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ABSTRACT
Background: Researchers have demonstrated moderate evidence for the use of exercise in the treatment of subacro-
mial impingement syndrome (SAIS). Recent evidence also supports eccentric exercise for patients with lower extrem-
ity and wrist tendinopathies. However, only a few investigators have examined the effects of eccentric exercise on 
patients with rotator cuff tendinopathy. 

Purpose: To compare the effectiveness of an eccentric progressive resistance exercise (PRE) intervention to a con-
centric PRE intervention in adults with SAIS.

Study Design: Randomized Clinical Trial

Methods: Thirty-four participants with SAIS were randomized into concentric (n = 16, mean age: 48.6 ± 14.6 years) 
and eccentric (n = 18, mean age: 50.1 ± 16.9 years) exercise groups. Supervised rotator cuff and scapular PRE’s were 
performed twice a week for eight weeks. A daily home program of shoulder stretching and active range of motion 
(AROM) exercises was performed by both groups. The outcome measures of the Disabilities of the Arm, Shoulder, and 
Hand (DASH) score, pain-free arm scapular plane elevation AROM, pain-free shoulder abduction and external rota-
tion (ER) strength were assessed at baseline, week five, and week eight of the study.

Results: Four separate 2x3 ANOVAs with repeated measures showed no significant difference in any outcome measure 
between the two groups over time. However, all participants made significant improvements in all outcome measures 
from baseline to week five (p < 0.0125). Significant improvements also were found from week five to week eight (p < 
0.0125) for all outcome measures except scapular plane elevation AROM. 

Conclusion: Both eccentric and concentric PRE programs resulted in improved function, AROM, and strength in 
patients with SAIS. However, no difference was found between the two exercise modes, suggesting that therapists 
may use exercises that utilize either exercise mode in their treatment of SAIS.

Level of evidence: Therapy, level 1b 
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INTRODUCTION
Disorders of the shoulder complex; which includes 
the clavicular, scapulothoracic, and glenohumeral 
articulations, have been suggested to be the third 
most common cause of musculoskeletal consulta-
tion in primary care with the most common shoul-
der diagnosis being subacromial impingement 
syndrome (SAIS).1-3 Moderate evidence supports 
the use of therapeutic exercise in the treatment 
of SAIS.4-8 More specifically, the results of exer-
cise intervention studies targeting the rotator cuff 
and scapular muscles demonstrate significant pain 
reduction and functional improvement in the short 
term, as well as functional improvement in the long 
term in patients with SAIS.7,9,10 However, these stud-
ies of interventions for SAIS have used a wide vari-
ety of types and modes of exercises, mostly using 
concentric and eccentric contractions with elastic 
bands, machine weights, and free weights.11-16 Fur-
thermore, the authors of those studies compared 
their exercise programs to other treatment modali-
ties such as injections, surgery, and manual therapy 
or have compared supervised versus home exercises 
programs, but none compared types of resistive 
exercises to determine which is most effective in the 
treatment of SAIS. 

Studies of rotator cuff and knee extensor muscles 
in asymptomatic individuals and rat tendons have 
demonstrated greater cross-sectional area, increased 
fascicle length, greater neuromuscular activation, 
greater strength and peak torque, increased tendon 
collagen synthesis, and stabilization of angiogen-
esis with eccentric exercise.17-23 Based on these find-
ings, clinicians are increasing their use of eccentric 
exercise in the treatment of tendinopathies. Recent 
studies by investigators who have used eccentric 
exercise in treatment of Achilles, patellar and wrist 
extensor tendinopathy have demonstrated greater 
pain reduction and improvement of function than 
concentric exercise.24-28 

Three case series have been performed that exam-
ine the effect of eccentric exercise on patients with 
SAIS and have shown favorable outcomes, such as 
pain reduction and functional improvement when 
the eccentric exercises were included in the treat-
ment plan.29-31 Furthermore, Maenhout et al found 
increased shoulder abduction strength when adding 

an eccentric full can exercise to concentric-eccen-
tric internal and external rotation (ER) exercises in 
a randomized clinical trial (RCT). However, no addi-
tional benefit was found for pain reduction or func-
tional improvement.32 To the authors’ knowledge, 
no studies specifically have compared concentric 
and eccentric exercises in patients with SAIS. There-
fore, the purpose of this study was to compare the 
effectiveness of an eccentric progressive resistance 
exercise (PRE) intervention to a concentric PRE inter-
ventions in adults with SAIS. 

METHODS

Participants
An a-priori power analysis was conducted using 
G*Power version 3.1.2 to estimate the sample size 
required to find statistically significant differences 
with a desired level of power set at 0.80 and an 
α-level at 0.0125.33 Effect sizes of 0.55 to 1.06 were 
found in previous studies that investigated shoulder 
function using the Disabilities of the Arm, Shoulder, 
and Hand (DASH) as an outcome measure in per-
sons with adhesive capsulitis, post acromioplasty, 
and impingement.34-36 However, a medium effect size 
of 0.25 was used for this study as a conservative esti-
mate because the current study protocol included 
two exercise interventions and had no true control 
group which would likely result in a smaller effect 
size. An estimate of 38 participants, 19 participants 
per group, was required to ensure adequate power 
for an ANOVA with repeated measures.

Fifty-five patients who were at least 18 years old and 
who had shoulder pain were recruited for this study 
from an urban, hospital-based, outpatient rehabili-
tation center. Once patients agreed to participate 
in the study, they were asked to read and sign an 
informed consent in accordance with Institutional 
Review Board (IRB) requirements. Participants were 
excluded if they had a history of shoulder, cervical, 
or thoracic surgery, shoulder dislocation, fracture, 
labral tear, full-thickness rotator cuff tear, adhesive 
capsulitis, rheumatic disease, pregnancy or medi-
cal condition that precluded them from performing 
resisted exercises. Participants who had pain level at 
or higher than 7/10 on the numeric pain rating scale 
(NPRS) were excluded from the study as this level 
of pain indicated a shoulder condition not likely 
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to respond to exercise alone. Screening evaluation 
was performed by the primary investigator (PI), a 
licensed physical therapist and orthopaedic clini-
cal specialist with over 22 years of experience. The 
screening evaluation included the Neer, Hawkins-
Kennedy, and coracoid (i.e. cross-body) adduction 
impingement tests to confirm their impingement 
symptoms.37 The infraspinatus test, drop arm test, 
and “empty can” tests were used to rule out patients 
with a full thickness rotator cuff tear.37 Eligible par-
ticipants were the patients who had at least one posi-
tive impingement test and one negative rotator cuff 
tear test. Participants with three positive rotator cuff 
tear tests were likely to have a full-thickness rotator 
cuff tear, and were excluded from the study. After 
the screening examination, 38 out of 55 participants 
were eligible for the study. 

Examiners and Treating Therapist
Seven examiners participated in the collection of 
outcome measurements. The examiners included 
four licensed physical therapists, two second-year 
physical therapy doctoral students, and one licensed 
occupational therapist. The licensed clinicians aver-
aged over 20 years of experience and included two 
certified hand therapists and two doctors of physical 
therapy. Prior to data collection, the PI met with the 
examiners and familiarized them with the testing 
protocol. The PI was the treating physical therapist 
for all participants.

Outcome Measures
Once participants were determined to be eligible 
for the study, they underwent a baseline outcome 
measure assessment. The baseline and follow-up 
outcome measurements were assessed by an exam-
iner who was blinded to the treatment group. The 
same examiner performed three testing sessions 
with each participant; at baseline, at week five, and 
at week eight. Participants were asked to stop taking 
pain medication four hours prior to their appoint-
ment on outcome assessment days to ensure accu-
rate assessment of their pain-free range of motion 
and strength. However, participants could take their 
pain medications as prescribed by their physician at 
all other times during the study. Each participant 
completed a baseline NPRS rating and the DASH 
functional outcome measure. As shown in Figure 1, 

participants also were assessed for pain-free AROM 
of arm elevation in the scapular plane using a digi-
tal inclinometer in sitting following the method 
described by Kolber et al.38 Two trials of AROM mea-
surements were recorded and the mean value of the 
two measurements was used for data analysis.

Isometric strength for shoulder abduction and ER 
was assessed using an Accuforce Cadet hand-held 
dynamometer (HHD) (Ametek Incorporated M 
& G Division, Largo, Florida). Both motions were 
tested in supine to minimize the effect of differing 
limb weight of participants. Abduction and ER were 
tested with the shoulder in 90° of abduction and 90° 
of elbow flexion.39 Resistance was applied perpen-
dicular to the distal humerus just above the lateral 
epicondyle for abduction and perpendicular to the 
dorsal distal forearm one inch proximal to the ulnar 
styloid for ER (Figures 2 and 3). Participants held the 
aforementioned positions as the examiner applied 
force through the dynamometer using the “make” 
test procedure with the participant building up to 
maximal tension in one to two seconds and continu-
ing to maintain the tension for four to five more sec-
onds.39,40 Two measurements were taken for each of 
the two strength tests, with a 30-second rest between 
the two measurements to allow for muscle  recovery. 

Figure 1. Arm scapular elevation inclinometer measurement
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The mean of the two measurements of each strength 
test was used for data analysis. The length of the limb 
from the lateral edge of the acromion to the lateral 
epicondyle and from one inch proximal to the ulnar 
styloid to the proximal olecranon was also recorded 
for calculating torque (N∙m). The four outcome mea-
surements (DASH score, AROM of scapular plane 
elevation, shoulder abduction strength and shoulder 
ER strength) were performed again at the end of five 
and eight weeks of the supervised interventions. 

Participant Allocation 
Once the baseline outcome measurements were 
completed, participants were randomly assigned 

to one of the two intervention groups using pre-
prepared, sealed folders. Figure 4 illustrates the 
CONSORT diagram for participant recruitment, ran-
domization and enrollment. One enrolled partici-
pant in the concentric group dropped out at three 
weeks due to an unrelated medical issue and was 
not included in the data analysis. Three additional 
participants in the concentric group withdrew after 
five weeks, one due to traveling out of state and two 
for financial and work conflict reasons. As a result, 
a total of 34 (91%) of the participants completed the 
8-week study and the final assessments, 16 in the 
concentric group and 18 in the eccentric group. An 
intention-to-treat analysis using the last observation 
carried forward method was performed for statistical 
analysis. 

Interventions
Both groups of participants completed a supervised 
PRE program two times a week for eight weeks. The 
first two weeks of the intervention involved both 
groups being familiarized with the exercise tech-
niques and equipment, as well as a submaximal rep-
etition maximum (RM) testing procedure in order 
to determine the resistance to be used during exer-
cise sessions. Familiarization involved two sessions 
of instruction and performance of each exercise 
with a light resistance that did not cause pain and 
instruction by the PI in correct exercise technique 
in pain-free ROM. The third week began the differ-
entiation of treatment intervention of the eccentric 
and concentric intervention groups using the resis-
tance predicted by the submaximal RM testing. Fig-
ure 5 illustrates the timing and flow of the exercise 
program and assessment sessions. Participants were 
instructed to perform only the exercises given as 
part of the study intervention and to avoid adding 
any new upper body activities until completion of 
the study. Participants also were informed that they 
were not to receive any other therapy or treatment 
for the involved shoulder during the study period. 

The exercises used in this study were chosen based 
on literature review of electromyographic (EMG) 
and biomechanical studies of exercises that optimize 
rotator cuff and scapular muscle recruitment.41-45 
The exercises included the seated “full can”, sidely-
ing internal rotation (IR), sidelying ER with towel 

Figure 2. Abduction strength measurement with dynamom-
eter

Figure 3. External rotation strength measurement with 
dynamometer
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roll, supine protraction, sidelying horizontal abduc-
tion, sidelying abduction, and prone shoulder exten-
sion in neutral rotation. All exercises (Appendix 1) 
were performed using a dumbbell, and were per-
formed in the participant’s pain-free AROM. The 
eccentric exercise group performed the lowering 
portion of the exercises with the therapist reposi-
tioning the weight to the starting position to avoid 
resistance during the lifting (concentric) portion 
of each exercise. The concentric group performed 
the lifting portion of the exercises with the therapist 
repositioning the weight to the start position to avoid 
resistance in the lowering (eccentric) portion of the 
exercise. The PI was the treating physical therapist 
for all participants and was not involved in the out-
come measure assessment in order to prevent bias of 
the results. Participant in both groups were given a 
home exercise program (HEP), consisting of pectora-
lis minor and posterior shoulder stretching, thoracic 
spine self-mobilization into extension, and pain-free 
AROM in flexion and abduction standing in front of 

a mirror to monitor for excessive scapular elevation. 
The primary purpose of the HEP was to address the 
soft tissue, joint, and capsular tightness commonly 
cited for contributing to poor scapular and glenohu-
meral biomechanics.46 Participants were asked to 
perform the HEP once daily on the days they did not 
exercise in the clinic, as well as part of the cool down 
exercises after clinic exercise sessions. In addition, 
participants were asked to keep an exercise log of 
their HEP performance, which was reviewed by the 
treating therapist at the end of each week to monitor 
compliance. This log was turned in at the comple-
tion of the study.

Repetition maximum assessment 
The repetition maximum (RM) assessment was 
used to standardize the procedure for determining 
an appropriate weight for our participants’ shoulder 
exercises. Because the study participants had shoul-
der pain and pathology a submaximal 20RM testing 
procedure was used in order to minimize strain on 

Figure 4. The CONSORT diagram
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the injured shoulder but still arrive at an appropriate 
exercise dosage using a standardized method. The 
commonly used 1 RM testing for healthy athletes 
would not be appropriate to use in patients with pain-
ful shoulders.47 Research has shown that the major-
ity of injuries occur during the 1RM testing, not the 
PRE program itself.48 In order to reduce the risk of 
injury during RM testing, it has been suggested that 
the actual 1RM be predicted using an equation estab-
lished from submaximal RM testing.47,49-51 In addi-
tion, it has been shown that older adults and novice 
exercisers require multiple assessments of the RM 
in order to obtain an accurate assessment.52-54 There-
fore, participants in the current study underwent 
the 20RM testing procedure twice in week two. The 

better of the two 1RM predictions was used to deter-
mine the training resistance. 

During the 20RM testing, the treating therapist ini-
tially selected a resistance that they anticipated 
would result in the participant’s inability to lift with 
correct form or “fail” between 10 and 20 repetitions. 
This resistance selection was informed by the thera-
pist’s observation of the participant’s exercise tech-
nique and muscle control during the familiarization 
sessions of week one. If the participant completed 
more than 20 repetitions at the chosen resistance, 
maintaining a speed of two to four seconds to lift and 
to lower, they rested for four minutes before trying 
again with a heavier resistance.47-55 The number of 

Figure 5. Procedure timing and exercise progression fl ow char
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repetitions completed in the “failure” set was used in 
the Kemmler, Lauber, Wassermann (KLW) formula 
to predict the 1RM for each exercise.47 The KLW for-
mula is (wi [0.988-0.0000584 ri3 + 0.00190 ri2 + 0.0104 
ri]) where wi is the load of measurement, and ri is 
the number of repetitions. This formula was shown 
to be an accurate predictor of 1RM across a number 
of repetitions up to 20.47 For each submaximal 20RM 
testing, a warm-up consisting of five minutes on the 
UBE followed by one set of ten repetitions at 50% 
of the testing resistance was performed prior to the 
first testing trial for each exercise. 

Exercise Progression
During the first session of week three, participants 
were instructed in the respective group exercises: 
either the concentric or eccentric portion of the 
training exercises. Both groups performed three sets 

of 12 repetitions of each of the seven intervention 
exercises at 70% of their newly predicted 1RM. Fig-
ure 5 illustrates the resistance training protocol and 
progression for each week of the study. If the train-
ing weight predicted by the formula fell between 
the dumbbell increments available in the clinic, 
the resistance was rounded down to the next clos-
est dumbbell weight. Because the outcome assess-
ments occurred again in the fifth and eighth week 
from enrollment, the submaximal 20RM testing 
was repeated at week four and at week six. Training 
resistance was adjusted in the sessions following the 
exercise testing sessions with participants perform-
ing three sets of 12 repetitions using resistance of 
70% of the new predicted 1RM. In the week imme-
diately prior to the next exercise testing session, the 
resistance was increased to 80% of the predicted 
1RM. 

Figure 5. (Continued)
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Table 1. Participant Characteristics and Outcome Measurements at Baseline

NPRS. Independent t-tests performed on the base-
line outcome measures, and the participants’ age 
and duration of symptoms data revealed no signifi-
cant differences between the groups. The descrip-
tive data for the outcome measures of DASH score, 
pain-free scapular elevation AROM, pain-free abduc-
tion torque, and pain-free ER torque are presented in 
Table 2. The mean DASH score at baseline for all par-
ticipants was 23.2 with the mean score improving in 
each of the subsequent time frames. Mean scaption 
AROM for all participants was 120 degrees indicat-
ing limited motion. The eight week mean improved 
to a functional 145 degrees. Abduction torque for all 
participants started at a mean of 18.7 N.m for all par-
ticipants and increased to a mean of 29.2 N.m at the 
end of the eight week intervention. Similarly, the ER 
torque for all participants improved from a mean at 
baseline of 12.8 N.m to a mean of 21.2 N.m by the 
end of the intervention. The results of the ANOVAs 
showed no significant interaction of treatment group 
by time for all outcome measures: (a) DASH score (p 
= 0.890), (b) arm elevation AROM (p = 0.373), (c) 
abduction torque (p = 0.421), and (d) ER torque (p = 
0.933). The main effect of time was significant for all 
four outcome measures (p < 0.001). Post-hoc analy-
ses revealed significant improvements for all of the 

STATISTICAL METHODS
The collected data was analyzed using SPSS Graduate 
Pack 22.0 (IBM Corp., Armonk, New York). Descrip-
tive statistics were performed to illustrate the partic-
ipant characteristics of gender, age, baseline DASH 
scores, baseline pain severity level, and duration of 
symptoms. Baseline age, DASH score, pain severity 
level, AROM, strength measurements and duration 
of symptoms were analyzed using t-tests (p = 0.05) to 
determine if differences between the groups existed. 
Four separate 2x3 analyses of variance (ANOVA) 
with repeated measures were used to compare each 
of the four dependent variables between the groups 
at baseline, and after five weeks and eight weeks of 
exercise intervention. The α was set at 0.0125 after 
the adjustment for each ANOVA to minimize type I 
errors. Post hoc comparisons (p = 0.05) were per-
formed when a significant difference was found.

RESULTS 
Table 1 summarizes the characteristics of the partici-
pants in each group at baseline. The mean age for 
all participants was near 50 years with a range of 23 
to 84 years. The mean symptom duration was just 
under two years. Baseline shoulder pain levels for 
all participants demonstrated a mean of 2.0 on the 
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reported for eccentric exercise when eccentric exer-
cise was used in the treatment of tendinopathy of the 
Achilles, patellar, and wrist extensor tendons.56-59 The 
aforementioned studies only assessed pain intensity 
and self-reported functional level, but did not assess 
strength or ROM. In addition, the eccentric exercises 
in the Achilles and patellar tendon studies were per-
formed daily into the painful ROM and using body 
weight resistance on a single limb. One wrist extensor 
study used isokinetic exercises and another released 
a twisted rubber bar. Therefore, a direct comparison 
could not be made as the exercise intensity, load, 
and frequency used in these studies were different 
from those used in the current study. Maenhout et 
al32 reported better shoulder abduction strength in 
the eccentric group after 12 weeks of intervention. 
However, similar to the findings of the current study, 
Maenhout et al32 did not find a significant difference 
in functional scores using the Shoulder Pain and 
Disability Index (SPADI). The difference in exercise 
resistance level and number of different eccentric 
exercises performed could account for the different 

outcome measures from baseline to week five (p < 
0.05), regardless of group assignment. All outcome 
measures except arm elevation AROM (p = 0.302) 
continued to show significant improvement from 
week five to week eight (p < 0.05). Figure 6 illus-
trates the results collected at baseline, week five and 
week eight for each of the four outcome measures.   

DISCUSSION
The results of this study revealed that there were 
no significant differences between the groups in 
strength, range of motion, or DASH scores, indicat-
ing that eccentric-based exercises were not more 
effective than concentric-based exercises for treating 
patients with SAIS. The results also revealed that the 
effect sizes were small for all four outcome measures: 
(a) DASH partial η2 = 0.002, (b) arm elevation ROM 
partial η2 = 0.024 (c) abduction torque partial η2 = 
0.030 and (d) ER torque partial η2 = 0.003. These 
small values of effect size can be attributed to the lack 
of differences between the groups. These findings 
are contrary to the better outcomes that have been 

Table 2. Outcome Measurements at Baseline, Week 5, and Week 8 assessments

Scapular
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ferent intensity than the eccentric group, as 70% 
of the concentric 1RM could have been easier to 
lower than to lift. Eccentric exercise in the training 
of healthy adults often involves supramaximal resis-
tance in order to elicit muscle strength and mass 
gains.23 Many studies of eccentric exercise effects 
in other tendinopathies have used resistance that 
placed participants above the pain threshold.31,57,60 
This approach is thought to have a greater effect on 
tendon properties and healing. However, the use of 
exercise beyond the pain threshold and use of supra-

findings in group strength differences between the 
current study and the Maenhout et al study.32 

The resistance load and volume of exercise in the 
current study was the same for both groups in terms 
of percentage of predicted 1RM used and number of 
sets and repetitions performed. Submaximal eccen-
tric resistance (70-80% of predicted concentric 1RM) 
was used to lessen the possibility of pain or injury 
during exercise in the participants. As a result, the 
concentric group may have been challenged at a dif-

Figure 6. Outcome measure result graphs for all participants at baseline, week 5 and week 8
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older adults who had no experience with resisted 
exercises. The inclusion of two sessions for exercise 
technique instruction and practice with light resis-
tance prior to exercise testing resulted in no injury 
from exercise testing, indicating that submaximal 
RM testing could allow therapists to safely predict 
each individual’s 1RM for each exercise. The pre-
diction formula and procedures used in this study 
could provide a standardize approach for determin-
ing a starting resistance when patients with SAIS are 
ready for PRE exercises. In addition, this process of 
standardized exercise progression resulted in signifi-
cant strength gains without increasing pain or caus-
ing injury. The methods used in the current study 
demonstrated appropriate exercise dosing to accom-
plish meaningful strength and functional gains in an 
efficient amount of time for patients with SAIS.

Limitations
There w ere several limitations in this study that 
may have impacted the findings. The use of dumb-
bell resistance as opposed to isokinetic resistance 
for the exercise intervention may have obscured 
significant differences in the outcome measures 
between the groups due to the inability to separate 
the concentric and eccentric phases as completely 
as one can with isokinetic exercise equipment. 
While the treating physical therapist in this study 
made every effort to isolate concentric or eccentric 
contractions performed by participants, it was not 
possible to completely prevent the participant from 
contracting their muscles or “helping” to perform 
the opposing contraction type during an isotonic 
free-weight exercise. The intention of the current 
study was to develop an exercise program that can 
be used in any physical therapy clinic with equip-
ment commonly found in the majority of facilities. 
Isokinetic equipment is more feasible for studies 
conducted in research facilities and is cost prohibi-
tive for many small community physical therapy 
facilities. Several EMG studies have indicated that 
sidelying exercises actually showed greater recruit-
ment of rotator cuff muscles with less recruitment 
of the deltoid and upper trapezius than prone lying 
exercises.42-44 The side-lying position was used in this 
study for horizontal abduction and external rotation 
as a result of the findings of the EMG studies and 
because the older patient population in the current 

maximal resistance are not feasible or reasonable for 
patients who have painful shoulders. Investigators 
who have examined the effects of eccentric exercise 
on muscles and tendons most recently suggest that 
the changes in the tissues are mainly due to resis-
tance training load and intensity rather than con-
traction type, thus challenging the clinical belief in 
the superiority of eccentric training over concentric 
training.61,62 Future studies should compare similar 
exercise loads and intensities of the same contrac-
tion type and match intensity levels of concentric 
and eccentric exercises more closely in order to 
obtain a better comparison.

The results of this study demonstrated a significant 
main effect of time on all four outcome measures, 
indicating that all participants (both groups) made 
significant improvements after eight weeks for all 
of the outcome measures. These findings agree with 
the findings of the other authors who used resistance 
exercise in the treatment of SAIS that resulted in 
improved function and improved strength.29-31 Post-
hoc analysis also revealed that all of the outcome 
measures demonstrated significant improvement 
from baseline to week five with the greatest change in 
scapular elevation AROM and function (DASH scores) 
occurring in that time frame. The mean improvement 
in the DASH scores exceeded the minimal clinically 
important difference (MCID) of 10 points by the week 
five assessment with only an additional three points 
improvement at week eight.34,35 From week five to 
week eight, all participants continued to make signifi-
cant improvements in all outcome measures except 
scapular elevation AROM. The findings of this study 
suggest that significant ROM and functional improve-
ments occurred primarily in the first five weeks of 
PRE treatment approaching normal limits in that 
time frame. Strength gains improved in that same five 
week time frame but continued to improve even after 
ROM and functional scores were no longer improving 
significantly. However, without a true control group, 
one cannot be certain if these improvements were 
due to our intervention or simply due to the normal 
course of the condition over time.

The use of a submaximal exercise testing protocol 
appears to be a safe method for selecting and pro-
gressing resistance for shoulder rehabilitation exer-
cises. Many of the participants in this study were 
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study had difficulty obtaining the prone position and 
stabilizing the trunk against a long resistance lever 
with prone exercises. The use of sidelying exercises 
for these motions may have impacted the recruit-
ment of the midscapular and posterior rotator cuff 
muscles. Another limitation of this study was lack 
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ment interventions. Because the participants were 
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Conclusion
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resulted in improved function, AROM, and strength 
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APPENDIX 1
Figures of Exercises used during interventions


