the study. 
Inclusion criteria required each participant to be 
male, over 18 years, participating in recreational 
sport four times a week, and asymptomatic from 
injury and with no history of previous hamstring 
injury. Exclusion criteria included history of lum-
bar or neurological symptoms, history of muscu-
loskeletal disorders or injuries within the prior 12 
months, medical conditions that may alter muscle 
flexibility and skin allergies or conditions. All par-
ticipants were further screened and excluded if their 
straight leg raise was <70 degrees, potentially indic-
ative of joint or tissue restriction or pathology. The 
30 participants were randomly and evenly selected 
into three groups by intervention. Detailed informa-
tion regarding the nature and purpose of the study 
was provided, and all participants provided written 
informed consent in accordance with the depart-
mental and university ethical procedures and fol-
lowing the principles outlined in the Declaration of 
Helsinki. Ethical approval for the study was granted 
by the departmental research ethics committee.

Data Collection & Analysis 
Consistent with a recent study,1 all participants com-
pleted a standardized five-minute warm up on the 
cycle ergometer.29 Five centimetre (cm) seat belts 
were placed across ASIS and the non-dominant leg 
at 20cm above tibial tuberosity in order to stabilize 
participants during the standardized Active Knee 
Extension (AKE) position34,35. The hip was placed at 
90� and fixed using a seat belt, proximal to the popli-
teal crease (Figure 1a). All belts were marked for re-
measurement, and the dominant leg was measured 
for all participants. Dominant leg was identified as 
the preferred kicking leg. 

The measurement of AKE was taken once the partic-
ipant extended the knee to their point of hamstring 
stretch tolerance (no pain and initial resistance) and 
at that point the calcaneus was supported to allow 
a baseline measurement to be recorded, via a stan-
dard goniometer (Myrin, Patterson Medical, North 
Ryde, Australia) at the tibiofemoral joint.30,36 The 
participant was then placed prone on the plinth with 
a pillow under the ankles to assist in relaxation of 
hamstrings. 

Subsequent to this baseline measure, AKE measure-
ments were completed immediately, 30 minutes, 
three- and five- days post intervention. Participant 
were instructed to continue normal daily activity 
through the duration of the study and requested 
to avoid any specific activity related to hamstring 
flexibility. For intervention in the SS the group, the 
barrier of resistance was found in AKE and a 30 sec 
hamstring stretch applied by the researcher at the 
initial point of resistance, with a 10 sec rest period 
between each stretch. This was repeated three 
times.1,31,37 The PNF group was placed in AKE posi-
tion and the initial stretch barrier held for 10 secs, 
prior to 10 secs PNF hamstring contract-relax resis-
tance of 75% of their perceived maximum to assist 
muscle activation. There was a three second release 
from barrier prior to stretching to new resistance 
barrier for 10 secs, and this process was repeated 
three times.1,38 For KT application the distributors 

Figure 1. (a) The Active Knee Extension testing position and 
(b) kinesiology tape Y-cut application.
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guidelines (RockTape®) were followed, with the area 
prepared and a Y-cut piece of tape applied at 25% 
stretch from ischial tuberosity to head of fibula, and 
to the medial condyle of tibia to hamstring muscle 
insertion points with knee extension (Figure 1b). 
The KT application remained in place for the five-
day duration of the study. For all participants and 
for each intervention, the same therapist performed 
all procedures.

Statistical Analysis
A two factor (intervention x time) repeated measures 
general linear model was used to determine differ-
ences between interventions at the progressive time 
points. Where appropriate, post-hoc pairwise com-
parisons using a Bonferroni correction factor were 
applied. Statistical significance was set at p ≤ 0.05. 
All measures are reported relative to the pre-exer-
cise score, which assigned 100% baseline for each 
participant. Data are presented as mean ± standard 
deviation. 

In describing the temporal pattern of changes in 
ROM, a range of regression polynomials were applied 
to each intervention to determine the optimal model 
to describe temporal efficacy1. The strength of the 
regression was quantified using the r2 value. 

RESULTS
The subject demographics for each intervention 
group are summarised in Table 1.

Table 2 summarises the change in ROM for each 
intervention over the five day period. The only sig-
nificant changes observed in ROM occurred with 
KT application (relative to pre-application baseline 
scores) at 30mins (p = 0.03) and 3 days (p = 0.01). At 
the three-day post intervention measurement the KT 
trial also significantly outperformed the SS (p = 0.03) 
and PNF (p = 0.03) interventions. The SS and PNF 
interventions produced the greatest  improvement in 

performance immediately post-application but these 
changes were not statistically significantly different 
(p ~ 0.10). The temporal pattern of changes in ham-
string extensibility is shown in Figure 2.

Figure 3 shows the temporal distribution in ROM 
plotted against a linear timeline, with the regression 
coefficients summarised in Table 3 for both linear 

Table 1. Subject Demographics (presented as group mean 
± standard deviation).

Table 2. Temporal changes in hamstring extensibility for 
each intervention.

Figure 2. The time history of changes in active knee exten-
sion with each intervention. *denotes signifi cantly greater than 
baseline (p ≤ 0.05).

Figure 3. The optimum correlational function to model the 
time history of changes in active knee extension for each inter-
vention.
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and polynomial (quadratic) functions. The SS and 
PNF interventions were best modelled by a negative 
linear function, although the strength of the corre-
lation was weak in each case. In contrast, the KT 
data produced a positive linear regression, but was 
optimized using a quadratic polynomial function 
(R2 = 0.60). The quadratic equation to describe the 
temporal pattern of change in ROM with KT applica-
tion yields an optimum time of 2.76 days, eliciting a 
129.6% ROM.

DISCUSSION
The current study investigated the efficacy of KT 
on hamstring extensibility over a five-day period 
in comparison with traditional stretching methods. 
There are a few studies (with notable methodologi-
cal variance) whose authors have reported signifi-
cant differences between KT and other treatment 
interventions,4,19,39 although research into the tempo-
ral benefits are limited.

While KT demonstrated a positive linear correla-
tion with time post intervention, both SS and PNF 
presented a negative linear correlation. The find-
ings have implications for the practitioner, since the 
choice of intervention might depend on the poten-
tial for immediate or longer-term utilization for ham-
string extensibility. Similar to previous literature, 
the findings indicate that if immediate and short 
term improvements are required PNF application is 
preferable.1,38 However if improvement in hamstring 
extensibility is required over a longer time period 
then KT offers potential benefits. KT application 
was best modelled as a quadratic function, predict-
ing optimum yield at 2.76 days.

To date the majority of KT studies have considered 
the immediate effects after application, while few 

studies have reviewed over the effects over a pro-
longed application. Those that have considered 
immediate or short term effects are associated with 
a variety of musculoskeletal pathologies including 
shoulder impingement,5,40 whiplash,19 plantar fasci-
itis,41 PFPS,5,39 achilles tendonosis42 and chronic lower 
back pain.6,8,43 Results from these studies should be 
viewed with caution as all have variance in both 
clinical and statistical outcomes. Importantly, those 
studies whose authors’ demonstrated improvements 
suffered from poor methodological quality.11,12,44,45 

Any immediate KT benefits reported have not been 
maintained through the respective follow up periods 
which does not allow for advocating KT in preference 
over other interventions,8 rather, only that KT can be 
used as an alternative or adjunct intervention.39,40 

The proposed physiological mechanisms for the 
beneficial effects of KT are numerous and com-
plex, however the majority of authors suggesting 
three main mechanical theories; neuromuscular 
reflex stimulation (autogenic or reciprocal inhibi-
tion), stress-strain relaxation, and tissue and plastic 
deformation.10-12,46 The current findings suggest the 
proposed mechanical theories are more likely to 
influence the immediate change in muscle exten-
sibility. The tissue response to KT application may 
influence plastic deformation and stress-strain relax-
ation over a longer duration. The greatest initial 
gains attributed to PNF may be due to the co-con-
traction theory through the neuromuscular reflex 
stimulation and subsequent latency to induce tis-
sue relaxation and allow for a new end range to be 
established.10,47-50 Previous researchers determined 
that post PNF intervention, muscle extensibility 
returned to 50% of baseline within one second and 
90% in 10 seconds.51

The current findings suggest that KT was the pref-
erential treatment over the five day duration, sug-
gesting that the effects may be due to stress-strain 
relaxation and viscoelastic deformation.17 The con-
sistently applied stretch force at the end of range 
induced by the KT may reduce the viscoelastic 
energy and promote stress relaxation, so the mus-
cles can experience strain relaxation (creep) result-
ing in a decline in passive resistance over time.17,52 
Furthermore within the current study the larger 
muscle mass associated with hamstrings may induce 

Table 3. Linear and quadratic correlation coeffi cients to 
predict ROM from time post-intervention.
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greater improvements as passive elastic stiffness 
has positive correlation to the strength of muscles 
in comparison to other studies that utilized other 
muscles.53,54 

The findings indicate the optimum post-interven-
tion time was 2.76 days, suggesting a combination 
of initial cutaneous mechanoreceptor stimulation, 
viscoelastic change and stress-strain relaxation may 
assist in deformation over an approximate three day 
time period. However the results showed no statis-
tically significant differences in ROM at day five, 
and a return to resting state by day six based on the 
regression equation, supporting the suggestion that 
viscoelastic deformation is transient and it’s magni-
tude and duration are influenced by duration, inter-
vention and load.10,55,56 

It is important to note that additional mechanisms 
that influence muscle extensibility should be consid-
ered, including pain perception from the central and 
peripheral nervous systems,10 physiological changes 
in sarcomeres, the stimulation of the rearrange-
ment of collagen,58 or psychological influences.47,57 
Minimal literature exists to support alternative 
theories of plastic deformation and other mechani-
cal mechanisms that consider the adaptive change 
within connective tissue. 10,31 Thus, future research 
could examine the tissue response to KT application 
reapplied at day three, recovery days prior to reap-
plication or methods to achieve greater longer term 
effects.

Similar to the recent study reviewing the efficacy 
of KT over 30 minutes to assist hamstring flexibil-
ity, KT can be potentially be utilized for technique 
improvement and performance facilitation.59 How-
ever, it is important to consider that an increase in 
muscle extensibility may be detrimental to power 
and performance, and may actually increase injury 
risk.27,51 Thus, findings of the current study cannot 
be generalized to a wider population that differs in 
age, gender and health of the subjects. 

Understanding the possible mechanisms of influence 
of KT needs further consideration through other 
methods such as electromyography, ultrasound, and 
thermal imaging. The benefits of KT are likely to 
be influenced by a wide range of extrinsic factors 
such as therapist experience, the environment, the 

nature of injury, population, sporting demands, 
and physiological, psychological and biomechanical 
characteristics. Efficacy may also be directly related 
to the execution of the therapist experience, tape 
application and tape techniques chosen.51 Future 
studies should consider longitudinal and post appli-
cation follow up studies, additional muscle groups, 
functional task assessment, and alternative tape 
application methods. 

CONCLUSION
Each intervention displayed a unique temporal pat-
tern of changes in active knee extension. For an 
immediate improvement in hamstring muscle flex-
ibility PNF and SS both out-performed KT, however 
for improvements over a longer duration kinesiology 
tape is advantageous. The optimum timing of kinesi-
ology tape application was 2.76 days, eliciting a 30% 
improvement in hamastring ROM relative to base-
line. These findings suggest that the choice of stretch-
ing intervention be informed by the clinical context. 
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ABSTRACT
Background/Purpose: Low back pain (LBP) is a common source of disability in adults and highly preva-
lent in patients with painful hip pathology. Persistent LBP after hip arthroplasty is associated with lower 
self-reported function, however, the effect of pre-operative LBP in patients undergoing hip arthroscopy for 
FAI has not been evaluated. The purpose of this study was to determine whether improvements in self-
reported hip function following arthroscopic surgery for femoroacetabular impingement (FAI) differed 
between those with and without reports of pre-operative low back pain. 

Study Design: Cohort

Methods: Three hundred eighteen subjects undergoing primary hip arthroscopy for clinically and radio-
graphically-confirmed FAI were recruited and consented. One hundred fifty-six of these subjects com-
pleted the International Hip Outcomes Tool (iHOT-33) and the Hip Outcome Score Activities of Daily 
Living Subscale (HOS-ADL) before, and six and 12 months after surgery. Subjects were grouped based on 
the self-reported presence or absence of LBP prior to arthroscopy. A repeated measures analysis of vari-
ance was used to determine the effects of time and low back pain on iHOT-33 and HOS-ADL scores.

Results: Seventy-five of 156 subjects (48.1%) reported LBP prior to surgery. A main effect of time was 
found for both outcome measures (p<0.001), demonstrating improvement in self-reported outcomes over 
the testing period. There was a main effect of group for the iHOT-33 (LBP: 52.0 [47.9,56.0]; no LBP 57.9 
[53.9,61.8]; p = 0.043) but not for the HOS-ADL (LBP: 75.2 [72.2,78.2]; no LBP 78.8 [75.9,81.7]; p = 0.088) 
indicating that subjects with pre-operative LBP had poorer self-reported function per the iHOT-33 com-
pared to those without LBP. 

Conclusion: Self-reported hip function scores improved regardless of the presence of pre-operative LBP; 
however subjects with LBP reported poorer self-reported function per the iHOT-33 as compared to those 
without LBP up to 12 months post-operatively. 

Level of Evidence: 3c

Key Words: Femoroacetabular impingement, low back pain, outcomes
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INTRODUCTION
Low back pain (LBP) is a common source of disabil-
ity in adults and is present in up to fifty percent of 
patients with painful hip pathology.1,2 LBP is strongly 
associated with the presence of radiographic hip 
osteoarthritis (OA) in patients who report hip pain,3 
and is a significant predictor of higher osteoarthritic 
pain and disability scores within five years of base-
line measures.4 Hip arthroplasty appears to have a 
positive effect on LBP and self-reported function 
post-operatively,5 however, persistent LBP following 
total hip arthroplasty is associated with lower self-
reported hip function and quality of life.2

Femoroacetabular impingement (FAI) is an abnor-
mality in femoral and/or acetabular morphol-
ogy which can cause hip pain in young and active 
adults6,7 and may be a precursor to joint osteoarthri-
tis.8 While groin pain is the main symptomatic com-
plaint of these patients, many have pain in adjacent 
regions.9,10 One in four patients presenting with hip 
FAI report concomitant LBP and have often been 
diagnosed and treated for lower back pain prior to 
obtaining a diagnosis of FAI.9,11 The presence of LBP 
in those individuals with FAI may negatively affect 
post-operative disability and resolution of prior level 
of function, thereby potentially necessitating tar-
geted low back rehabilitation pre-operatively and/
or post-operatively in addition to the management 
of FAI. The purpose of this study was to determine 
whether improvements in self-reported hip func-
tion following arthroscopic surgery for FAI differs 
between those with and without complaints of pre-
operative LBP. The primary hypothesis tested was 
that patients with pre-operative LBP would report 
lower self-reported function both before and up to 
one year after hip arthroscopy. 

METHODS
Three hundred eighteen subjects undergoing hip 
arthroscopy for FAI were recruited from the Hip 
Preservation Division at The Ohio State University 
Wexner Medical Center. [Figure 1] Those subjects 
requiring revision surgery or bilateral hip arthros-
copies were excluded. Subjects had to be at least 15 
years of age, and surgical eligibility was determined 
by the presence of all clinical and radiographic 
guidelines listed in Table 1. Subjects were excluded 
from the study if they did not provide informed 
consent or required other hip surgeries, including 
but not limited to labral repair without osteoplasty/
acetabuloplasty, periacetabular osteotomy, labral 
reconstruction, or gluteus medius repair. The study 
was approved by the Ohio State University Institu-
tional Review Board, and all subjects provided writ-
ten and informed consent.

318 subjects undergoing 
FAI arthroscopy 

156 subjects completed 
HOS-ADL and iHOT-33 

75 subjects with pre-
operative LBP 

81 subjects without pre-
operative LBP 

Figure 1. Subject Recruitment Process
Subjects were recruited from the Hip Preservation Division at 
The Ohio State University Wexner Medical Center. Subjects who 
completed outcome measures at all time points were included 
in the data set and grouped by presence or absence of self-
reported pre-operative LBP.

Table 1. Eligibility criteria for FAI arthroscopy 
Surgical eligibility for FAI arthroscopy was determined by the criteria listed above

1. Clinical presenta�on consistent with FAI which adversely affected pa�ent func�on 

2. Alpha angle >50 degrees for CAM impingement; presence of acetabular retroversion and/or coxa 

profunda for pincer impingement 

3. Failed conserva�ve therapy, minimum of ~4 weeks 

4. Hip pain relieved a�er injec�on with a local anesthe�c 

5. Minimal degenera�ve hip changes (Tonnis grade ≤ 1) 

Subjects mee�ng all listed criteria were considered eligible for FAI arthroscopy 
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One hundred fifty-six of the enrolled 318 subjects 
(Age 31.2 years ± 15.4 ,BMI 24.8 ± 3.8, 39 Males/117 
Females) had complete data sets at the time of the 
data analyses. The International Hip Outcomes Tool 
(iHOT-33)12 and the Hip Outcome Score Activities of 
Daily Living Subscale (HOS-ADL)13 were completed 
before surgery, and at 6 and 12 months after surgery 
to assess self-reported hip function. The iHOT-33 is 
a 33-item patient self-report outcome measure with 
questions regarding symptoms and functional limi-
tations; sports and recreational activities; job-related 
concerns; and social, emotional, and lifestyle con-
cerns. The iHOT-33 is scored from 0-100 with 100 
representing the best quality of life and has a mini-
mal clinically important difference (MCID) of 6.1 
points and a test/re-test reliability interclass correla-
tion coefficient (ICC) of 0.78.12 The HOS-ADL con-
tains 19 items pertaining to basic daily activities and 
is scored as a percentage with 100% representing 
the highest level of physical function. The HOS-ADL 
has a MCID of 9 points and a test/retest reliability 
of 0.98. Subjects also completed a body chart where 
they were asked to indicate the area(s) in which 
they were currently experiencing pain.13 The sub-
jects were then grouped based on the self-reported 
presence or absence of LBP prior to arthroscopy. 

A multivariate repeated measures analysis of variance 
was used to determine the effects of time and LBP 
on iHOT-33 and HOS-ADL scores. (SPSS, Inc. Version 
22, Chicago, IL) Where significant interactions were 

 identified, post-hoc t-tests were used to determine 
where group or time differences existed (p ≤0.05). Main 
effects of time and group were also evaluated and data 
are reported as means and 95% confidence intervals.

RESULTS
Seventy-five of 156 subjects (48.1%) reported LBP 
prior to surgery. Groups did not differ based on age, 
BMI, or sex distribution (p≥0.24). No significant 
group x time interaction was identified for either 
the iHOT-33 (p ≥ 0.41) or the HOS-ADL (p≥0.37). A 
main effect of time was found for both outcome mea-
sures (p<0.001) demonstrating improvement in self-
reported outcomes over the testing period regardless 
of group. There was a main effect of group [Table 2] 
for the iHOT-33 (LBP: 52.0 [47.9,56.0]; no LBP 57.9 
[53.9,61.8]; p=0.04) [Figure 2] indicating that subjects 
with LBP had poorer self-reported function (lower 
iHOT-33 scores) compared to those without LBP; 
there was no statistically significant main effect of 
group for the HOS-ADL (LBP: 75.2 [72.2,78.2]; no LBP 
78.8 [75.9,81.7]; p=0.09) [Figure 3]. 

To further explore whether changes were clinically 
important, the percentage of subjects achieving the 
minimal clinically important difference (MCID) was 
calculated. The MCIDs for the HOS-ADL and iHOT-
33 are 9 and 6.1, respectively.12,13 At six months 
post-operatively, 39.7% of those subjects with 
LBP achieved MCID per the HOS-ADL compared 
to 34.6% of those without LBP. At the six month 

Table 2. Mean scores (with 95% confi dence intervals) for the International Hip Outcome 
Tool (iHOT-33) and the Hip Outcome Score Activities of Daily Living (HOS-ADL)
A main effect of group was found for iHOT-33 indicating those with pre-operative LBP 
had poorer self-reported outcomes than those without LBP

iHOT-33 p-value

LBP 52.0
(47.9, 56.0) 

No LBP 57.9
(53.9, 61.8) 

0.043*

HOS-ADL

LBP 75.2
(72.2, 78.2) 

No LBP 78.8
(75.9, 81.7) 

0.088

LBP= low back pain 
* p <0.05 
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 post-operative assessment, 44.2% of subjects with 
LBP achieved MCID per the iHOT-33 compared to 
41.0% of those without LBP. At one year post-oper-
atively, 39.1% of subjects with LBP achieved MCID 

compared to pre-operative scores per the HOS-ADL 
and 41% of those without LBP achieved MCID. Per 
the iHOT-33, 42.9% of subjects with LBP achieved 
MCID at one year compared to 43.6% without LBP.
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Figure 2. iHOT-33 scores in subjects with and without LBP
iHOT-33 scores in those with LBP (blue) and without LBP (red) at pre-op, 6 months, and 12 months post-op. 95% confi dence intervals 
are shown.
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Figure 3. HOS-ADL scores in subjects with and without LBP
HOS-ADL scores in those with LBP (blue) and without LBP (red) at pre-op, 6 months and 12 months post-op. 95% confi dence intervals 
are shown.
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DISCUSSION
The purpose of this study was to determine whether 
the self-reported recovery of function following 
arthroscopic surgery for FAI differs between those 
with and without complaints of pre-operative LBP. 
All subjects who underwent hip arthroscopy for 
symptomatic FAI demonstrated significant improve-
ment in self-reported hip function, regardless of the 
presence of pre-operative LBP. However, those sub-
jects with pre-operative LBP reported poorer self-
reported function per the iHOT-33 as compared to 
those without LBP both before and up to 12 months 
after hip arthroscopy.

The function of the lumbar spine, pelvis, and hips 
are inextricably linked by their common anatomy, 
which likely explains the high prevalence of LBP in 
patients seeking medical care for hip pain.2,4 Data 
from the current study indicate that while both 
patients with and without LBP have improved self-
reported function after arthroscopic surgery for FAI, 
scores for those with pre-operative LBP are lower 
at 12 months post-op. Corrective surgery appears 
to have a positive effect on pre-operative low back 
pain in patients undergoing THA. Ben-Galim et al.5 
reported improved spinal pain and function at three 
months post-THA and improved hip function corre-
lated with improved spinal function up to two years 
after surgery. Parvizi et al.2 reported that of the 170 
patients with LBP prior to THA, 66% had complete 
resolution of LBP symptoms post-operatively. Addi-
tionally, Parvizi found that patients who did not 
have LBP after THA had higher mean Harris hip 
and SF-36 scores than patients who experienced LBP 
after THA.2 While many patients with hip pain expe-
rience relief of LBP following THA, the best course 
of treatment to address residual LBP and disability 
following hip arthroscopy is still unknown.

In this study, self-reported hip function was sig-
nificantly lower in the subjects with LBP, but this 
relationship was only noted for the iHOT-33 scores. 
While both the iHOT-33 and HOS-ADL are com-
monly used to assess self-reported function in those 
with hip disorders, the HOS-ADL exclusively mea-
sures the patient’s perception of physical function 
during common daily tasks. In contrast, the iHOT-
33 also contains questions regarding the patient’s 
emotional, social, and lifestyle dimensions and was 

developed for physically active individuals.12 The 
HOS-ADL has also been shown to have a ceiling 
effect, especially at 12 months post arthroscopy.14 
The iHOT-33 seemed to better capture self-reported 
disability in the present subject population than the 
HOS-ADL, and may be considered for mid- and long-
term outcome studies in patients with FAI.

Although subjects with LBP reported poorer hip 
function than those without LBP, it is interesting to 
note that the majority of subjects in either group did 
not achieve MCID improvements at six or 12 months 
post-operatively. These data indicate that while 
patients may report improved hip function after sur-
gery, they do not achieve full, unrestricted function 
within the first year. Future research to determine 
which patients would most benefit from surgical 
intervention as well as identifying additional com-
plicating factors may help to improve outcomes in 
this population.

This study has several limitations. The study included 
only the self-reported presence or absence of LBP 
prior to surgery. Severity and location of LBP and/or 
back-related disability were not recorded either pre- or 
post-operatively in this study. The use of a low back-
specific outcome tool such as the Modified Oswestry 
Low Back Questionnaire15 or a Visual Analog Scale at 
each time point may have provided additional insight 
into the relationship between hip function and LBP. 
Additionally, only subjects with full data sets up to 
one year post-arthroscopy were included in the analy-
sis. Excluding subjects who dropped out of the study, 
or did not yet reach the six month or one-year post-
operative time point does limit the generalizability 
of the current findings. Those with poorer outcomes 
may have been more likely to continue follow-up, 
thus explaining the high percentage of those with LBP 
in this study (48.1%) compared to 23% in a previous 
study by Clohisy et al.9 This pote ntially skewed popu-
lation may also explain why neither group achieved 
MCID on outcomes measures at either post-operative 
time point. Another limitation of this study is the lack 
of clinical objective measures to correlate with self-
reported outcome measures. For example, hip range 
of motion measured pre- and post-operatively may 
determine whether range of motion had an effect on 
self-reported function in this population. A hallmark 
of FAI is the loss of internal rotation range of motion 
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of the symptomatic hip,9,10,16 and deficits and/or 
asymmetry in hip internal rotation have shown to be 
associated with LBP.17-20 Those subjects with LBP may 
have had more severe loss of internal rotation mobil-
ity thus negatively affecting their function compared 
to those without LBP. Inclusion of objective physical 
measurements as well as patient-reported outcome 
tools would improve understanding of how hip and 
LBP and disability are related in this population. 

CONCLUSION
Subjects who underwent hip arthroscopy for symp-
tomatic FAI demonstrated improved self-reported 
hip function, regardless of the presence of pre-
operative LBP. Those subjects with pre-operative 
LBP reported poorer self-reported function on the 
IHOT-33 as compared to those without LBP up to 12 
months post-operatively. Future analyses may sup-
port the use of the iHOT-33 in identifying how low 
back pain influences functional outcomes following 
hip arthroscopy.

REFERENCES
1. Jonasson P, Halldin K, Karlsson J, et al. Prevalence 

of joint-related pain in the extremities and spine in 
fi ve groups of top athletes. Knee Surg Sports 
Traumatol Arthrosc. 2011;19:1540-1546.

2. Parvizi J, Pour AE, Hillibrand A, Goldberg G, 
Sharkey PF, Rothman RH. Back pain and total hip 
arthroplasty: a prospective natural history study. 
Clin Orthop Rel Res. 2010;468:1325-1330.

3. Sutlive TG, Lopez HP, Schnitker DE, et al. 
Development of a clinical prediction rule for 
diagnosing hip osteoarthritis in individuals with 
unilateral hip pain. J Orthop Sports Phys Ther. 
2008;38:542-550.

4. Stupar M, Cote P, French MR, Hawker GA. The 
association between low back pain and osteoarthritis 
of the hip and knee: a population-based cohort 
study. J Manipulative Physiol Ther. 2010;33:349-354.

5. Ben-Galim P, Ben-Galim T, Rand N, et al. Hip-spine 
syndrome: the effect of total hip replacement 
surgery on low back pain in severe osteoarthritis of 
the hip. Spine. 2007;32(19):2099-2102.

6. Beaule PE, Le Duff MJ, Zaragoza E. Quality of life 
following femoral head-neck osteochondroplastry for 
femoroacetabular impingement. J Bone Joint Surg 
Am. 2007;89(4):773-9.

7. Wisniewski SJ, Grogg B: Femoroacetabular 
impingement: An overlooked cause of hip pain. Am J 
Phys Med Rehabil. 2006;85:546–9.

8. Agricola R, Heijboer MP, Bierma-Zeinstra SM et al. 
Cam impingement causes osteoarthritis of the hip: a 
nationwide prospective cohort study. Ann Rheum 
Dis. 2013;72:918-923.

9. Clohisy JC, Baca G, Beaule PE, et al. Descriptive 
epidemiology of femoroacetabular impingement: a 
North American cohort of patients undergoing 
surgery. Am J Sports Med 2013;41:1348-1356.

10. Philippon MJ, Maxwell RB, Johnston TL, et al. 
Clinical presentation of femoroacetabular 
impingement. Knee Surg Sports TraumatolArthrosc. 
2007;15(8):1041-7.

11. Burnett RS, Della Rocca GJ, Prather H et al. Clinical 
presentation of patients with tears of the acetabular 
labrum. J Bone Joint Surg. 2006;88:1448-1457.

12. Mohtadi NG, Griffi n DR, Pedersen ME, et al. The 
Development and validation of a self-administered 
quality-of-life outcome measure for young, active 
patients with symptomatic hip disease: the 
International Hip Outcome Tool (iHOT-33). 
Arthroscopy. 2012;28:595-605.

13. Martin RL, Philippon MJ. Evidence of reliability and 
responsiveness for the hip outcome score. 
Arthroscopy. 2008;24:676-682.

14. Kemp JL, Collins NJ, Roos EM et al. Psychometric 
properties of patient-reported outcome measures for 
hip arthroscopic surgery. Am J Sports Med. 
2013;41(9):2065-2073.

15. Fritz JM, Irrgang JJ. A comparison of a modifi ed 
Oswestry Low Back Pain Disability Questionnaire 
and the Quebec Back Pain Disability Scale. Physical 
therapy. 2001;81:776-788.

16. Kelly BT, Bedi A, Robertson CM et al. Alterations in 
internal rotation and alpha angles are associated 
with arthroscopic cam decompression in the hip. Am 
J Sports Med. 2012;40(5):1107-1112.

17. Barbee Ellison J, Rose S, Sarhmann SA. Patterns of 
hip rotation range of motion: a comparison between 
healthy subjects and patients with low back pain. 
Phys Ther. 1990;70(9):537-541.

18. Vad VB, Bhat AL, Basrai D et al. Low Back Pain in 
Professional Golfers. Am J Sports Med. 
2004;32(2):494-497.

19. Vad VB, Gebeh A, Dines D, et al. Hip and shoulder 
internal rotation range of motion defi cits in 
professional tennis players. J Sci Med Sport. 
2003;6:71–75.

20. Van Dillen LR, et al. Hip rotation range of motion in 
people with and without low back pain who 
participate in rotation-related sports. Phys Ther Sport. 
2008;9(2):72-81.



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 998

ABSTRACT
Background: Recent evidence suggests performing a warm-up prior to golf can improve performance and 
reduce injuries. While some characteristics of effective golf warm-ups have been determined, no studies 
have explored the immediate effects of a rotational-specific warm-up with elements of motor control on the 
biomechanical aspects of the full X-Factor and X-Factor Stretch during the golf swing.

Methods: Thirty-six amateur golfers (mean ±SD age: 64 ± 8 years old; 75% male) were randomized into 
a Dynamic Rotation-Specific Warm-up group (n=20), or a Sham Warm-up group (n=16). X-Factor and 
X-Factor Stretch were measured at baseline and immediately following the warm-up. Mixed model ANCO-
VAs were used to determine if a Group*Time interaction existed for each variable with group as the 
between-subjects variable and time as the within-subjects variable.

Results: The mixed model ANCOVAs did not reveal a statistically significant group*time interaction for 
X-Factor or X-Factor Stretch. There was not a significant main effect for time for X-Factor but there was for 
X-Factor Stretch. These results indicate that neither group had a significant effect on improving X-Factor, 
however performing either warm-up increased X-Factor Stretch without significant difference between the 
two. 

Conclusions: The results of this study suggest that performing the Dynamic Rotation-Specific Warm-up 
did not increase X-Factor or X-Factor Stretch when controlled for age compared to the Sham Warm-up. 
Further study is needed to determine the long-term effects of the Dynamic Rotation-Specific Warm-up on 
performance factors of the golf swing while examining across all ages.

Level of Evidence: 2b

Key Words: Golf, motor control, warm-up, X-factor, X-factor stretch 
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