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Figure 3. Photograph of the body weight support system uti-
lized in this case report. The harness is fastened around the
subject’s legs with elastic cords attached to the support frame
which is mounted around the treadmill.

Visits #6-12

These seven visits were scheduled once weekly and
consisted of gradual progression of her overall run-
ning distance using the BWS system. Unloading was
selected according to manufacturer recommendations

to have the support bars placed 12 inches above the
greater trochanter which resulted in 26.2 Ibs of her
body weight supported by the system. She progressed
her running time by 10 minutes each week. This
progression continued until two weeks prior to the
scheduled marathon. Her home running program
was progressed in a similar fashion by completing
two overground running days each week with incre-
mental increases in total running time of five minutes
with each subsequent run (Table 2). Time increases
were selected such that a consistent increase would
occur throughout the subject’s running progression
while staying below any increase in running volume
exceeding 30%.%

OUTCOMES

The primary outcome utilized for this study was her
ability to participate in and complete a scheduled
marathon. At her final follow-up visit, three weeks
after this race, she reported having completed the
full marathon with a time of 4:00:39 where she was
able to run the entire distance other than walking
through a few aid stations.

She noted overall status as 80% at three weeks fol-
lowing the marathon after some increased soreness
and feelings of tightness following the race. She felt
that her symptoms were improving with her home
program and were not limiting her running. Her
FOTO score improved by 29 points compared to an
age predicted physical change score of +7.

Impairment measures of hip range of motion, strength,
and functional movements were all improved at her
final visit (Table 1). Goniometric measures of hip range
of motion are considered to be acceptable measures
to track clinical change and the differences measured

se of treatment

Table 2. Running progression during fina

20 minutes
30 minutes
40 minutes
50 minutes
60 minutes
40 minutes
80 minutes

~No o~ wWwN R

8 60 minutes
BWS=Body weight support

Day 2
25 minutes 50 minutes
35 minutes 60 minutes
45 minutes 70 minutes
55 minutes 80 minutes
65 minutes 90 minutes
40 minutes 100 minutes
90 minutes As tolerated
(without BWS)

60 minutes Race
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exceeded the reported standard error of measure.**
Manual muscle testing has been reported as reli-
able and is a common method employed by physical
therapists to track gross improvement in strength.®
Changes in strength were detected in this case and
accompanied with a noticeable qualitative improve-
ment for abduction and rotation in prone. Although a
categorization scheme was not utilized in this study to
assess change in functional movements, the qualita-
tive and quantitative measures were improved. This
in combination with her reduction in symptoms sug-
gests a change in these motions occurred although
this cannot be stated as the psychometric properties
of these measurements have not been determined.
Lastly, a reassessment of her running gait completed
three weeks after her marathon revealed a cadence
of 176 spm, while the kinematic profile of the lower
extremity was similar to her previous analysis.

DISCUSSION

The etiology of RRIs is multifactorial and requires
sports physical therapists to take a holistic and com-
prehensive approach to subject management to
facilitate examination and evaluation as well as treat-
ment planning. Further, consideration should be
given to any underlying health conditions as well as
primary impairments to make hypotheses regarding
the source of a subject’s symptoms in order to curtail
treatment selection and to allow complete ameliora-
tion of symptoms. Without inference into the under-
lying cause of a subject’s pain, recurrent issues may
develop. Thus, the primary aim of this case report
was to highlight the clinical reasoning process in
establishing a hypothesis of muscular irritation due
to neuromuscular control dysfunction in an expe-
rienced runner. This reasoning process is also inte-
grated within the suggested ICF model of subject
management.

The approach to this case began with utilizing the
ICF model and considering the subject’s primary
activity limitations and participation restrictions.
By determining her primary limitations as occur-
ring with the task of running resulting in reduced
participation with social group runs and possibly
prohibiting her from participating with a scheduled
marathon, mutual goals were established and treat-
ment was curtailed towards improving her ability to
complete these activities.

From determination of her primary limitations,
the subjective history focused on discerning salient
external factors that may have impacted her plan of
care. These included internal and external modifiers
(Figure 1). It was upon consideration of the multiple
reports of previous overuse type injuries in an expe-
rienced runner who reported no obvious training
errors that the hypothesis of neuromuscular control
dysfunction as an underlying impairment affecting
her health condition of muscular pain and irritation
was generated.

This process of hypothesis generation has been
described as forward reasoning.*® With subsequent
questioning, additional components of the subject’s
history were also consistent with muscular irritation
including the insidious onset, the location of symp-
toms, and the posterior leg pain with absent neu-
rological symptoms. To test the hypothesis of these
muscular symptoms being the result of neuromuscu-
lar control dysfunction, examination and evaluation
of impairments of body structure and function were
completed with findings supporting this hypothesis.

Given the subjects continued participation with run-
ning and high level of reported function, examina-
tion began with assessment of functional motion.
She demonstrated gross deficits in multi-segmental
motions in both the sagittal and transverse planes
(limited standing forward flexion and extension and
composite rotation <90 degrees) along with aberrant
motion during functional squats and deficits with
single leg balance. These deficits supported the pri-
mary hypothesis of neuromuscular control dysfunc-
tion. Further, the absence of pain or reproduction of
symptoms with multi-segmental flexion and exten-
sion were findings which would not be expected if
her symptoms were lumbar in nature.

She demonstrated slight deficits in range of motion
from normative values,® but these deficits were
present bilaterally. Further, she had gross flexibility
deficits in muscles which either controlled multi-
planar motion or were biarticular in their attach-
ment (i.e. the piriformis, hamstrings, rectus femoris,
and IT band). The deficits in range of motion and
flexibility of multiplanar and biarticular muscles
may have been caused by these larger muscles com-
pensating for stability, or control, deficits from more
intrinsic musculature at the hip and/or knee.'* With
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these deficits being bilateral, the underlying cause
behind these motion deficits was likely not due to
an increase in muscular tone in the presence of pain
on the involved limb. Thus, it was reasoned that
these bilateral deficits were due to a developed tone
resultant from the neuromuscular control dysfunc-
tion detected with multi-segmental and functional
motions which supported the primary hypothesis.

Lastly, it was important to rule out the lumbar spine
and SI joint involvement. As lumbar segmental
mobility and sacral thrust tests were negative, multi-
segmental motion did not produce any pain in the
back or near the SI joint, and other tests were sup-
portive of neuromuscular control dysfunction, it was
reasoned that it was possible to infer neuromuscular
control dysfunction as the best explanation of her
symptoms. And, treatment addressing neuromuscu-
lar deficits demonstrated a return of lumbar and hip
ROM without specific interventions addressing the
lumbar spine.

Initial treatment focused on addressing noted impair-
ments of body structure and function, through hip
strengthening and balance exercises. Due to under-
lying neuromuscular control dysfunction, dynamic
components to balance exercises were incorporated
(i.e. leg swings during single leg balance). As the
primary hypothesis was that her symptoms were
a result of neuromuscular control her treatment
was progressed by increasing the challenge of bal-
ance and control instead of adding resistance to the
selected exercises (Figure 3).

For example, single leg balance with leg swings was
progressed to a walking lunge with a pause in sin-
gle leg stance position. This was then progressed to
a reverse lunge requiring her to maintain single leg
stance through a larger excursion of hip and knee
range of motion while maintaining balance. This pro-
gression was selected also to attempt to mimic aspects
of her primary activity limitation (i.e. running).

After several weeks of this training, and allowing
the irritability of her symptoms to reduce by restrict-
ing her running, it was hoped that a foundation of
neuromuscular control of the lower extremity could
be built such that when she did resume running,
she would be able to do so without aggravating her
symptoms. This seems to have been the case as she

was able to progress through an accelerated running
program without provocation of pain.

As symptoms resolved it was deemed appropri-
ate to examine her running gait. This revealed an
interesting aspect of her clinical presentation as
numerous components of her clinical examination
demonstrated difficulty with neuromuscular con-
trol, but her running gait analysis showed no adverse
motions at the hip or knee. Here the authors would
like to suggest that neuromuscular control dysfunc-
tion may be present even in the absence of visible
movement faults.

A recently proposed running injury paradigm (“the
preferred movement path”)" suggests that muscle
activity is used to ensure that skeletal motion remains
on a certain path while the degree of that movement
can vary between individuals and depending on the
conditions of the task. As muscle activity can vary
to maintain this path, the control strategy being uti-
lized by an individual may still be “altered”, but the
observed kinematics may look normal. It is hypoth-
esized that this was occurring in the above case.

As the subject demonstrated multiple control deficits
with lower level tasks including single leg balance,
squats, and multi-segmental motion, it was reasoned
that it was likely that similar deficits with control
would be present during running. However, as her
gait analysis showed no overt qualitative faults, it
was hypothesized that she had developed a control
strategy utilizing alternative muscle combinations.

Specifically, given that she had evidence of reduced
gluteal endurance she may have developed a strat-
egy where she utilized increased piriformis muscle
force to control hip adduction? leading to overuse
and pain in that muscle. Or, the increased utiliza-
tion of the piriformis muscle may have allowed her
to reduce the load to the gluteus medius and mini-
mus and could partially explain the reduced endur-
ance of these muscles. This reduced endurance may
have predisposed her to irritation of these muscles
as she attempted to increase her mileage. Whether
the pain generating muscle was the piriformis, the
gluteus medius, gluteus minimus, or some combina-
tion of all three is not known with certainty, but an
altered muscular recruitment strategy as outlined
above could explain an injury to any of them.
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To treat this, a two-fold approach was taken to reduce
the load being placed on the hip musculature. First,
her step rate was increased by approximately 5%.
This was done to address potential gait faults of
posterior tibial inclination, foot inclination, and
heel-to-COM distance.® By reducing these aspects
of her gait, vertical ground reaction forces may also
be reduced and thus propagate less loading to the
involved hip muscles.* Further, step rate increases
have also been shown to directly reduce the muscle
force requirements of the gluteus medius, gluteus
minimus, and piriformis.** She was instructed to
incorporate this increase in step rate for all of her
runs outside of the clinic.

The second approach taken to reduce the load to the
hip muscles was to utilize BWS treadmill running.
The use of BWS during running has been shown to
reduce vertical ground reaction forces and rates of
loading* as well as intra-muscular pressures of the
lower leg.** Thus, this was utilized to further reduce
the load to the hip musculature. Utilization of this
device was done for her weekly long runs to acceler-
ate the building of her running volume in prepara-
tion for her upcoming marathon race. The amount
of unloading was held constant and the time of run-
ning was progressed with each week (Table 2). This
was done to allow physiological adaptation of the
muscles to the accumulation of reduced loads over
the duration of her runs as opposed to gradually
transitioning her back to tolerate running under full
body weight conditions.

The subject was able to progress through the com-
bined running program of step-rate modification and
BWS treadmill running without provocation of symp-
toms and was able to increase her running mileage
such that she was able to successfully complete her
primary goal of participating in a marathon race.

LIMITATIONS

It is important to note that the primary hypothe-
sis of muscular irritation of the piriformis muscle
was not diagnostically confirmed, but was rather
a conclusion based on interpretation of available
examination data on her movement quality and its
potential impact on the movement system during
the task of running. Only one sacroiliac joint test was
completed, which may have left any contributing

dysfunction there undetected. And, core muscle
function was not assessed and thus we are not able
to determine what contribution these muscles may
have had on the subject’s presentation.

Inherent to case report methodology and the fact that
no control was used for comparison, it is not possible
to state if any of these interventions were the cause
of her improvements. Further, it cannot be stated
with certainty which component of the intervention
plan led to her improved status. This case report only
serves to present and highlight the reasoning process
employed to arrive at the treatment strategy utilized.

Finally, it cannot be stated if the intervention actu-
ally resulted in a changed muscular strategy dur-
ing running or assessment of functional motion.
However, improved quality of motion was observed
upon re-evaluation. This implies that improved
movement control was present. Further study using
musculoskeletal modeling techniques investigat-
ing estimates of muscle force production and EMG
analysis would be required to elucidate what types
of muscular activation and force strategies occurred
resulting in the changed quality of motion.

CONCLUSION

The diagnosis and treatment of RRIs remains a clini-
cal challenge. This case report highlights how fea-
tures of the examination may assist in diagnosing
neuromuscular control dysfunction as a relevant
feature of the movement system and how that can
lead to symptom provocation during specific move-
ment tasks. Recognition of neuromuscular control
dysfunction may then afford focused treatment pro-
gression to address functional limitations and may
lead to successful return to activity.
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LITERATURE REVIEW

EVALUATING THE PROGRESS OF MID-PORTION
ACHILLES TENDINOPATHY DURING REHABILITATION:
A REVIEW OF OUTCOME MEASURES

FOR SELF- REPORTED PAIN AND FUNCTION

Myles Murphy'?
Ebonie Rio*5
James Debenham'
Sean Docking*
Mervyn Travers'®
William Gibson!

[JSPT

ABSTRACT

Introduction: Management of mid-portion Achilles tendinopathy is a challenge for both clinicians and researchers. Alteration in
tendon structure, muscle performance and pain processing mechanisms have been suggested as mechanisms driving improvement
in pain and function. However, few trials have used consistent outcome measures to track changes in pain and function.

Objectives: 1) To identify all outcomes measures used in trials utilizing exercise-based interventions for mid-portion Achilles ten-
dinopathy (AT) that assess self-reported pain and function and to report on the reliability and validity of the identified measures,
and 2) Propose measures to optimally assess self-reported pain and function in patients with AT.

Design: Literature Review

Data Sources: Three major electronic databases were searched from inception until May 2016 for studies using isometric, eccentric
or isotonic loading protocols for mid-portion AT.

Eligibility Criteria: Randomized and non-randomized trials of isometric, eccentric or isotonic loading in people with mid-portion AT.

Results: Forty-six studies were included and all outcome measures assessing self-reported pain and function were extracted. While a
variety of outcome measures have been used, few have provided reliability data. There is evidence to suggest that the Victorian
Institute of Sports Assessment- Achilles (VISA-A) is the only valid and reliable measure of self-reported pain and function for people
with mid-portion AT. No other outcome measures have been validated in mid-portion AT.

Conclusion: The VISA-A remains the gold standard for assessing pain and function in mid-portion AT. However, while the validity or
reliability of the Numerical Rating Scale (NRS) of pain during a functional task has not been established it may be a better measure
of immediate treatment effect.

Level of evidence: 5

Key words: Achilles; outcome measures; reliability; tendinopathy; validity
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INTRODUCTION

Achilles tendinopathy (AT) is one of the most
common running-related injuries, with a prevalence
of 6.2-9.5% in recreational runners' and 2-18.5% in
ultra-marathon runners.! AT can present as either
mid-portion or insertional tendinopathy. Mid-portion
tendinopathy affects the mid-portion of the tendon
approximately 2-4cm proximal to the insertion
whereas insertional tendinopathy affects the tendon
insertion onto the calcaneus.? AT is characterised
clinically by pain and stiffness (either mid-portion of
the tendon or at the insertion) and these symptoms
affect athletic function, which is a key diagnostic
feature of the condition.** Mid-portion and insertional
Achilles tendinopathy are considered different clinical
entities and thus are considered separately within the
literature. Therefore, this review will purely focus on
mid-portion Achilles tendinopathy.

Managementof AT isachallenge forboth clinicians and
researchers. Exercise rehabilitation, specifically either
eccentric or isotonic resistance training are effective
interventions.>® While loading programmes have
demonstrated effectiveness, symptoms can persist
up to 5 years following exercise rehabilitation with
some participants not reaching complete resolution
and some not responding to the intervention.® One
potential explanation for this relates to our incomplete
understanding of the mechanisms underpinning this
therapy.” Several mechanisms have been alluded to
in the literature including 1) alterations in tendon
structure®? 2) alterations in muscle performance’” and
3) alterations in pain mechanisms."

One challenge in understanding these mechanisms is
the fact that few trials have used consistent outcome
measures to track changes in pain and function.
The chosen outcome measures also often lack
sufficient psychometric properties. It is important
that clinicians and researchers are familiar with the
outcome measures that have been used in clinical
trials including their validity and reliability, as poor
choices in outcome measures can lead to results
with questionable utility. However, while valid and
reliable measures are important for researchers
it is also important for clinicians to know which
measures are accessible for everyday practice. This
may in turn reduce barriers to implementation of
these measures.!!

The objectives of this review were: 1) To identify
all outcomes measures that have been used in
trials that involved exercise based interventions
for mid-portion AT assessing self-reported pain and
function, and to report on the reliability and validity
of the identified measures; and 2) Recommend
those measures that optimally assess self-reported
pain and function in patients with AT.

METHODS

Criteria for considering studies for this
review

Types of studies

Both non-randomized cohort studies and randomised
controlled trials were included if a loading proto-
col was used to treat mid-portion AT. Case reports,
clinical observations and systematic reviews were
excluded.

Types of participants

Physically active and sedentary participants aged 18
years and over identified as having mid-portion AT
for greater than three months were included. Studies
including participants with insertional AT or other
causes of pain (differential diagnoses) anywhere in
the Achilles region were excluded from the review.

Types of interventions

Intervention studies using either isometric, eccen-
tric, concentric or isotonic (eccentric and concen-
tric) loading protocols were included. Studies that
employed an isometric, eccentric, concentric or iso-
tonic loading program in conjunction with a placebo
therapy (for example sham laser treatment) were
included.

Types of outcomes measures
Only studies that used a self-reported measure of
pain and function in mid-portion AT were included.

Search methods for identification of studies

Electronic Searches

Searches using free text terms (Table 1) were used
to identify published articles on the following elec-
tronic databases; PUBMED, CINAHL (Ovid) and
CINAHL (EBSCO). Only peer reviewed, human,
clinical trials and cohort studies were included.
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Table 1. Systematic Review Search Strategy

Number | Combiners Terms
1 Problem of Interest | Achilles tend*

2 Intervention exercise OR eccentric OR isotonic OR resistance OR
strength*
3 #1 AND #2
Limitations Peer reviewed, human, clinical trials written in English

Searching other Resources

Reference lists from reviews and retrieved articles
were checked and citation searches on key articles
performed. The list of included studies were evalu-
ated by content experts to help identify any addi-
tional relevant studies.

Data collection and analysis

Selection of Studies

One review author (MM) independently searched
and assessed the titles and abstracts of potential
studies identified by the search strategy for their
eligibility. Studies were exported to reference
management software EndNote X8.0.2 (Clarivate
Analytics, 2017) and duplicates were removed. If
the eligibility of a study was unclear from the title
and abstract the full paper was assessed. Studies that
did not match the inclusion criteria for this review
were excluded. Studies were not anonymised prior
to assessment.

A PRISMA study flow diagram!'? was used to
document the screening process as recommended
in Part 2, Section 11.2.1 of the Cochrane Handbook
for Systematic Reviews of Interventions.*?

Data abstraction and management

One review author (MM) independently extracted
data from all included studies using a standardised
and piloted data extraction form on Microsoft Excel
(Microsoft, 2016). The following information was
recorded; primary author, year of publication, study
design, study population (diagnosis), sample size,
loading intervention (e.g. heavy eccentric calf train-
ing), outcome measures used, number of follow up
points and time (weeks) at each follow up point.

Data synthesis

Reliability, wvalidity, minimally clinically impor-
tant difference (MCID) and the minimal detect-
able change (MDC) were reported if provided by
the study using the outcome measure. If the study

provided a reference to psychometric properties, the
referenced study was used to extract the data.

RESULTS

Selection of Studies
A total of 46 studies were included and are presented
in a Prisma Flow Chart (Figure 1).

Data Extraction

All studies using a loading intervention for mid-
portion AT used a measure of self-reported pain and
function. The characteristics of the included studies
are presented in Appendix A.

Data Synthesis

The outcome measures used to assess pain and
function in the interventional clinical trials are pre-
sented in Table 2. Most outcome measures in this
domain did not report their reliability and have not
been validated in mid-portion AT.

Victorian Institute of Sport- Achilles

The Victorian Institute of Sports Assessment-
Achilles (VISA-A) has been used in 28 clinical trials
and was the most frequently used outcome measure
to assess pain and function. The VISA-A has excellent
reliability (test-retest r=0.93-0.98)* and is the only

Search Strategy Applied

by Reviewer
(MM)
Number of Articles Retrieved
by Reviewer:
PubMed= 177
CINAHL=314

EBSCO (Medline and Academic
Search Premier)= 754
Key publication reference lists= 3

Number of Articles
include before screening
=1248

Number of articles excluded
with removal of duplicates
=160

Total after removal of
duplicates = 1088
Number of articles excluded
during screening I
=1042

Number of articles with
full text accessible
=46

Final number of included
articles
=46

Figure 1. Prisma Flow Chart.
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Table 2. Outcome measures assessing self-reported pain and function

Outcome Measure Number of | Follow up | Validity Reliability
Times used | Times
in Clinical (weeks)
Trials
Visual Analogue 61824314, 19346, | Assessed against the Numerical Rating Scale in | Test Retest Reliability in Mid-portion Achilles
Scale of Pain at Rest | 5 8,12,26 | Rheumatoid Disease: r= 0.62-0.91%° Tendinopathy: = 0.45%
Assessed against a Simple Descriptive Scale in
Rheumatic Disease: r= 0.73-0.78
Visual Analogue 115141518194 6,8, | Not Reported Test Retest Reliability in Mid-portion Achilles
Scale of Pain with 24.32,34.40.45. 1 12,26, 52 Tendinopathy with Jumping: r= 0.69*
various functional 46,49, Test Retest Reliability in Mid-portion Achilles
tasks Tendinopathy with Heel Raise: r= 0.61%°
100mm VAS of Pain | 3'-2-% 2,6,12, Not Reported Not Reported
with 1kg Squeeze of 26
the Achilles Tendon
4 Point Scale of Pain | 1°° 1,3, 6, 12, | Not Reported Not Reported
with 1kg Squeeze of 39
the Achilles Tendon
Numerical Rating 25233 4,12,52 | Assessed against the Visual Analogue Scale in Test Retest Reliability in Rheumatoid Arthritis: r= 0.95-
Scale of Pain at Rest Rheumatoid Disease: 1= 0.61-0.91° 0.96%7
Assessed against a Simple Descriptive Scale in
Rheumatic Disease: r= 0.68-0.88
Numerical Rating 541, 42,52-54 4,12,16, | Not Reported Not Reported
Scale of Pain over 26,52
time
5 Point Likert Scale of | 14 6, 12,26, | Not Reported Not Reported
Difficulty in Sport 52
Victorian Institute of | 28>% 1617123 4 6, | Assessed against the Percy and Conochie’s grade | Test Retest Reliability in Achilles Tendinopathy: r=
Sport Assessment - 20-28,30.33.35 1 8 12,16, | of severity in Achilles Tendinopathy: p<0.01* 0.93-0.98%
Achilles 39.41,42,44,96- 1 94 26,36, | Assessed against the Curwin and Stanish grade Intra-rater Reliability in Achilles Tendinopathy: r=
48,50-54 52,22 of severity in Achilles Tendinopathy: p<0.001* | 0.90%
years Assessment of severity in pre-surgical Achilles Inter-rater Reliability in Achilles Tendinopathy: r=0.90-
Tendinopathy, non-surgical Achilles 0.97%¢
Tendinopathy and two control groups: p<0.001°%
Modified Curwin and | 2% 12, 60, Not Reported Not Reported
Stanish Six Level 220
Pain Scale
Functional Index of 18 2,4,6,12 | Not Reported Not Reported
the Leg and Lower
Limb (FILLA)
American Orthopedic | 1% 6,12 Assessed against the Foot Function Index in Test Retest Reliability in Rheumatoid Arthritis Hallux
Foot and Ankle Score Rheumatoid Arthritis Hallux Pain: p<0.05%° Pain: ICC=0.95%
(AOFAS) Hindfoot Intra-Rater Reliability in Rheumatoid Arthritis: ICC=
Scale 0.95%
Inter-Rater Reliability in Rheumatoid Arthritis: [CC=
0.91%
Short Form-36 (SF- 235,40 4,6,12, Assessed against the Visual Analogue Scale of | Test Retest Reliability in General Practice: a= 0.78%
36) 26, 52 Pain in Rheumatoid Arthritis: r= -0.48°"
EuroQoL 218,30 2,4,6, 12, | Assessed against the Western Ontario and Test Retest Reliability in Knee Osteoarthritis: 0.70-
26 McMaster Universities Osteoarthritis Index in 0.73%
Knee Osteoarthritis: Spearman’s rho=0.20-0.60%
Assessed against the SF-36 in Knee
Osteoarthritis: Spearman’s rho=0.20-0.60%
Foot and Ankle 331,36.43 3,6,12, Assessed against the Karlsson Score in Foot and | Test Retest Reliability in Foot and Ankle Osteoarthritis:
Outcome Score 39 Ankle Osteoarthritis: r=0.58-0.67% ICC=0.70-0.92%
(FAOS)
Numerical Scale of 1% 6,12,26, | Not Reported Test Retest Reliability: “satisfactory”®
Physical Activity 52
Numerical Scales of §9-16.29.36.41. 14 12 16, | Not Reported Not Reported
Improvement 42,47, 54 26, 52
Treatment 720.23,2434 13 6 12, Not Reported Not Reported
Satisfaction 37,38,50 52,112,
200
Patient Global 134 12,26,52 | Assessed against the Self-Assessment of Not Reported
Impression of Change Treatment Scale in Postherpic neuralgia: r=0.68-
(PGIC) 0.90%

outcome measure used in clinical trials that has
been validated for AT: it was validated against two
tendon pain rating scales, the Percy and Conochie’s
grade of severity (Spearmans r= 0.58, p= <0.01)*®
and that of Curwin and Stanish (Spearmans r= -0.57,
p=<0.001)."® No MDC has been reported.

The MCID of an outcome measure is important
both for study design (e.g. power calculations), as
well as measuring whether or not an intervention
reflects a meaningful improvement for the patient.®”
The majority of outcome measures reported in the
literature to assess pain and function have not yet had
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Table 3. Frequency of the MCID reported for the

VISA-A in mid-portion Achilles Tendinopathy in
clinical trials using loading protocols

MCID Frequency

10 65 16,35, 44,46, 47
12 421,25,27,30

15 242, 50

16 35153

17 13

20 13

the MCID calculated for mid-portion AT. The VISA-A
has had the MCID reported for insertional AT with an
improvement of 6.5 points reflecting a meaningful
improvement for the patient.®® The MCID of the
VISA-A in mid-portion AT has only once been reported
in one pilot study, with an MCID of 16 points.®
However, this study did not provide any information
on how the MCID was calculated and it is unlikely
using the study design they would have been able
to complete calculations required for determining a
MCID.*” However, most clinical trials reviewed here
used other scores, with 10 points®>!63444647 heing the
most common MCID reported (Table 3).

In addition to the MCID another psychometric prop-
erty commonly used is the minimal detectable change.
However, none of the papers included in this review
which used the VISA-A made any reference to this.

Visual Analogue Scale and Numerical Rating
Scale

Variations of the Visual Analogue Scale (VAS) (Table
Two) and Numerical Rating Scale (NRS) using
average pain, worst pain, pain at rest or during
functional tasks have been used in sixteen and five
clinical trials, respectively. The VAS has been shown
to have poor test-reliability at rest in AT (r= 0.45)*
however this is marginally better when used to
assess pain during functional tasks (r= 0.61-0.69).*
Whilst the VAS has been shown to be valid when
tested against a variety of pain rating scales in other
conditions, such as rheumatoid disease, total knee
replacement and acute abdominal pain,®*®%7 it has
yet to be validated in AT.

The NRS has been shown to be highly reliable in
other musculoskeletal pain conditions, such as
rheumatoid arthritis,” but it has yet to be determined
in patients with AT. While the NRS has been shown to
be valid when tested against a variety of pain rating

scales in other conditions (e.g. rheumatoid disease,
chronic low back pain, osteoarthritis )**”*7* it has yet
to be validated in AT.

A variety of other self-reported pain and improve-
ment scales have been used in clinical trials how-
ever none of these scales have been validated in AT
(Table 2).

None of the papers included in this review which
used the NRS or VAS made any reference to either
the MCID or MDC for these measures in mid-por-
tion AT pain.

DISCUSSION

Pain and function have been measured with VISA-A
and pain scales including NRS and VAS. However,
the timing and instructions of implementing the
VAS and NRS differs vastly between trials; for exam-
ple worst pain today, current resting pain or pain
during loading task such as hopping. It is unclear in
both a research and clinical setting when these pain
and function outcome measures should be used.

The results of this review indicate that the VISA-A is the
onlyvalidated andreliable measure of pain and function
for mid-portion AT. It is therefore recommended as
currently being the best primary outcome measure to
assess these clinical domains. However, problems do
remain when considering utilisation of the VISA-A in
clinical practice; firstly, completion of the VISA-A may
not be practical for assessing immediate response to
treatment. Furthermore, the process used to develop
and validate the VISA-A does not conform to current
recommendations in developing a self-reported
outcome measure and is missing components
suggested to be vital in developing a self-reported
outcome measure.” Given that the VAS and NRS of
pain are easily applied and have been validated®® %72
for musculoskeletal pain in other conditions, they
may be more appropriate for assessing immediate
treatment effect; however, further research is of
course required to establish reliability and validity.
Specifically, given that the NRS of pain has been shown
to be more reliable, valid and responsive than the VAS
of pain in other musculoskeletal pain conditions®”*
it may be the preferred choice. Immediate treatment
effects have been measured in patellar tendinopathy
by comparing the NRS of pain during a provocative
functional test (single leg decline squat) before and
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immediately after a loading program.””® By mirroring
this investigational methodology in AT, further
information on the immediate effect of loading on
tendon pain can be gathered. However, caution must
be taken given that the validity and reliability of the
NRS of pain in AT remains unknown.

Improvements have been observed in VISA-A scores in
as early as two weeks following commencement of a
loading protocol.'” For both clinicians and researchers,
completing a VISA-A at multiple time points during the
intervention may help determine the rate of change,
and provide insight into the mechanisms relating to
improvements based on the temporal response.

While the MCID of the VISA-A has been reported in
insertional AT it has not been formally reported in mid-
portion AT. No clear consensus exists with the only
study which has reported an MCID not providing any
information on how the MCID was calculated. Without
clear information on how the MCID was calculated
we cannot be confident in the results. Currently the
authors would suggest that two different methods
can be utilized for choosing the MCID for sample size
calculations when using the VISA-A as the primary
outcome measure in a clinical trial; 1) using the
MCID of insertional AT (6.5 points);*® or 2) using the
most commonly reported MCID in clinical trials (10
points).>!635444647 Either of these methods of selecting
a MCID for power calculations to estimate sample sizes
are appropriate, however they are potential sources of
error given the true MCID for mid-portion AT has not
been calculated.

The quality of the studies using an exercise
intervention for mid-portion AT was very low. A mix
of randomized and non-randomized studies existed,
each containing small sample sizes. Only four out of
46 studies identified in this paper have a sample size
of greater than 50 participants. When considering that
the quality of evidence is low, and that 18 out of 46
studies failed to use a reliable or validated measure
of self-reported pain and function clinicians must
be wary when drawing conclusions based on study
efficacy from this body of work.

CONCLUSION

Many different outcome measures have been used
to assess pain and function in clinical trials that
study the treatment of mid-portion AT with exercise

rehabilitation. To assess pain and function the VISA-
A appears to be the most valid and reliable tool.
However, the NRS of pain during a functional task
is possibly a simpler tool to assess immediate effect
post-treatment or short-term effects of interventions
as it may be more responsive to change. It is impor-
tant for clinicians and researchers to be aware of the
outcome measures that have been used as well as the
reliability and validity of these measures. By identi-
fying the best measures, rehabilitation professionals
can optimize clinical assessment and improve clini-
cal trials, as well as identify areas that require fur-
ther research.
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Appendix A. Individual Study Characteristics

Study Name Study Cobhort Size (n) | Loading Intervention in Exercise Arm of
Design Study

Alfredson et al. (1998)" Cohort 15 Heavy Eccentric Calf Training
Alfredson & Lorentzon. (2003)" Cohort 6 Heavy Eccentric Calf Training
Bell et al. (2013)° RCT 27 Heavy Eccentric Calf Training
Beyer et al. (2015)° RCT 25 Heavy Eccentric Calf Training

22 Heavy Slow Resistance Training
Brown et al. (2006)"” RCT 18 Heavy Eccentric Calf Training
Chester et al. (2008)'* RCT 8 Heavy Eccentric Calf Training
Crill et al. (2014)" Cohort 25 Heavy Eccentric Calf Training
De Jonge et al. (2010)*°* Cohort 32 Heavy Eccentric Calf Training
De Jonge et al. (2011)*'* RCT 27 Heavy Eccentric Calf Training
De Jonge et al. (2015)*** RCT 54 Heavy Eccentric Calf Training
De Vos et al. (2007)* RCT 32 Heavy Eccentric Calf Training
De Vos et al. (2007)*** Cohort 58 Heavy Eccentric Calf Training
De Vos et al. (2010)>* RCT 27 Heavy Eccentric Calf Training
De Vos et al. (2011)%* RCT 27 Heavy Eccentric Calf Training
De Vos et al. (2012)*7* Cohort 24 Heavy Eccentric Calf Training
Gardin et al. (2010)%* Cohort 24 Heavy Eccentric Calf Training
Herrington et al. (2007)* RCT 13 Heavy Eccentric Calf Training
Horstmann et al. (2013)% RCT 19 Heavy Eccentric Calf Training
Kearney et al. (2013)* RCT 10 Heavy Eccentric Calf Training
Knobloch et al. (2008)*'! RCT 59 Heavy Eccentric Calf Training
Langberg et al. (2007)* Cohort 6 Heavy Eccentric Calf Training
Maffuli et al. (2008)* Cohort 45 Heavy Eccentric Calf Training
Mafi et al. (2001)* RCT 22 Heavy Eccentric Calf Training

22 Concentric Calf Training
Munteneau et al. (2015)% RCT 54 Heavy Eccentric Calf Training
Norregaard et al. (2007)* RCT 21 Heavy Eccentric Calf Training
Ohberg & Alfedson (2004)* Cohort 30 Heavy Eccentric Calf Training
Ohberg et al. (2004)* Cohort 25 Heavy Eccentric Calf Training
Pearson et al. (2012)* RCT 18 Heavy Eccentric Calf Training
Peterson et al. (2007)* RCT 37 Modified Heavy Eccentric Calf Training
Rompe et al. (2007)*! RCT 23 Heavy Eccentric Calf Training
Rompe et al. (2009)* RCT 30 Heavy Eccentric Calf Training
Roos et al. (2004)* RCT 16 Modified Heavy Eccentric Calf Training
Sayana & Maffuli (2007)* Cohort 34 Heavy Eccentric Calf Training
Shalabi et al. (2004)° Cohort 25 Heavy Eccentric Calf Training
Silbernagel et al. (2001)* RCT 22 Eccentric Overload
Silbernagel et al. (2007)* RCT 26 Eccentric Overload with Active Rest

24 Eccentric Overload
Silbernagel et al. (2011)*7* Cohort 34 Eccentric Overload
Stasinopoulos & Manias (2013)* RCT 20 Heavy Eccentric Calf Training

21 Stanish Protocol
Stergioulas et al. (2008)* RCT 20 Heavy Eccentric Calf Training
Stevens & Tan (2014)% RCT 14 Heavy Eccentric Calf Training

12 Modified Heavy Eccentric Calf Training
Tumilty et al. (2008)°" RCT 10 Heavy Eccentric Calf Training
Tumilty et al. (2012)** RCT 17 Heavy Eccentric Calf Training
Tumilty et al. (2016)>* RCT 13 Heavy Eccentric Calf Training

19 Modified Heavy Eccentric Calf Training
Van der Plas et al. (2012)%* Cohort 46 Heavy Eccentric Calf Training
Yelland et al. (2011)** RCT 15 Heavy Eccentric Calf Training
Yuetal. (2013)* RCT 16 Heavy Eccentric Calf Training

16 Concentric Calf Training

included study.

* The results of this study are a follow up of an included study or present different components of data from another
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ABSTRACT

The anterior cruciate ligament (ACL) is the most commonly reconstructed ligament of the knee. Most often,
the goal of surgical reconstruction is to recreate stability within the knee and prevent joint degeneration. To
date, clinical studies have not demonstrated the ability of various reconstruction techniques in establishing
complete knee stability when comparing rates of osteoarthritis. Rates of osteoarthritis commonly resemble
those of knees which have not be reconstructed and in this light, may not demonstrate a successful outcome.
As modern medicine continues to develop and in the understanding of underlying biological processes grows,
some surgeons have turned their attention back to an ACL repair technique. The purpose of this clinical com-
mentary is to discuss the parameters associated with a phase progression for an isolated ACL repair. Physiologi-
cal healing time frames, along with objective clinical assessment, following a criterion-based progression is
described in accordance with post-operative healing parameters to serve as a reference for a rehabilitation
specialist.

Level of evidence: 5

Key words: Anterior cruciate ligament, periodization, rehabilitation, repair, return to sport

! Intermountain Hospital Park City Physical Therapy, Park City,

UT, USA

* Howard Head Sports Medicine Center, Vail, CO, USA CORRESPONDING AUTHOR

% Fort Worth Orthopedics, Fort Worth, TX, USA Brett Bousquet

4 Steadman Clinic, Vail, CO, USA 900 Bitner Road Unit P - 13
Disclosure: The authors certify that they have no affiliations Park City, Utah, 84098

with or financial involvement in any organization or entity 507-401-6112
with a direct financial interest in the subject matter or e
materials discussed in the article E-mail: bousquet@gmail.com

The International Journal of Sports Physical Therapy | Volume 13, Number 2 | April 2018 | Page 293
DOI: 10.26603/1jspt20180293




INTRODUCTION

Isolated anterior cruciate ligament (ACL) tears have
been reported to occur at a rate of 68.8 per 100 000
people in the United States.! Prior to 1970, many
ACL tears were managed using a ACL repair proce-
dure in order to recreate stability in the knee.? These
procedures were open surgical repairs and included
all tear types, tear locations, patient ages and activ-
ity levels, and included various co-morbid knee
injuries.** Moreover, following the open ACL repair
procedure the post-operative management regime
usually included long leg casting in slight flexion for
as long as six weeks.** This management of ACL inju-
ries resulted in poor patient reported outcomes and
high failure rates,** ranging from 10% to as high as
100%,** and consequently lead to surgeons abandon-
ing ACL repairs in favor of ACL reconstructions.'**

The purpose of the ACL reconstruction is to cre-
ate rotational and posterior/anterior knee stability,
allowing the patient to resume their prior levels of
activity while decreasing the chance of articular car-
tilage degeneration.>” When measured against these
goals, ACL reconstructions are not always success-
ful.>”? Rates of degeneration and osteoarthritis do not
appear to be slowed following ACL reconstruction
with osteoarthritis development reported from 10%
to as high as 100%;>” a rate similar to patients man-
aged conservatively.” Furthermore, despite efforts
and intentions directed at returning patients to their
prior level of activity participation, reconstruction
of the ACL does not guarantee return to pre-injury
status®!®! with just 65% of athletes returning to their
prior functional level.'?

Given that positive outcomes after ACL reconstruc-
tion are not always certain, it seems appropriate to
revisit ACL repairs. There are several potential ben-
efits of repairing the ACL, including the avoidance of
drilling tibial and femoral bone tunnels, which cre-
ates trauma to the knee joint. Tibial tunnel reaming
during anatomic single bundle ACL reconstruction
impacts the anterolateral meniscal root attachment,
ultimately reducing failure strength.'* Furthermore,
preserving the native ACL results in more consis-
tent anatomical tissue placement when compared
to ACL reconstruction with an additional benefit of
maintaining vascular and proprioceptive structures
considered vital in knee and lower extremity for

function and stability.5!'* Lastly, donor site morbidity
is eliminated.

Seemingly, most opponents to the ACL repair point
to the decreased ability for the ACL to heal, however,
recent research supports the concept that the ACL
does have some intrinsic capacity to heal.'>'® The
proximal 1/3 of the ACL has been shown to have
intrinsic healing properties that are similar to the
medial collateral ligament (MCL) forming type III
collagen fibers of similar histological make-up.'* The
ability of the ACL to spontaneously heal'® would
indicate that proximal ACL tears, when managed
with an ACL repair may have the ability to restore
joint stability.!” Many of the same healing proper-
ties proposed by the ACL repair are realized in the
healing response procedure.'® Creating a healing
stimulus by microfracturing around the anatomical
footprint permits access to mesenchymal cells and
a healing environment is established to support the
ACL."® In an attempt to aid the healing response, the
addition of a suture fixation and a biodegradeable
screw could further secure the native ACL tissue to
its origin. These factors, along with developments
in surgical procedures and collagen-platelet-rich
plasma scaffolding are allowing a second look at less
invasive ACL surgeries.

With the potential benefits and positive effects of an
ACL repair, the clinician would benefit from a bet-
ter understanding of the proposed steps necessary to
return the patient to their prior level of function. The
purpose of this clinical commentary is to discuss the
parameters associated with a phase progression for
an isolated ACL repair. Physiological healing time
frames, along with objective clinical assessment, fol-
lowing a criterion-based progression is described in
accordance with post-operative healing parameters
to serve as a reference for a rehabilitation specialist.

POSTOPERATIVE REHABILITATION

The current literature relating to a criterion based
rehabilitation protocol after an ACL reconstruction is
inconsistent.'”! Despite the high prevalence of ACL
reconstruction in the literature, consensus regard-
ing weight bearing, range of motion, and initiation
and progression of a periodized strength training pro-
gram including running and return to sport does not
exist.!®® The ACL repair, which is documented less
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frequently in the current literature compared to the
reconstruction, has even less support in the literature.
With this in mind, concepts proposed in this commen-
tary aim to blend a criterion-based progression with
patient presentation and the appropriate timelines
associated with tissue healing and muscle adaptation.

Phase 1: Protection/ROM/Muscle Initiation
(0-6 weeks)

The goals outlined in Phase I are important in direct-
ing the patients’ overall return to function. The aim
of the protection phase is not only to protect the
repaired ACL, but to prepare the patient for the next
phase of rehabilitation by restoring tibiofemoral and
patellofemoral range of motion, initiating quadri-
ceps activation, and resolving joint effusion.?

Post-operative restrictions are put in place to pro-
vide protection to the repaired ligament. The patient
is placed in a standard postoperative hinged-knee
which is set to allow for 0° - 90° of knee extension
and flexion during gait activities for six weeks. Fur-
ther, patients are allowed to ambulate in partial
weight bearing (PWB) with a gradual increase to full
weight bearing occurring at two weeks following
surgery.'? Crutches can be discontinued when the
patient no longer demonstrates an antalgic gait or an
extension lag during a straight leg raise.”

The role of early range of motion after surgery in
reducing post-surgical complications and improving
outcomes has been established in the literature.!##>2*
Since passive tibiofemoral flexion and extension does
not place undue stress on the surgically repaired
ligament,'®?**” no restrictions are placed on passive
range of motion post surgically. Passive tibiofemoral
flexion is achieved with passive edge of table flex-
ion and wall-slides. Progression of range of motion
is guided by subjective patient reports, and limita-
tions into progressing range of motion are directed
by patient reports of pain. When >110° of passive
flexion is present,? the patient is able to progress
to stationary cycling without resistance as a way to
assist with effusion.? Passive tibiofemoral extension
can be achieved with posteriorly directed femoral
glides in relation to a fixed tibia. In conjunction with
a posterior femoral glide, a rotary mobilization of the
femur directed externally in relation to the tibia can
assist with tibiofemoral extension.

Establishing full passive patellofemoral motion is
also important in the protective phase. Adhesions
that form in the gutters of the anterior knee and in
the anterior interval can limit tibiofemoral and patel-
lofemoral range of motion and increase joint contact
pressures.”® As indicated by previous authors, patel-
lar mobilizations in a superior/inferior and medial/
lateral fashion should also be accompanied by
medial/lateral mobilizations of both the patellar and
quadriceps tendons to limit potential restrictions in
both the tibiofemoral and patellofemoral joint.*

Effusion in the tibiofemoral and patellofemoral
joints can result in increased pain, decreased quadri-
ceps activation, limited range of motion, and prevent
the patient from progressing forward with rehabilita-
tion.?° In accordance with physiological healing fac-
tors, joint effusion is expected to peak at day three
and gradually resolve by the completion of Phase I
at six weeks.? Treatment to aide in the resolution of
joint effusion may include lymphedema massage,
the use of pneumatic compressive devices, eleva-
tion, and an active muscle pump from the quadri-
ceps and calves. In addition to techniques aimed to
decrease joint effusion, the rehabilitative specialist is
encouraged to progressively stress the tissue within
its tolerance to avoid increased joint effusion.

Quadriceps atrophy is common in an acute surgical
knee and can lead to difficulty with active terminal
knee extension during gait activities.** Quadriceps
training is initiated immediately after surgery with
isometric quadriceps sets in terminal extension. As
tolerated, quadriceps strengthening is progressed to
short-arc, open-kinetic-chain strengthening from 30°
to physiological terminal extension to aid with nor-
mal restoration of gait mechanics.*® The short-arc
quadriceps exercise is shown to activate all quadri-
ceps muscles at a greater EMG level as extension
increases® and have similar strain on the ACL com-
pared to a closed-kinetic-chain squatting exercise.?

Criteria for the progression from Phase I center
around the goals outlined in Table 1. Initial passive
range of motion into flexion and extension is per-
formed by the therapist and should be maintained.
Flexion is expected to be within 10° of the opposite
limb, with efforts made to restore extension to values
comparable to the contra-lateral limb. Finally, swell-
ing is expected to be within 0.5 cm of the opposite
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Table 1. Protection Phase Guidelines and Goals 0-6 weeks post-operative.

Precautions Goals / Criteria to advance

Interventions

Passive tibiofemoral mobilizations (posterior femoral glides, screw home
mobilizations)

Passive patellofemoral mobilizations (superior/inferior, medial/lateral)
Patellar tendon and quadriceps tendon mobilizations (medial/lateral)
Manual soft tissue massage (quadriceps, hamstrings, gluteus medius/minimus,
gastrocnemius/soleus)

Isometric quadriceps activation in terminal extension (building to 5 sets of 1
minute hold)

Weight bearing progression (medial/lateral weight shifts, posterior/anterior
weight shifts)

Weaning off assistive device (gradual removal of crutches)

Reciprocating stair ascension/descent

Bike (115° flexion present)

Lymphedema massage, distal to proximal

Ankle pumps (3 sets of 20 reps, 2-3 times / day)

Progression from mat muscle activation exercises to upright muscle activation
exercises

Balance progression (interventions include but are not limited to tandem
stance, rhomberg stance, single leg stance, unstable surfaces, eyes
opened/eyes closed))

Full ROM Active terminal knee extension >= 0

Active flexion to within 10° of opposite knee

PWB Gait without assistive device

Swelling within 0.5 cm of opposite knee
(measured at superior pole of patella, 5 cm and 10 cm
proximal to superior pole of patella)

ROM-= range of motion. PWB= partial weight bearing

limb by the end of Phase I. Tables 2 and 3 provide
examples of interventions commonly used at both
weeks one and six.

Phase 2: Periodized Strength Development

- Muscular Endurance (7-14 weeks)

After completion of the protection phase, the focus
turns to progressive loading of the knee joint and soft
tissues through a periodized program that focuses on
the sequential development of muscular endurance,
strength and power. Due to arthrogenic inhibition,
the selective atrophy of type 1 muscle fibers following

injury provides the physiological rationale for the
development of a muscular endurance base.?033
Due to their decreased recruitment threshold require-
ments, type 1 muscle fibers are recruited and devel-
oped with light intensity and high repetitions.*

The strengthening of major muscle groups, espe-
cially the quadriceps, as outlined in Table 4 is rec-
ommended in Phase II. The rehabilitative specialist
is encouraged to use this as a guide while working
on an individualized treatment plan specific to the
goals of each patient. An endurance based strength
training program is recommended between two to

Table 2. Example of first week post-operative interventions.

Intervention Duration
Superior/inferior patella, quadriceps tendon, and patella tendon 10 minutes
Medial/lateral patella mobilization

Posterior capsule stretch

Screw home mobilization / posterior femoral glide
Edge of table

Supine on ball

Wall slide

Quad sets-biofeedback (for 1 min)

Glute sets — (3 sets of 10-20 sec isometric hold)
TA sets — (3 sets of 10-20 sec isometric hold)
Quad/knee

Hamstring

Calf

Stationary upright bike (no resistance)
Ascending/descending stairs

TKE focus

Heel strike

PWB= partial weight bearing. TA = transversus abdominus. TKE= terminal knee extension.

Rehabilitation component
Patellar mobility

Tibiofemoral Extension 5-10 minutes

Tibiofemoral Flexion 10-15 minutes

Knee, hip, and core strengthening
10-20 minutes

Edema management/ Soft tissue massage

5-10 minutes

Gait training PWB (two crutches) 10 minutes

The above mentioned interventions are appropriate during Phase | of rehabilitation and can be used and should serve as a
guideline for clinicians between the first and sixth weeks of rehabilitation if determined appropriate by the clinician.
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Table 3. Example of six week post operative interventions.

Rehabilitation Component Intervention

Duration

Patellar mobility

Tibiofemoral Extension
(as needed)
Tibiofemoral Flexion
(as needed)

Hip, knee, and core strengthening As previous

Supine HS curl

Edema management/Soft tissue mobilization ~ Quad/knee
(as needed) Hamstring
Calf

Gait training (as needed) Level surface

Discharge assistive device

Superior/inferior patella, quadriceps tendon, and patella tendon 10 minutes
Medial/lateral patella mobilization

Posterior capsule stretch

Screw home mobilization / posterior femoral glide
Edge of table with therapist assistance

Supine on ball with therapist assistance

Wall slide (supine on back

Standing heel raises

4 way hip (standing or on table;
flexion/abduction/adduction/extension)

Balance (interventions include but are not limited to tandem

stance, thomberg stance, single leg stance, unstable surfaces,
eyes opened/eyes closed)

Stationary upright bike (no resistance)

Reciprocating on stairs

5-10 minutes

10-15 minutes

3 sets x 20 reps
3 sets x 15 reps (resistance)

3 sets x 15 reps (resistance)

10-20 minutes

20 minutes
5-10 minutes

HS= hamstring.

The above mentioned interventions are appropriate during Phase | of rehabilitation and can be used and should serve as a guideline for
clinicians between the first and sixth weeks of rehabilitation if determined appropriate by the clinician.

Table 4. Example of Muscular Endurance Phase Interventions weeks 7-14.

Exercise (Focus on exercise)

Repetitions / Sets

Work : Rest

a. Wall squat holds (Quad)

a. TRX squats (Quad)

b. SL shuttle squats (Quad)

b. Supine bridge with HS curl (Hamstring)
c. Resisted lateral steps (Glutes)

c. Alternating lunge holds (Quad)

30-120 sec / 2-4 sets
30-120 sec / 2-4 sets
15-20 reps ea / 2-4 sets
15-20 reps / 2-4 sets
15-20 reps ea / 2-4 sets
30 — 120 sec / 2-4 sets

1:1
1:1
1:1, transition to none
1:1, transition to none
1:1
1:1

TRX= total body resistance exercise. SL=single leg.

The above mentioned interventions are appropriate during Phase Il of rehabilitation and can be
used and should serve as a guideline for clinicians between the seventh and 14th weeks of
rehabilitation if determined appropriate by the clinician.

three times each week with at least 48 hours of rest
in between.*>* Light to moderate loads of <50% of
the patients’ 1-repetition maximum (1RM) are rec-
ommended for greater than 15 repetitions.’®* ACSM
guidelines encourage between two and four sets
with rest periods <90 seconds.*>* The progression
of double to single leg activities is also recommended
throughout the progression of this phase.

Phase II progression criteria are outlined in Table 5.
Single leg strength has been shown as an important
predictor for control of frontal plain kinematics*” and
with return to sport decisions.!®"3%3 Therefore, the

single leg squat and the Y-Balance Test are used as
indicators of surgical limb strength and stability. A
single leg squat from a 10-inch step over 15 repeti-
tions will allow the rehabilitation expert the opportu-
nities to assess frontal plain kinematics and strength
at the trunk, hips, and knees visually. Anterior reach
on the Y-Balance Test has been correlated with knee
injuries and return to sport in the literature, and is
being used as a progressive objective measure to
show strength in the surgically repaired leg.****

Despite the focus on the development of muscular
endurance, lower extremity muscular strength is still
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Table 5. Periodized Strength Development — Muscular Endurance Phase Guidelines 7-14 weeks post-operative.

Goals / Criteria to advance

Stipulations

Resistance cycling/TM walking x 20 minutes
Full active range of motion

10 rep squat/10 rep leg press >70%

Single leg squat from 10 inch for 15 reps
Anterior Reach within 8 cm

Patient selected pace — Maintain

Equal to non-operative limb — Maintain

Refer to Appendix 1

Avoidance of excessive trunk lean and knee/hip valgus
Compared to opposite leg

Quad Index >80% Dynamometer compared to opposite leg
Inertial Measurement Unit (IMU) Pass single leg squat
TM= treadmill.

expected to improve over this phase. The back squat/leg
press and quadriceps symmetry index are used to assess
the return of muscular strength. Values for the back
squat and leg press are provided to better ensure that
rehabilitation specialists will have the equipment neces-
sary in order to measure strength values. Back squat val-
ues are based off of a male being able to back squat 1.25
times his body weight 10 times (10 repetition maximum)
and a female being able to back squat 0.8 times her body
weight 10 times (10 repetition maximum) (Appendix 1).
A 10-repetition maximum is implemented to avoid over
loading the joint and soft tissues. These values are also
correlated with an equivalent load for measuring with a
leg press machine in both single and double leg. A quad-
riceps symmetry index of 80% the non-surgical leg can
also show strength progression.*®

Phase 3: Periodized Strength Development

- Muscular strength (15 - 21 weeks)

After a muscular endurance base has been estab-
lished, the focus of rehabilitation becomes regaining

muscular strength. A periodized model is used with
the focus on muscle strengthening*® of the quadriceps.
When compared to the muscular endurance phase,
muscular strength development is characterized by
an increase in load and reduction in repetitions.**?
In addition to strength training, a running and agility
progression are added with the goal of returning the
athlete to practice by the completion of this phase.

Development of muscular strength targets type II A
and B muscle fibers.* An example of possible exer-
cise interventions is outlined in Table 6 with a contin-
ued focus directed towards quadriceps strengthening.
Similar to a Phase II, patients are expected to perform
strength training interventions two to three times
each week with at least 48 hours of rest between ses-
sions.?% Moderate to heavy loads of at least 60-67%
of a patients’ 1-RM are recommended for muscular
strength development.’* Based off of a patients pre-
vious weightlifting experience, between 1 - 12 repeti-
tions with two to six sets are used to help maximize

Table 6. Example of Muscular Strength Phase Interventions Weeks 15-21.

Exercise (Focus of exercise)

Repetitions / Sets

Work : Rest

a. Single leg squat to target (Quads)
a. Front squats with DB/KB (Quads)
b. Weighted reverse lunges (Quads)
b. Nordic HS curl (Hamstrings)

c. SL Skaters 3 way (Glutes)

c. B shuttle jumps (Quads)

30-120 sec ea / 3-5 sets

6-8 reps / 3-5 sets 70-80%
6-8 reps ea / 3-5 sets 60-80%
8-15 reps / 3-5 sets

30-120 sec ea / 3-5 sets

30 -120 sec / 3-5 sets

1:2-3 after complete round
1:2-3 after complete round

1:2-3 after complete round

Dynamic warm up (progress in intensity): High knees, butt kickers, A-skip, fwd/bwd lunge,
Open/close gate, lateral shuffle, Over/under sideways, back pedal, sprint progression, ladders

determined appropriate by the clinician.

DB= dumbbell. KB= kettlebell. HS= hamstrings. SL= single leg. B= bilateral.

The above mentioned interventions are appropriate during Phase Ill of rehabilitation and can be used
and should serve as a guideline for clinicians between the 15th and 21st weeks of rehabilitation if
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strength gains.’** Depending on the complexity of
movement, rest times between two to five minutes
are encouraged.*** It is also recommended that every
four weeks, the patient goes through a de-loading week
to allow for appropriate recovery of muscles and soft
tissue structures with a resistance of 50-60% utilized.*

To this point, a running progression has not been
implemented and should only be included if the
patients desired activities include running. A cri-
terion based model that addresses strength® in a
dynamic and fatigued state® is appropriate in deter-
mining a progression to running.’> A quadriceps
index of 90% in ACL reconstructed knees has been
correlated with near normal jogging mechanics and
is considered an appropriate marker for assessing
strength.>® Despite not being a validated criterion
for the knee, these authors believe that a passing
score during the Vail Sports Test allows a rehabilita-
tion specialist to observe how a patient would accept
load while in a fatigued state and provides insight to
how they would perform during a running activity.
With these criteria met and a satisfactory muscular
strength base established, a staged running progres-
sion starting with 70% weight bearing is implemented
in an Alter-G treadmill. A similar reduced load run-
ning progression can be completed in a pool initially
at chest depth with progression to shallower water
depths. Over the course of two to three weeks, weight
bearing is progressed during each running session by
5% until able to tolerate 100% weight bearing. Table

Table 7. Jogging progression example starting at week 19.

Week Run Walk Alter G Cycles
(minutes) (minutes) percentage

19 1 4 70% 2-4
20 3 2 85% 4
21 1 4 95-100% 2-4
22 2 3 - 3-4
23 3 2 4
24 4 05-1 3-4
25 20

7 gives an example of this progression, but clinical
judgment should be used in the progression to mini-
mizing swelling and pain. If significant swelling and
pain present, the patient is to regress back to the pre-
vious day. When the patient is able to successfully run
pain free for 20 consecutive minutes, and strength
and endurance criterion are still met, a graded agil-
ity progression is started. Agility drills are added in
a single plane and progressed from 25% of maximal
speed. Despite a lack of concise evidence in the lit-
erature, these authors believe that after two success-
ful consecutive sessions without swelling and pain, it
is appropriate to increase the intensity of the agility
drills by 25% of an athlete’s subjective perception of
intensity via rate of perceived exertion. In addition
to increased intensity, the athlete and rehabilitation
specialist begins to introduce planes of motion to the
agility drills to prepare for return to sport.

Criteria for the advancement from Phase III are out-
lined in Table 8. As the patient progresses towards
a return to activity, the use of objective measures
defined by the literature are used to assess func-
tion. The progression of muscular strength contin-
ues to build on strength gained from the previous
phase. Single limb strength is again assessed with
the Y-Balance Test, however, the 4 cm difference
from non-surgical leg now reflects data supported
in the literature pertaining to decreased rates of
injury.*** Back squat/leg press strength is expected
to be at 80% of predicted 10 RM by the completion
of phase III. The quadriceps symmetry index and
girth measurements have been used in the past to
assess return to sport and are expected to be at 90%
and within 1 cm of non-surgical leg, respectfully.'
Another measure supported by the literature for
return to sport is the hamstring/quadriceps ratio
which has been established at 60% and measured
using hand-held dynomometry.>* Finally patients
must pass the single leg drop test as measured by

Table 8. Periodized Strength Development — Muscular Strength/Power Phase Guidelines 15 - 21 weeks

post-operative.

Able to run x 20 minute (<12 min/mile)
10 rep squat / 10 rep leg press >80%
Anterior Y Balance within 4 cm

Quad girth within 1 cm

Quad index within 90%
Hamstring/Quad ratio 60%

Inertial measurement unit (IMU)

Maintain

Refer to appendix 1

Compared to opposite leg — Maintain

Compared to opposite leg - Maintain

Dynamometer compared to opposite leg at 30° - Maintain
Dynamometer compared to opposite leg - Maintain

Pass single leg hop/box drop
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an inertial measurement unit (IMU), further assess-
ing neuromuscular control by way of tibial angular
motion and indicating a patients’ ability to control
dynamic movements at their limb.* Neuromuscular
is believed to be an important factor in a successful
return to sport.'® Rehabilitation facilities will likely
not possess a three-dimensional motion analysis
system able to capture tibial motion and therefore
can rely on an accurate but more portable IMU sys-
tem.* Once these criteria are met, the patient is able
to return to practice and progress to Phase V.

Phase 4: Periodized Strength Development

- Muscular Power/Speed/Agility phase

(22 + weeks)

Historically, clearance for complete return to sport
followed a time based model and was subject to clin-
ical examination performed by the intervening sur-
geon occurring at six months.'® However with the
primary factor for return to sport being time'® and
with re-tear rates occurring at similar rates before
and after six months from surgery,* a stronger focus
on a criterion based model, especially during this
return to sport phase, should be used.”

The fourth phase of rehabilitation is directed towards
the development of muscular power, speed, and
agility with the end goal being the complete return

to sport. Continuing with a linear periodization
model, appropriate strengthening, conditioning,
power, speed, and agility drills that best replicate the
demands of the sport or activity are incorporated.

As different sporting activities require various combi-
nations of power, speed, and agility, it is up to the reha-
bilitative specialist to implement their knowledge of
strength and conditioning to adequately prepare each
athlete. An example of possible exercise interventions
is outlined in Table 9 with the focus switching from
strictly strength, to power and strength maintenance.
Optimal power development uses a resistance of 30%
of the patients 1-RM and is suggested to enhance ath-
letic performance and thought to best simulate most
athletic events.”® However, increasing both movement
speeds and rate of force development, is best trained
with 75-90% of the patients’ 1-RM for 1-5 repetitions.*°
This is completed over three to five sets with two to
five minutes of rest.** The development of optimal
power, speed, and agility can be targeted with intense,
brief activities avoiding fatigue, and should be per-
formed early in the session.

Table 10 outlines the goals for Phase IV. Strengthening
should continue throughout this phase with a 10-rep-
etition squat or leg press of 90% or greater being
expected by the completion of the phase. Also, in
accordance with strength, the patient must maintain

Phase Interventions at Weeks 22 +.

Table 9. Example of Muscular Power

Dynamic warm up (full intensity) : High knees, butt kickers, A-skip, fwd/bwd lunge,
Open/close gate, lateral shuffle, Over/under sideways, back pedal, sprint progression, ladders

Exercise (focus of exercise)

Repetitions / Sets Work : Rest

Power Clean (Power)

Front Squat (Strength)

Nordic Hamstring Curls (Strength)
Conditioning (Endurance)
Burpees

- Box jumps

ree o

1-5 reps / 3-5 sets 70-90%  2-5 minutes
6-10 reps / 3-5 sets 50-65% 1:3

12-20 reps / 3-5 sets 1:2

21— 15— 9 (repetitions None
performed of each

movement per round)

Core Strengthening
Abdominal crunch Isometric hold

Prone back extension Isometric hold 45 sec/ 4 sets

45 sec / 4 sets

Table 10. Periodized Strength Development — Muscular Power/Speed/ Agility Phase Guidelines 22 + weeks.

Goals / Criteria to advance

Stipulations

Modified T-test within norms of sports
Single leg hop series
10 rep squat / 10 rep leg press >90%

Refer to normative values based on sports/position if appropriate
>90% non-involved leg
Refer to appendix 1
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previously outlined values pertaining to anterior
reach on the Y-Balance Test, quadriceps girth, quad-
riceps index, the Vail Sports Test, single leg hop/box
drop with an IMU and hamstring / quadriceps ratio in
order to return to unrestricted sport activity. Finally,
the addition of the modified T-test and single leg hop
series adds in the patients’ ability to tolerate the rigors
of the sport or activity and indicate they are able to
return to unrestricted sports participation.*®557 Ulti-
mately, the patient, doctor, and therapist should agree
on the patients’ ability to return to activity based on
subjective and objective measures.

Limitations with this criterion driven progression
include the lack of data supporting improved func-
tional outcomes. Furthermore, because long-term
studies utilizing current ACL repair techniques are
lacking, clinicians must rely on data from recon-
struction procedures along with physiological heal-
ing timelines to support our approach for the design
of the optimal post-operative physical therapy pro-
gram for patients following ACL preservation and
repair. The concepts presented should continue to
be challenged and progressed as new information
is presented, but these concepts serve as a starting
point for how best to approach the rehabilitation of
the knee following repair of the ACL.

CONCLUSIONS

While there is limited research pertaining to post-
operative rehabilitation for the ACL repair, this
clinical commentary offers suggested interventions
based on evidence from anatomical, biomechanical,
tissue-healing studies, and current literature of ACL
reconstruction in establishing a safe and structured
postoperative protocol. With the possibility of more
ACL repair procedures being performed, therapists
may benefit from the suggested structured progres-
sion of rehabilitative criteria that are supported by
literature to help improve patient outcomes. This
commentary aims to serve as a framework for which
future research in clinical and laboratory settings
can build off of to further support the data presented.
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Appendix 1. Strength calculations®™*,

Athletes Male
Body 80% 10 RM leg press 90% 10 RM leg press 10 RM leg press 10 RM squat
Weight (Ibs) (Ibs) (Ibs) (Ibs)
[Single leg] [Single leg] [Single leg]
100 250[138] 282[155] 313[172] 113
110 276[152] 310[171] 345[190] 124
120 301[166] 339[187] 376[207] 135
130 327[180] 367[202] 408[225] 146
140 352[194] 396[218] 440[242] 158
150 377[207] 425(234] 472[260] 169
160 403[222] 453[249] 504[277] 180
170 428[235] 482[265] 535[294] 191
180 454[250] 510[281] 567[312] 203
190 479[264] 539[296] 599[330] 214
200 505[278] 568[312] 631[347] 225
210 530[292] 596[328] 663[365] 236
220 555[305] 625[344] 694[382] 248
230 581[320] 653[359] 726[399] 259
240 606[333] 682[375] 578[318] 270
250 632[348] 711[391] 790[435] 281
Athletes Female 44
Body 80% 10 RM leg press 90% 10 RM leg press 10 RM leg press 10 RM squat
Weight (Ibs) (Ibs) (Ibs) (Ibs)
[Single leg] [Single leg] [Single leg]
80 132[73] 148[81] 165[91] 60
90 149[82] 167[92] 186[102] 68
100 166[91] 186[102] 207[114] 75
110 183[101] 205[113] 228[125] 83
120 199[110] 224[123] 249[137] 90
130 216[119] 244[134] 271[149] 98
140 233[129] 263[145] 292[161] 105
150 250[138] 282[155] 313[172] 113
160 267[147] 301[166] 334[184] 120
170 284[156] 320[176] 355[195] 128
180 301[166] 339[187] 376[207] 135
190 318[175] 358[197] 398[219] 143
200 335[184] 377[207] 419[231] 150
210 352[194] 396[218] 440[242] 158
220 369[203] 415[228] 461[254] 165
230 386[212] 434[239] 482[265] 173
General Population Male +3%
Body 80% 10 RM leg press 90% 10 RM leg press 10 RM leg press 10 RM squat
Weight (Ibs) [Single leg] (Ibs) [Single leg] (Ibs) [Single leg] (Ibs)
100 208[114] 234[129] 260[143] 94
110 229[126] 258[142] 287[158] 103
120 250[138] 282[155] 313[172] 113
130 272[150] 305[168] 339[187] 122
140 293[161] 329[181] 366[201] 131
150 314[173] 353[194] 392[216] 141
160 335[184] 377[207] 419[231] 150
170 356[196] 401[221] 445[245] 159
180 377[207] 425[234] 472[260] 169
190 399[220] 448[246] 498[274] 178
200 420[231] 472[260] 525[289] 188
210 441[243] 496[273] 551[303] 197
220 462[254] 520[286] 578[318] 206
230 483[266] 544[299] 604[332] 216
240 505[278] 568[312] 631[347] 225
250 526[298] 591[325] 657[361] 234
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Appendix 1. (continued)Strength calculations®*.

General Population Female 4344

Body 80% 10 RM leg press 90% 10 RM leg press 10 RM leg press 10 RM squat
Weight (Ibs) (Ibs) (Ibs) (Ibs)
[Single leg] [Single leg] [Single leg]

80 111[61] 125[69] 139[77] 51
90 125[69] 141[78] 157[86] 57
100 140[77] 158[87] 175[96] 64
110 155[85] 174[96] 193[106] 70
120 169[93] 190[105] 211[116] 77
130 183[101] 206[113] 229[126] 83
140 198[109] 223[128] 247[136] 89
150 212[117] 239[132] 265[146] 96
160 227[125] 255[140] 283[156] 102
170 241[133] 271[149] 301[166] 108
180 255[140] 287[158] 319[176] 115
190 270[149] 304[167] 337[185] 121
200 284[156] 320[176] 355[195] 128
210 299[165] 336[185] 373[205] 134
220 313[172] 352[194] 391[215] 140
230 327[180] 368[202] 409[225] 147

* Squat / Leg press calculation notes and equations
o Athletes
o Males are based off of 1.5 x body weight for 1 RM
o Females are based off of 1.0 x body weight for 1 RM
e General population
o Males are based off of 1.25 x body weight for 1 RM
o Females are based off of 0.85 x body weight for 1 RM
e 1 RM back squat equation (based on weight and number or reps)
o 1RM =rep weight x (reps)*!
e 10 RM from 1 RM
o Squat ] RM =10RMx 100/75
o Squat I0ORM =1RMx75/100
e Squat to leg press 10 RM conversion (convert to KGs)
o Legpress 10 RM = (Squat 10 RM/0.354) —2.235
o Squat 10 RM = (Leg press 10 RM x 0.354) + 2.235
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ABSTRACT

Repetitive overhead throwing generates tremendous demands on the shoulder joint of the overhead athlete.
Clinicians, therapists, and medical staff are charged with optimizing a throwing athlete’s shoulder mobility and
stability to maximize performance and prevent injury. Modifiable risk factors such as strength asymmetry,
glenohumeral range of motion deficits, and scapulothoracic joint abnormalities contribute to the overhead
athlete’s predisposition to shoulder injury. Most shoulder injuries in the overhead thrower can be successfully
treated nonoperatively to allow in-season return to sport. The optimal rehabilitation program must be based
on an accurate evaluation of historical and physical information as well as diagnostic imaging. Return to play
decisions should be individualized and should weigh subjective assessments along with objective measure-
ments of range of motion, strength, and function. The purpose of this clinical commentary is to summarize
the current literature regarding the nonoperative treatment options for these common injuries, and to present
a treatment plan to safely return these athletes to the field of play.
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BACKGROUND AND PURPOSE

Repetitive overhead throwing generates tremendous
demands on the glenohumeral joint at extremely high
angular velocities. Shoulder torque during pitching
movements can result in moments in excess of 7500
degrees/sec.! These extreme stresses must be bal-
anced by adequate stability in the shoulder girdle to
allow an athlete to compete throughout the course of a
season. Increased incidence of shoulder pathology has
been well documented in overhead athletes as com-
pared to non-throwing athletes.? Conte et al. reported
that 28% of all injuries sustained to professional base-
ball pitchers occur within the shoulder® The most
frequently encountered shoulder injuries relate to
pathology of the rotator cuff, the biceps-labral complex,
and the shoulder capsule.* Most of these injuries can
be treated nonoperatively, and an optimal rehabilita-
tion protocol should seek to balance minimizing time
lost to injury while preserving long-term healing and
preventing reinjury or compensatory pathology. In
professional athletics especially, successfully return-
ing to sport participation while still in season can
have enormous effects on player salaries, contracts,
and organizational/team success. The purpose of this
clinical commentary is to summarize the current lit-
erature regarding the nonoperative treatment options
for these common injuries, and to present a treatment
plan to safely return these athletes to the field of play.

PRINCIPLES OF TREATMENT

The optimal rehabilitation program must be based
on findings from the medical history, physical exam-
ination, and diagnostic imaging when appropriate.
Optimally, the medical professional should also
evaluate the isokinetic profile and throwing mechan-
ics to discern the cause of decreased performance
and pain.® To achieve this, Wilk et al. described the
evaluation broken down into the osseous struc-
tures, capsular structures, and muscular structures
of the shoulder joint complex.® For example, there
may be osseous adaptations (increased retrover-
sion), posterior musculature tightness, posterior
capsular tightness, and even altered scapular posi-
tion. The complex interplay of these three elements
in overhead throwing athletes can lead to motion
adaptations that may differ from the normal popu-
lation. Once the offending pathology is identified,
the rehabilitation program must be multi-phased

and sequential. Each phase becomes more aggres-
sive and demanding, gradually re-introducing the
functional demands of the overhead athlete’s sport
requirements. A successful rehabilitation program
focuses on intermuscular balance, strength, endur-
ance, neuromuscular control, and dynamic stability.
Furthermore, a successful program should include
attention to all elements of the kinetic chain, from
lower body and core strengthening to hip and knee
range of motion (ROM).” Successful return to sport
relies upon completion of a comprehensive, super-
vised rehabilitation program with an emphasis
on constant communication between the athlete,
coaches, and clinicians. Return to play (RTP) deci-
sions should be weighted heavily on subjective mea-
sures discerned from this communication, as well
as objective measures of ROM, muscular strength,
balance, and function.? As always, individual clinical
judgment and understanding of the athletic context
(demands, time of season, etc.) are encouraged.

PHYSICAL EXAMINATION

A thorough physical examination is an essential com-
ponent of the evaluation of the thrower’s shoulder.
If a complete physical examination of the shoulder
cannot be performed due to pain and inflammation
associated with injury, the examination should be
deferred until adequate control of pain and acute
inflammation is achieved. Once pain has improved, a
thorough physical examination should be conducted
focusing on areas of tenderness, ROM deficits, and
strength limitations.® Further, the physician, physi-
cal therapist, or athletic trainer should look for con-
comitant pathologies and functional deficits in all
segments of the kinetic chain.?

Nonoperative Rehabilitation

After a thorough history and physical examination
are completed, rehabilitation programs should pay
special attention to: (1) rotator cuff strength and
endurance abnormalities (isolated and intermuscu-
lar balance), (2) correcting ROM deficits, (3) optimiz-
ing scapulothoracic joint stabilization and shoulder
flexibility, and (4) progressively and systematically
re-introducing functional sport-specific stresses on
the overhead athlete.? The four phases of nonoper-
ative treatment will be addressed in the following
pages, and are summarized in Table 1.
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Table 1. Return to throwing (4 phases)

Phases Benchmark — When to Begin Goals
1. Address acute inflammation/pain
2. Evaluate and normalize ROM
. .. deficits
Phase 1 Immediately after injury 3. Impede muscle atrophy
4. Restore proprioception
5. Begin kinetic chain exercises
1. Re-establish inter-muscular
balance in glenohumeral and
Once pain and inflammation scapl}lothoramcpln@ .
o 2. Continue Phase 1 activities for
diminish, and neuromuscular . g
Phase 2 . o range of motion, flexibility, and
control and static stability reach
adequate levels neuromuscular control
9 3. Further kinetic chain program
and start a conditioning
program
1. Initiate aggressive strengthening
Athlete has achieved full active and drills
. 2. Enhance power and endurance
passive ROM, at least 4/5 manual . . .
Phase 3 . . 3. Begin athlete specific functional
muscle test strength, minimal pain, drills
and symmetrical capsular mobility 4. Initiate aggressive kinetic chain
and conditioning programs
The athlete completes satisfactory
clinical examination; non-painful 1. Return functional sport and
ROM; satisfactory isokinetic test position specific demands on the
Phase 4 . e
results; appropriate rehabilitation athlete
progress; and completed a
successful plyometric program
ROM - range of motion

Phase 1 - Acute Phase

The primary goal of Phase 1 is to address acute
inflammation and pain if present. Once this is com-
plete, stretching treatment for shoulder ROM deficits
and scapulothoracic joint abnormalities (dyskine-
sis) can begin. Also, important at the early stages
of rehabilitation is attention to the upstream com-
ponents (legs, core, spine) of the kinetic chain. The
key components of Phase 1 of rehabilitation will be
outlined in this section.

PAIN/INFLAMMATION

Introduction of an acute subacromial pain stimulus
demonstrated a 22.7% decreased infraspinatus elec-
tromyography (EMG) activity with a corresponding
decrease in external rotation (ER) force of 32.8% in
healthy patients.'® Stackhouse et al. found that exper-
imental subacromial pain elicits a decline in force
and activation of the infraspinatus.’® Although inter-
nal impingement is a much more common reason for
pain compared to external (subacromial) impinge-
ment in the overhead throwing athlete, these find-
ings suggest a relationship between pain and proper

recruitment of rotator cuff muscles. Management of
pain is necessary to obtain optimal performance in
the throwing motion. During the initial stage of treat-
ment, an athlete may be prescribed oral nonsteroidal
anti-inflammatories drugs (NSAIDs) and/or cortico-
steroid injections." For the high-level throwing ath-
lete, steroid injections have demonstrated greater
improvement in shoulder function and decreased
pain levels, without increased risk of complications
at four to six weeks as compared to NSAIDS.'* Adju-
vant treatments for pain relief can be accomplished
using ice, low-level laser therapy,' ultrasound, and
iontophoresis,*'* however the long-term efficacy of
these modalities in the acute phase of rehabilitation
has yet to be defined.® There is Level-1 evidence sup-
porting use of continuous cryotherapy as an adjunct
to decrease inflammation by reducing intra-articular
temperatures, however these studies were performed
in the shoulders of patients who had undergone
arthroscopic shoulder surgery.'>'® After resolution
of acute inflammation, moist heat, warm whirlpool,
and ultrasound can be used to increase local circula-
tion and soft tissue extensibility of the shoulder joint
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complex.'” Functional stresses and strains placed on
the shoulder must be minimized by decreasing sport-
specific and non-sport specific workloads.

GLENOHUMERAL INTERNAL ROTATION
DEFICIT (GIRD) CORRECTION

Normal internal range of motion in overhead throw-
ing athletes averages anywhere from 36 to 62° in the
dominant shoulder and from 42 to 71° in the non-
throwing shoulder.?'®2* Several studies have demon-
strated that the dominant arm in throwing athletes, as
compared to the non-dominant arm, has a significant
decrease in internal rotation (IR) at the glenohumeral
joint.%*® One pathophysiological explanation for the
decreased IR is that a compensatory increase in ER is
believed to aid in creating maximum velocity during
the pitching motion.?** The resultant increase in ER
results in stretching of the anterior capsule and tight-
ening of the posterior capsule, resulting in loss of IR.
The significant loss of IR is referred to as glenohu-
meral internal rotation deficit (GIRD), and is defined
as a loss of IR of the throwing shoulder compared
to the contralateral non-injured shoulder, and gen-
erally is greater than 17°.%% A study of professional
pitchers over three seasons demonstrated higher
risk of injury in pitchers with GIRD, as compared to
pitchers without GIRD.? GIRD is associated with gle-
nohumeral instability, internal impingement, articu-
lar-sided partial rotator cuff tears, and SLAP lesions.

Alterations in osseous structures as well as poste-
rior shoulder muscular and capsular tightness are
hypothesized to contribute to changes in glenohu-
meral ROM.? Significant increase in humeral retro-
version in the throwing arm is often seen in overhead
athletes.!” The average side-to-side difference is 10 to
15°.% In an examination of 225 professional pitch-
ers, Noonan et al. demonstrated that pitchers who
sustained shoulder injuries had 4° less dominant
humeral retrotorsion compared with pitchers with-
out injury, and that pitchers with an elbow injury
displayed 5° greater humeral retrotorsion compared
with noninjured pitchers. These results suggest that
increased adaptive humeral retrotorsion is protec-
tive against shoulder injuries, but a harmful contrib-
utor for elbow injuries in the overhead athlete.?

The mechanism of posterior shoulder tightness
(PST) is not completely clear, though it is speculated

that it is derived from tight posterior muscles, such
as posterior deltoid, infraspinatus, and teres minor
muscles.” These muscles experience high eccentric
contractions during the IR of the throwing motion
to allow for deceleration and follow-through of the
arm.” Some authors suggest that the inflamma-
tion and scar formation from repetitive eccentric
contractions lead to a rise in passive muscle ten-
sion and loss of ROM.* Many studies have demon-
strated the efficacy of stretching to improve PST.*'3?
A systematic review of randomized controlled trials
of stretching techniques suggests the use of active,
passive, or muscle energy techniques (MET) in the
form of cross-body stretch with or without joint
mobilization (Figure 1A), improves PST and GIRD
for overhead athletes.**?* Patients without access to
the tool depicted in Figure 1A (The Rotater, Joint
Mechanix LLC, Salem, AL) or in cases where pain
or provocation is caused by this stretch, may accom-
plish the same stretch using the sleeper stretch (Fig-
ure 1B).%*3°

Pathogenesis of posterior capsular contracture
of the shoulder in the overhead athlete is associ-
ated with the follow-through motion in throwing.*
These repetitive forces on the posterior capsule are
believed to cause capsular hypertrophy, which lim-
its IR. Further, there is a strong association between
GIRD and posterior capsule tightness in patients
with internal impingement of the shoulder. If pos-
terior capsular tightness is present, there is also evi-
dence to support the use of sleeper stretches with
joint mobilization.?3¢3®

The overall treatment of GIRD in Phase 1 includes
examining the following deficits: decreased IR,
increased ER, posterior muscle and capsular tight-
ness, and determining osseous adaptations. This
is followed by aggressive employment of active-
assisted ROM, passive ROM, manual stretches, and
mobilization techniques to normalize motion. In the
author’s experience, acceptable levels of IR can be
expected to be obtained within about two weeks.

SCAPULAR FLEXIBILITY AND SOFT TISSUE
MOBILIZATTION

Scapular dyskinesis, or abnormal scapular control
due to imbalances of scapular musculature, is asso-
ciated with shoulder pathology.**° It is of particular
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Figure 1. Cross-body stretch (A) and modified sleeper stretch (B) used to correct GIRD and/or posterior capsular contracture.

concern in the overhead athlete, as scapular dys-
kinesis was found to have a 28% greater reported
prevalence in overhead athletes compared to non-
overhead athletes.* In overhead athletes, the
scapula often appears protracted, depressed, and
anteriorly tilted in relation to the contralateral scap-
ula.® An anteriorly tilted scapula with decreased
upward rotation is strongly associated with a loss of
IR.* Proper scapular muscle balance and flexibility
is important to couple movements into upward rota-
tion, posterior tilting, and adequate internal or ER
(depending on motion).? This is important to avoid
impingement and enhance proximal stability of the
shoulder joint complex to allow for greater distal
control, avoid instability, and thus prevent injury.

Management of the scapulothoracic joint focuses on
restoring flexibility of musculature of the scapula,
including the pectoralis minor, levator scapulae,
rhomboids, and the posterior capsular structures.?
Range of motion of the scapulothoracic joint should

be examined with scapular elevation-depression,
upward-downward rotation, anterior-posterior tilt-
ing, protraction-retraction, and medial-lateral rota-
tion. Evaluation of scapular muscles and pectoralis
minor length should also be performed.* Specific
stretches for the pectoralis minor may be performed
with the unilateral corner stretch, or alternatively
with the assistance of a physical therapist/athletic
trainer (Figure 2). Soft tissue mobilization tech-
niques are also recommended to treat scapulotho-
racic pathology (Figure 3A-C).?

Overall Phase 1 management of scapulothoracic
pathology includes addressing the following: correct-
ing posture, improving muscle strength of the lower
and middle trapezius, serratus anterior, and manag-
ing soft tissue tightness or pain.

IMPEDE MUSCLE ATROPHY
Isometric exercises of the internal and external rota-
tors of the shoulder should be initiated during phase
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Figure 2. Stretching of pectoralis minor with assistance of a
physical therapist/athletic trainer.

one to impede muscle atrophy, and improve proprio-
ception and dynamic stabilization.? Isotonic exercises
can be started if there is minimal muscle soreness dur-
ing phase 1 to impede muscle atrophy. However, if the
athlete is extremely sore or painful, then submaximal
isometric exercises are done instead, and later pro-
gressed to aggressive isotonic exercises during phase
two. This requires a focus on improving the strength
of the weak muscles, such as the external rotators and
scapular retractor, protractor, and depressor muscles.

PROPRIOCEPTION RESTORATION OF
INVOLVED SHOULDER

Neuromuscular feedback mechanisms, specifically
proprioception, become interrupted secondary to
trauma and microtrauma.* The repetitive forces of
the throwing motion predispose the overhead ath-
lete to losses in proprioception.* Proprioception
is important in rehabilitation and restoration of
pre-injury levels of performance for the overhead
athlete as it allows for awareness of body posi-
tion and movement to be performed without con-
tinuous reference to consciousness.** This allows
for a level of control which is necessary for later
strengthening, performance, and a reduced chance
of reinjury.

Proprioception of both the glenohumeral joint and
scapular stabilizers are the focus of Phase 1 man-
agement. Agonist/antagonist muscle coactivation
of the rotator cuff is emphasized through rhythmic
stabilization exercises, and proprioceptive neuro-
muscular facilitation (PNF) patterns with rhythmic
stabilization.® For the scapular stabilizers, Mottram
et al. described the “scapular orientation exercise”,
which involves sustained holds of the scapula in
ideal postural positions for 10 seconds, repeated 10
times.*®

3 L St

Figure 3. Scapulothoracic soft tissue mobilization techniques (A-C). A and B: Prone position. The left hand of the physical
therapist/athletic trainer lifts the scapula to distract from the thoracic wall while the right hand mobilizes and stretches the infe-
rior musculature attachments to the scapula C: Lateval position. The left hand pushes the coracoid process posteriorly to displace
the scapula from the thoracic wall while the right hand is distracting the inferior border of the scapula to stretch the inferior
musculature attachments
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KINETIC CHAIN DEFICIT EVALUATION

AND EARLY EXERCISE

Early implementation of kinetic chain exercises helps
prepare the body for later incorporation of intensive
shoulder and full body exercises.? Exercises should
be designed with the movement of the overhead-
throwing athlete in mind. Common potential deficits
to examine include: (1) inflexibilities of the ham-
strings, hip, and/or trunk, and (2) core musculature
weakness. Lightweight isotonic exercises should be
first attempted (e.g. active straight leg raise, oblique
crunch, and side lying hip abduction), but if sore-
ness is present, then submaximal isometric exercises
should be employed (e.g. side plank, gluteal bridge,
and dynamic stability tasks in quadruped and prone
using the arms and legs as levers). Kinetic chain
exercises include core, lower body, and axial loading
exercises, which are also beneficial in restoring pro-
prioception. Gait and stance adaptations have been
shown to exist in overhead throwing athletes with
upper extremity injury as evaluated by the Y Balance
Test.*” In theory, poor balance could negatively affect
throwing mechanics and lead to injury. Fortunately,
correction of upper extremity deficits has also shown
to improve lower extremity balance.*®

Phase 2 - Intermediate Phase

Goals of Phase 2 are to begin isotonic strengthen-
ing activities focused on restoration of shoulder joint
muscle balance if unable to do so in Phase 1, and to
continuetoincrease flexibility, mobility, ROMandneu-
romuscular control of the shoulder complex.!” These
strengthening activities should focus on correcting

the individual pathology determined during Phase
1 evaluation. Continued exercises for the entire
kinetic chain, and an introduction of shoulder endur-
ance programs are recommended. Phase 2 can begin
once pain and inflammation diminish, and neuro-
muscular control and static stability reach adequate
levels (Table 2). The rehabilitation program for the
overhead athlete must pay special attention to the
strength, stability, and inter-muscular balance of the
muscles of the rotator cuff and scapulothoracic joint.

Glenohumeral joint musculature (rotator

cuff muscles)

Overhead athletes often exhibit sport-specific adap-
tations leading to a relative decrease in the strength
of'the external rotators and thus muscular imbalance
in the rotator cuff.*® Eccentric muscle strength of
the external rotators is very important in the decel-
eration of the arm, and weakness predisposes the
athlete to increased destabilization of the humeral
head in the glenoid fossa, and potential injury. Mus-
cular balance goals for external and internal rotator
strength are provided in Appendix A.

Exercises begin with light weight but should be grad-
ually increased as tolerated. Wilk et al. used EMG
research of numerous investigators to design the
Thrower's 10 Program, which attempts to address
the vital muscles involved in the throwing motion.*
Exercises in the program used to address ER deficits
include prone rowing into ER and side lying ER. Spe-
cifically, these exercises target the infraspinatus and
teres minor muscles. For the supraspinatus, Reinold
et al. reported that the best exercise was the “full

Table 2. Phase 1 — Acute phase

Goal

Treatment Plan

. Address acute inflammation/pain

. Evaluate and normalize ROM
deficits

. Impede muscle atrophy

. Restore proprioception

5. Begin kinetic chain exercises

N —

~ W

. NSAIDs/steroid administration, ice, laser

therapy, and iontophoresis

. Assisted active range of motion, passive

range of motion, and manual stretches;
correct posture, and employ the unilateral
corner stretch for pectoralis minor
tightness; soft tissue mobilization

. Isometric shoulder exercises
. Rhythmic stabilization with and without

PNF patterns: facilitates
agonist/antagonist muscle coactivation

. Lumbopelvic strengthening (likely

isometrics)

ROM - range of motion, NSAID — nonsteroidal anti-inflammatory drug,
PNF - proprioceptive neuromuscular facilitation
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can” exercise, or elevation in the scapular plane with
full ER (thumb up).*® Boettcher et al. found that pen-
dant ER and prone ER may maximize supraspinatus
strengthening while minimizing deltoid activity.®
Malanga et al. found that selective isolation of the
supraspinatus is difficult and that both prone exer-
cises and exercises in the scapular plane result in
recruitment of the posterior and anterior deltoid
fibers, respectively.®

SCAPULAR STABILIZERS

Peri-scapular muscles are extremely important in
maintaining the proper position, and stability of the
scapula at rest and during the throwing motion.>
Proper scapular function is also key in facilitating
the transfer of energy from the main force genera-
tors of the kinetic chain - the legs and trunk - to
the hand.! Re-establishing inter-muscular balance of
the scapular musculature is important in preventing
injury as well as optimizing performance.

Exercises should target potential weakness in serratus
anterior strength, hyperactivity and early activation of
the upper trapezius, decreased activity and late acti-
vation of the lower trapezius, neuromuscular control,
and synchronized movement.> Kibler et al. identified
specific exercises for scapular control including the low
row, lawnmower (the arm is brought to the contralateral
knee and retracted back through with full retraction of
the scapula to the ipsilateral side and extension of the
hips and trunk), and robbery (the trunk is flexed 40-50°
with the arms forward flexed, then scapular retraction
is performed, with elbows bent and arms externally
rotated and held for five seconds while extending the
hip and trunk) exercises.>® Wilk et al. developed specific
exercise drills to enhance scapulothoracic neuromuscu-
lar control.>® For the serratus anterior, supine protrac-
tions and wall push-ups are recommended.”” To target
middle and lower trapezius activation while minimiz-
ing upper trapezius activation, side lying ER, prone for-
ward flexion, prone horizontal abduction with ER, and
prone extension are recommended.*

CONTINUE ROM, FLEXIBILITY, AND
IMPROVE NEUROMUSCULAR CONTROL

Phase 1 stretches and exercises for ROM, flexibility,
and neuromuscular control should be continued
during this phase. To increase neuromuscular con-
trol, stabilization drills at end ROM, including PNF

exercises performed in a full arc of patient’s avail-
able ROM should be added.®

STRENGTHENING OF KINETIC CHAIN AND
CONDITIONING

Proper management of the kinetic chain in a reha-
bilitation program allows for efficient and consistent
transfer of energy from proximal to distal compo-
nents. This allows the overhead athlete to: (1) reduce
kinetic stress on the shoulder to prevent injury, and
(2) generate added force to increase maximum veloc-
ity and increase performance.! For the overhead
athlete, the activities of the shoulder work within
a diagonal pattern kinetic chain, spanning from the
ground through to the trunk. Exercises should be
designed from diagonal patterns as this has shown
to increase scapular muscle activity.® In Phase 2,
exercises should advance to isotonic strengthening
of the lumbopelvic musculature (Table 3). A sport
and position-specific cardiovascular conditioning
program should begin during this phase.®

Phase 3 - Advanced Strengthening Phase

Phase 3 can begin once the athlete has achieved full
ROM, at least 4/5 manual muscle test strength, and
minimal pain.'” The goals are to initiate progressive
strengthening drills, enhance power and endurance,
and perform functional drills (Table 4).° In Phase 2,
inter-muscular imbalances should have been cor-
rected and more protective muscle balance should
now be seen. The focus of Phase 3 is to actively
advance strength and control during sport and
position-specific movements through integration of
the kinetic chain throughout the shoulder exercise
program.

Phase 3 requires introduction of fatiguing activi-
ties for the shoulder joint complex and rest of the
kinetic chain. A study examining EMG activity of
the muscles of the rotator cuff and scapula during a
diagonal movement task demonstrated that fatigu-
ing protocols led to decreased lower trapezius activ-
ity and a compensatory increase in infraspinatus
activity, predisposing the infraspinatus to injury
during functional tasks.*® Fatigue has been associ-
ated with a decrease in neuromuscular control,®® ER
and ball velocity, lead lower extremity knee flexion
and shoulder adduction torque,® and an increase
in humeral head superior translation during the
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Table 3. Phase 2 - Intermediate phase

Goal

Treatment Plan

1. Re-establish inter-muscular balance in
glenohumeral and scapulothoracic joints

2. Continue phase 1 activities for range of
motion, flexibility, and neuromuscular
control

3. Further kinetic chain program and start a
conditioning program.

. Thrower’s 10 Program (prone rowing

. Phase 1 stretches and add on

. Isotonic strengthening of lumbopelvic

into ER, side lying ER, “full can” exercise)
For scapulothoracic articulation employ
low row, row with external rotation
(“lawnmower”), and external rotation with
abduction (“robbery” position) for scapular
control; supine protractions and wall
push-ups for serratus anterior strength; side
lying ER, lying forward flexion, prone
horizontal abduction with ER and prone
extension for middle and lower trapezius

stabilization drills at end range of
motion

region and a sport and position specific
conditioning program

ER — external rotation

Table 4. Phase 3 - Advanced strengthening phase

Goal

Treatment Plan

. Initiate aggressive strengthening drills

. Enhance power and endurance

. Begin athlete specific functional drills

. Initiate aggressive kinetic chain and
conditioning programs

AW~

N —

. Advanced thrower’s 10 program
. Plyometric exercise program (chest

. Manual resistance stabilization, dynamic

. Functional, aggressive lumbopelvic

pass, overhead soccer throw, side-to-
side throws, side throws); wall

dribbling with playball, wall arm circles,
underweight ball throws, and
overweight ball throws

stabilization, and rhythmic stabilization
at maximal ER with added perturbations

strengthening

ER — external rotation

throwing motion.®* All these factors contribute to
diminished performance, and a greater likelihood
of injury. Proprioception exercises that focus on
strength, dynamic stability, and neuromuscular
control exercises at end-range ER should also be
introduced during Phase 3. Some examples of pro-
prioceptive exercises which focus on axial loading
include planks, shoulder ER in plank position, and
hand on wall stabilization drills.5

SPORT-SPECIFIC ADVANCED
STRENGTHENING

To maintain focus on the vital muscles of the throw-
ing motion, and implement increasing sport-specific
demands, Wilk et al. created the Advanced Throw-
er’s 10 Program, which adds alternating movement
patterns, and alternating dynamic and sustained

hold sequencing.” The introduction of sustained
isometric holds has been shown to increase motor
recruitment. Evidence supports that sustained iso-
metric contractions can lead to increased muscular
hypertrophy.®® These ideas led to the suggestion
that incorporating sustained isometric holds, as
done in the Advanced Thrower’s 10 Program, will
increase muscle activation and lead to added mus-
cular strength, endurance, and dynamic stabiliza-
tion. Further, sustained contraction increases the
demand on the shoulder, preparing the athlete for
return to sport. In a recent randomized clinical trial,
Myers et al. demonstrated improved upper extrem-
ity torque and angular impulse during scaption exer-
cises after completing six-weeks of the Advanced
Throwers 10 Program, though there were no signifi-
cant differences compared to a traditional exercise
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program.®® All exercises in the Advanced Thrower's
10 Program are designed to be performed in 3 sets of
10 repetitions.*

PLYOMETRICS

Plyometric exercises have three stages: (1) high
velocity eccentric contraction (pre-stretch), (2) stor-
age of the elastic energy (amortization), and (3)
release of the kinetic energy in a powerful concen-
tric contraction.®® This type of exercise is believed
to encourage neuromechanical adaptations to allow
the muscle to tolerate a higher rate of pre-stretch and
transition more quickly to concentric contractions.®
These adaptations to the muscle alter the kinematic
risk factors for injury, while leading to added perfor-
mance by increasing the transfer of energy from the
lower extremities and trunk to the upper extremity.

Because of the added risk of injury found in weak
eccentric activity of the rotator cuff musculature,
plyometric exercises target eccentric contractions of
the posterior musculature and are believed to pro-
vide added protective benefit to the overhead ath-
lete.’* Wilk and colleagues established a plyometric
exercise program for the overhead thrower.®® Some
of these exercises include two-handed exercise drills
like chest pass, overhead soccer throws, side-to-side
throws, and side throws. A recent study demonstrated
decreases in eccentric, amortization, and concentric
phase times for both plyometric and strength train-
ing groups and increases in scapular upward rotation
for both groups, providing objective evidence for the
effectiveness of these strengthening exercises in pro-
ducing upper extremity protective and performance
benefits.® Further, the addition of plyometrics demon-
strated an increase in shoulder passive IR ROM.** The
shortened amortization phase is believed to increase
power development by increasing stored elastic
energy and subsequent kinetic energy released, and
reduces shoulder injury by limiting the amount of

time that the shoulder is in potentially harmful posi-
tions - abduction and maximum ER.%

Fatigue is a major risk factor for injury in the over-
head athlete. Studies have shown that muscle
fatigue is the leading factor predisposing the Little
League pitcher to shoulder injury while pitching.®
Additional non-plyometric exercises than can aid in
improving endurance include exercise drills which
include wall dribbling with a plyometric ball, wall
arm circles, and underweighted and overweighted
ball throws.°

Increases in maximal ER are believed to have perfor-
mance benefits in the form of increased velocity.>*
In Phase 3, manual resistance stabilization, dynamic
stabilization, and rhythmic stabilizations should con-
tinue to be performed, but now at maximal ER, and
with added perturbations. Kinetic chain consider-
ation focused on lower body, core, and axial loading
exercises should continue to be prescribed as well.
The conditioning program should be increased, with
the continued understanding of fitness demands
required for a particular position and sport in mind.

Phase 4 - Return to Throwing Phase

Phase 4, the interval-throwing program, is initiated
once the athlete completes: (1) satisfactory clinical
examination; (2) non-painful ROM; (3) satisfactory
isokinetic test results if such testing is available;
(4) appropriate rehabilitation progress; and (5) suc-
cessful completion of a plyometric program.® The
interval-throwing program is broken into two stages,
with strict adherence to proper throwing mechanics
and fundamentals necessary to progress within each
phase and between each phase (Table 5). Improper
use of throwing mechanics or the kinetic chain may
result in delays in recovery or re-injury.” Through-
out Phase 4, open communication is key to ensure
that there is no pain or stiffness during the throwing

Table 5. Phase 4 — Return to throwing phase

Goal

Treatment Plan

Return functional and sport specific
demands on the athlete

AW N —

. Interval throwing program

. Stage 1 - pre-mound throwing

. Stage 2 (pitchers) = Mound throwing
. Stage 2 (position players) = Distance

throwing
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Table 6. Stages of return to throwing

Initial objectives

Goals

Stage 1 — Pre-Mound
Throwing

Day 1: 25 throws max at 20-
45

Long-toss program; progress
distance 45, 60, 90, and 120’
150’ goal for pitchers

Stage 2 (Pitchers) —
Mound Throwing

Start at 45” on mound;
fastballs 50% max velocity;
continue to increase number
of pitches and distance

Modulating pitch velocity
75%-100%, breaking balls
only once fastballs and
changeups can be thrown

Stage 2 (Position
Players) — Distance
Throwing Phase

Focus on mechanics with
progression to accuracy

Interval distance progression:
120, 150, 180’

Rest/Off-Day

Engage in activities similar
in difficulty and intensity to
exercises in phase 2

Keep shoulder loose,
minimize soreness; 10-
minute toss session

motion, and only minimal soreness exists after a
throwing session. Any significant pain, or pain deep
in the shoulder during the throwing motion warrants
halting of all exercises for that day and reassessment
on a later date for return to the throwing program.

During the throwing motion, proper employment of
the kinetic chain in the form of a “gathering step”
and conscious use of the legs and trunk should be
enforced, especially early in the long-toss program.’
Throws should be made “on a line” rather than in a
“high arc”, and a four-seam fastball grip should be
used. Care should be taken early on to ensure throws
are made with submaximal effort.”® Although histor-
ically a long-toss program is implemented, a recent
survey study has shown there is a high level of vari-
ability in parameters used in professional athletes
for the long-toss program.” Until completion of the
program, throwing activities should be performed
every other day, with successful completion of three
throwing days warranting advance to the next level.
Position considerations and an understanding of the
context of the athlete’s season should be taken in the
individual design of an athlete’s program.

See Table 6 for detailed stages of return to throwing.

RETURN TO PLAY (RTP)

Return to play (RTP) is an important decision for
getting the athlete back to his/her sport. The deci-
sion should be made only after careful discussion
between the physical therapist/athletic trainer, sur-
geon, and player. These decisions can be compli-
cated by athlete and coaching preferences, as well

as external pressures.” Previous injury is associated
with up to four-fold increase in re-injury.”? RTP deci-
sions should always be individualized, and require
substantial clinical judgment, though there has been
a trend in the literature to try and standardize some
of these decisions.””

Matheson et al. described the RTP model, which
describes three steps that the clinician should take
to systematically approach individual components
and their sequence in RTP decisions.” The first step
is an evaluation of the athlete’s health status, which
includes analytic and functional tests to determine
medical factors. Appendix A outlines objective crite-
ria to consider in assessing health status.® The sec-
ond step is a consideration of sport risk modifiers,
with the goal of evaluating the athlete’s participa-
tion risk given the sport, position, and competitive
level of the athlete. The third step involves a con-
sideration of external modifiers, including social or
economic pressures, and timing in the season. While
this system helps to decrease controversy and pro-
vide a framework for consideration of all aspects of
RTP, individual considerations and clinical judgment
cannot be overemphasized in RTP decisions.

CONCLUSIONS

This clinical commentary presents the current
hypotheses on pathophysiology of throwing injuries
that occur in the overhead athlete and provides evi-
dence-based guidelines for conservative treatment.
Rotator cuff muscular abnormalities, glenohumeral
internal rotation deficits, and scapulothoracic joint
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pathology contribute to the distinct shoulder com-
plex pathologies seen in these athletes. A thorough
history and physical examination are important
for the rehabilitation specialist to accurately recog-
nize the underlying cause of the pathology of an
individual. The rehabilitation program should be
multi-phased, and sequential, with a gradual rein-
troduction of sport-specific demands. RTP decisions
should weigh subjective assessment as well as objec-
tive measures of ROM, strength, and function.
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Appendix A. Objective measures of ROM, muscular strength and

balance, and function

Structural Consideration

Criteria

Glenohumeral Joint Range of Motion

IR ROM deficit of throwing arm < 18° (for
maximal protection)

NOTE: no consensus (values in the
literature range from 18° to 25°)

Rotator Cuff Strength

1. Isokinetic ER/IR ratio of 66 % or an
isometric ER/IR ratio of 75-100 %

2. General rotator cuff strength increase of
10 % of the dominant throwing side
compared to the non-dominant side

3. Eccentric strength of the ER is equal to
the isometric IR strength

Scapular Position and Muscle Strength

Position: 60° of upward rotation in full arm
elevation

Strength: 10 % increased strength of peri-
scapular musculature on the dominant side
in one-handed sports

Pectoralis Minor Tightness

PMI* > 7.65

IR — internal rotation, ER — external rotation,
normalized based on body height.

PMI - pectoralis minor length

*PMI is calculated by dividing the resting length of the muscle in centimeters by
subject height in centimeters and multiplying by 100.

Appendix B. Physical examinatio

n

Subjective History
Observation/inspection
Palpation

1. Osseous structures (SC joint, AC
joint, clavicle, acromion, coracoid,
bicipital groove, scapula)
Assess musculature: RC, deltoid,
rhomboids, trapezius, serratus
anterior, pectoralis minor

Range of Motion (Active and Passive)
1. Glenohumeral motion
2. Scapulothoracic motion

3. Crepitus
Motor Strength

1. Glenohumeral

2. Scapular

3. Arm/Forearm

Specific Maneuvers
1. Impingement signs
(Neer/Hawkins, cross-chest
adduction, internal impingement)

2. Stability Tests (Sulcus sign,
relocation test, etc.)

3. Special Tests, Biceps (Speed’s,
Yergason’s)

4. Special Tests, SLAP (Clunk,

O’Brian’s active compression,
Biceps load, Lemak, Pronated
biceps load, etc.)

Neurologic Examination
Cervical Spine Examination
Performance Testing

1. Isokinetic and motion analysis
testing
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