
ABSTRACT

Background: Although commonly prescribed, the evidence to support exercises therapy (ET) and conser-
vative management for the treatment of full-thickness rotator cuff tears (FTT) is equivocal. 

Purpose: The purpose of this systematic review of the literature was to determine the current level of 
evidence available for ET in the treatment of FTT and to provide a formal Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) Working Group of recommendation.

Methods: Five databases were systematically searched to evaluate the effectiveness of ET for FTT. Inclu-
sion criteria: experimental or observational studies of adults clinically diagnosed with FTT, or massive, or 
inoperable tears that contained a treatment group that received ET for FTT. Exclusion criteria included: 
history of surgical repair, concurrent significant trauma, neurological impairment, and level V studies. 
Articles were assessed for quality, the level of evidence (I – V) and GRADE of recommendation (A to F) 
was determined. Data extraction included: demographics, specific interventions, and outcomes.

Results: One thousand, five-hundred and sixty-nine unique citations were identified, 35 studies were 
included: nine randomized controlled studies, six cohort studies, 15 case series and five case reports. There 
were 2010 shoulders in 1913 subjects with an average age of 64.2 years, 54% males, 73% of tears were >1 
cm and 37% were classified as massive. Based on studies that reported, >58% of tears were >1 year and 
73% were atraumatic. Of the non-operatively treated cohorts that reported the respective outcomes: 78% 
improved in pain (9/10 cohorts that reported statistically significant differences [stat-sig] p<0.05), 81% 
improved in ROM (14/14 cohorts that reported, met stat-sig), 85% improved in strength (7/8 cohorts that 
reported, met stat-sig), 84% improved in functional outcomes (17/17 cohorts that reported, met stat-sig). 
Dissatisfied outcomes occurred in 15% of patients, who then transitioned to surgery. 

Conclusion: The current literature indicates GRADE B recommendation (moderate strength) to support the 
use of ET in the management of FTT. There is further need for well-designed randomized controlled trials.

Level of Evidence: 2a
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INTRODUCTION
 Rotator cuff tears (RCT) result in disability, poor 
quality of life, expensive utilization of healthcare 
resources1 and  have been shown to affect 20-28% 
individuals between the ages of 60-69,2,3 31-40.7% in 
patients over the age of 70,2 51-62% in individuals 
over 80 years of age,4 with an increase of 2.69 odds 
of a RC tear for every decade of life (p = 0.005).5 
Aggregate mean prevalence rates are estimated 
at 39% of asymptomatic individuals and 64% of 
symptomatic individuals,6 with the expectation that 
50% of asymptomatic tears will become symptom-
atic at a mean of 2.8 years  after the time of initial 
discovery.7,8 Though partial thickness rotator cuff 
tears (PTT) are more common than full-thickness 
rotator cuff tears (FTT),9,10 PTT tend to progress to 
FTT, developing pathological changes due to mus-
cle retraction, fatty infiltration, and muscle atrophy 
and thus, are associated with greater disability.6,8,11-14 
These facts are consistent with the prevalence of 
FTT in symptomatic patients progressing with age, 
with 28% of patients ≥60 years old, 50% of patients 
≥70 years old, and 80% of ≥80 years old.5,7,9,15 Other 
potential predisposing factors besides age,2,4,5,7,11,16 
include both non-modifiable factors (gender,17 hand 
dominance,18-20 pathology of the contralateral shoul-
der,21-23 family history,24 glenohumeral instability,25,26 
coracoid and/or acromion anatomy25) and modifi-
able factors (smoking,27-29 posture,6,30,31 and poor or 
insufficient diet25,32-35).

Given the high prevalence, the substantial finan-
cial burden on both patients and society,9,36-40 and 
the associated disability associated with FTTs,41 
determining effective management is of high pri-
ority for researchers and healthcare providers. Sev-
eral reviews42-46 have compared the effectiveness of 
operative treatment to non-operative management, 
with some literature supporting surgical options47-50 
and others demonstrating comparable outcomes 
between the two options.32,40,51,52 Similar ambiguity is 
seen with the surprising fact that of the 25 to 90% of 
surgical repairs that fail,40,53-61 the reported satisfac-
tion levels and clinical outcomes scores are compa-
rable to individuals with intact repairs.9,40 Given the 
discrepancies in finding between non-operative and 
operative management, as well as the unpredict-
able surgical re-tear rates, perhaps it is no surprise 

only 5% of the 5.7 million (as of 2010) patients over 
the age of 60 in the U.S. with RCTs in the U.S. were 
treated surgically.40 It is encouraging that exercise 
and physical therapy have been shown to be viable 
and alternative treatment option,9,32,40,45 especially 
in incidences where rotator cuff (RC) tendons have 
retracted beyond the glenoid rim,32,58,59 are massive 
in size (≥ 5 mm)62, and/or surgery is contraindicated 
due to comorbidities. However, researchers have had 
difficulty drawing strong conclusions as to the true 
comparative effectiveness of non-operative manage-
ment of FTTs due to low-quality studies.32,42,43 This, 
in addition to the heterogeneity of conservative exer-
cise programs, has made it difficult to synthesize 
and establish robust evidence-based rehabilitation 
programs. The limitations of  this recent publication 
by Edwards et al9 was: (1) the fact that it was Level 
5 evidence due to the lack of a systematic search to 
establish the protocol and (2) the proposed protocol 
was not specific to FTT.

Described conservative treatment of RCT are multi-
modal, ranging from exercise therapy, modalities (cryo-
therapy, thermal therapy, electrotherapy, acupuncture, 
ultrasound, and electrotherapy), taping, injection ther-
apy, pharmacological management.9,32,42,63 However, as 
there is no consensus or gold standard exercise pro-
gram of FTT, clinicians and researchers are left to use 
other shoulder pathology rehab programs40,63 or expert 
opinion9 to guide the clinical practice and clinical tri-
als for the treatment of FTT. Though there have been 
a number of reviews on non-operative RCTs interven-
tions in the last 15 years,32,43-46,64 these are either not 
specific to FTT,43 exercise therapy,44 or have focused on 
comparing surgical vs. non-surgical treatment rather 
than identifying and synthesizing the specific com-
ponents of an optimal conservative management.45,64 
The most recently published systematic review45 only 
identified three randomized control trials citations, 
which demonstrates the paucity of high-quality stud-
ies. This, in turn, makes it acceptable to conduct a sys-
tematic review including observational studies.65 The 
last systematic review32 to conduct a search of both 
randomized controlled trials and observational stud-
ies, specific to exercise therapy of FTT is over 10 years 
old and needs to be updated due to time elapsed,66 new 
evidence becoming available,67 and based on need or 
priority.68 
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and exclusion criteria were kept consistent with the 
original review,32 as is standard practice in updating 
systematic reviews.68 Identified studies were filtered 
by the following inclusion criteria: randomized clini-
cal trials or observational studies, skeletally mature 
human adults with a clinical diagnosis of FTT, or 
massive, or inoperable RCTs. Additionally, it was 
required that studies explicitly state that at least 
one treatment group received exercise therapy, in 
isolation or in conjunction with other non-operative 
treatment, for FTT. The only criteria that differed 
from the original study32 were that only full-texts 
available in the English language were included 
due lack of translation resources42 and that included 
studies also needed to report one of the following 
outcomes: pain, ROM, strength, and/or  functional 
outcome scores.

Though not ‘included’, prior systematic reviews per-
tinent to these inclusion criteria were identified, 
the quality assessment made, and conclusions com-
parisons made to those of the current review.  This 
decision was made in order to capture the complete 
spectrum of conservative treatment FTT literature 
and to allow comparison of prior conclusions and 
synthesized data of such reviews. 

Identified studies were also filtered by the follow-
ing exclusion criteria: surgical repair at any previ-
ous time point, concurrent significant trauma or 
derangement to the shoulder (i.e. prior surgery, 
acromioclavicular joint separation, Hill-Sachs lesion 
of any kind, etc.), neurological diagnosis or impair-
ment affecting the patients’ shoulder function (i.e. 
stroke, brachial plexus injury, spinal cord injury, 
etc.), inability to access full text article  (i.e. exhaust-
ing all efforts and resources of medical school librar-
ians and contacting the respective corresponding 
authors by email, social media, and/or phone), level 
5 evidence such as, clinical commentaries, editori-
als, and grey literature. 

All identified citations were filtered independently 
by two of the authors (M.J. and S.H.) based upon 
the title, then the title and abstract, and finally, by 
full text via the above inclusion and exclusion cri-
teria. Any disagreements (n = 0) were resolved by 
consensus. The consensus was achieved on all pub-
lications included in the review without the need 

The primary purpose of this systematic review is 
to: (1) update a prior review32 by synthesizing the 
available research on the effectiveness of exercise 
therapy for FTT, (2) use the Grading of Recommen-
dations Assessment, Development and Evaluation 
(GRADE) Working Group criteria69 to evaluate the 
current level evidence of exercise therapy (with and 
without the addition of supplemental non-operative 
modalities and treatments) to provide a grade of 
recommendation.

METHODS
The PRISMA guidelines were employed in this sys-
tematic  literature review.70 A formal research ques-
tion was developed as is recommended by PRISMA 
guidelines:71 

• Population: skeletally mature human adults 
(greater than 18 years of age).

• Intervention: exercise rehabilitation (in isola-
tion or combination with other non-operative 
interventions).

• Comparison: control, sham treatment, placebo, 
education, or other non-operative interventions

• Outcome: change in pain, strength, range of 
motion, and function of the shoulder. 

• Time: not specified

Information sources and search parameters
The following databases have been searched until 
December 2016: Embase, Medline (PubMed), CIN-
HAL Database, Cochrane Database of Systematic 
Reviews, PEDro, and Web of Science. Keywords 
used in the aforementioned review , Ainsworth et al 
200732, as well as those derived from the research 
question were used. A medical school research 
librarian was consulted on formulated initial search 
for Medline (PubMed), as well as for translating the 
search to other databases utilizing the respective 
thesaurus for indexing articles and free entries.  The 
search strategies for each of the respective databases 
can be found in Appendix A.  

Study selection
Prior to conducting the search, inclusion and exclu-
sion criteria for articles were defined. The inclusion 
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Oxford, United Kingdom (Table 1). Originally devel-
oped in 1998 and since modified in 2011, the OCEBM 
Levels of Evidence enables the appraisal on a scale 
from I to V based on study design, randomization, 
blinding, and the amount of bias, with a designation 
of I, being the highest level of evidence.79 

The overall Grade of Recommendation for exercise 
therapy (with or without other non-operative treat-
ment) treating FTT as a whole, based off of the aggre-
gate level of evidence, was determined using The 
Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) Working Group. 
Initiated in 2000 The GRADE Working group has 
developed a hierarchal, alphabetical letter scale of 
A to F (Table 2) which takes into account the quality 
of evidence and strength of recommendations to aid 
in applying research to clinical decisions and judg-
ments in healthcare.69 

The Investigators justified using the OCEBM Levels 
of Evidence and The GRADE Working Group cri-
teria to determine the quality of evidence as both 
scales are endorsed by the American Physical Ther-
apy Association (APTA) for grading Clinical Practice 
Guidelines.80

Data extraction: 
The methods and results sections of the included 
studies were to be reviewed and data regarding the 
study demographics, methodology were extracted 
and placed in table form. Individual outcomes for 
pain, range of motion, strength, and function were 
cataloged. Justification for extracting these specific 
outcomes is based on (1) remaining consistent with 
the original review32 and (2) these outcomes are 
synonymous with a comprehensive review consid-
ering exercise therapy in RC impingement.63 The 
effectiveness of these outcomes was assessed over 
time (intra-group evaluation) and when appropriate, 

to resolved disagreements by a third independent 
reviewer (G.L.). Study design was determined by 
the ‘traditional’ classification method as described 
by Furlan et al.72 

Assessment of trial quality:
The quality of any identified systematic review 
was assessed using the Assessment of Method-
ological Quality of Systematic Reviews (AMSTAR) 
guidelines,73,74 as this has previously been dem-
onstrated to be a valid and rigorous assessment 
of orthopedic literature.75 Prior to conducting our 
search, the methodological quality of any random-
ized control trial identified would be according to 
the Cochrane Collaboration’s domain-based evalu-
ation framework.76 The use of this assessment tool 
differs from the PEDro scale77 described in methods 
of the review32 being updated. However, much more 
recent and higher quality systematic reviews45,64 
within the rotator cuff tear literature have used the 
Cochrane Collaboration’s domain-based evaluation 
framework,76 and thus, for consistency this quality 
assessment tool was chosen. The included observa-
tional studies would be assessed using the guidance 
from the NHS Centre for Reviews and Dissemina-
tion tool.78 As more recent reviews within the shoul-
der have not considered observational studies this 
quality assessment tool was kept consistent with the 
original publication. 

One reviewer (M.J.) assessed the methodological qual-
ity of included studies, and a second reviewer (S.H.) 
verified the data for accuracy and completeness. 
Reviewers resolved discrepancies by consensus, and 
thus, an independent third party was not required. 

Level of evidence:
The Level of Evidence of all included references was 
determined using criteria described by the Oxford 
Center of Evidence-Based Medicine (OCEBM), 

Table 1. Level of evidence modifi ed from the Oxford Center of Evidence Based Medicine (OCEBM)96
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Statistical analysis: 
All numerical data was calculated by inputting the 
extracted data into Microsoft Excel (2016) spread-
sheets and using the appropriate mathematical 
functions (i.e. ‘SUM’, ‘PERCENTILE’, etc.) to calcu-
late the respective numerical values and results.   

RESULTS

Study selection:
An aggregate total of 1570 citations was identified 
from the search after duplicates were removed (Fig-
ure 1). Based upon the number of identified studies, 
the search strategy was sufficiently comprehensive, 
returning more than our times the number results 
of previous reviews that investigated similar ques-
tions.32,45 After title and abstract screening 111 articles 
remained. Of the 72 articles excluded by full text, 48 
were eliminated due to not meeting the inclusion cri-
teria and 24 of them were eliminated due to meeting 
the exclusion criteria. Only one study81 was excluded 
due to not being able to find a full text version after 
exhausting all available resources (online databases 
previously mentioned, researchgate.com, Stan-
ford University medical libraries and their network 
resources, attempting to contact the corresponding 
author). A total of 39 studies were included: five case 
reports,82-86 16 case series,1,87-101 six cohort studies 
(two retrospective102,103 and four prospective),40,104-106 
and nine randomized control trials.47-49,52,107-111 Addi-
tionally, three relevant systematic reviews32,42,45 were 
identified. Details of included studies and patient 
demographics can be seen in Table 3.

It is important to note, there were two instances, 
Moosmayer et al 201047 and 201448 and with Kukkonen 

across groups (between-group evaluation). When 
available, statistically significant differences (within 
and across cohorts) in pre- and post- outcomes 
were recorded. Clinical significance (when statisti-
cal significance was p < 0.05 and the intra-group 
or between group difference was ≥20%)63 was also 
reported when feasible to determine. The ratio-
nale to incorporate both statistical and clinical sig-
nificance was (1) clinical significance is likely to be 
more valuable to practicing clinicians and (2) this is 
consistent with the methodology of the fore men-
tioned RC impingement review,63 which also set out 
to develop an evidence-based protocol from those 
results. Additionally, if no statistical significance was 
calculated or reported for the outcome of ‘function’ 
(includes shoulder specific disability outcomes) than 
the currently accepted minimally clinically impor-
tant difference (MCID) (if previously established) 
of the outcome measure in question was used to 
determine the significance of the post-intervention 
change in the respective cohorts. 

Synonymous with the methods of the data extrac-
tion, one reviewer (M.J.) extracted the methodology, 
the results, demographics, outcomes, and statistics 
of included studies, and a second reviewer (S.H.) 
verified the data for accuracy and completeness.

Heterogeneity of included studies: 

Due to inclusion criteria of accepting randomized 
and non-randomized clinical trials, calculation of 
heterogeneity across studies was deemed inappro-
priate on the basis of methodological heterogeneity 
and thus, a meta-analysis was not performed. 

Table 2. Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working Group Criteria86
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to conservative management of RCT, as well as the 
means by which Sieda et al64 separated (compared) 
the surgical and non-operative results provided suf-
ficient criteria to include the review in this inves-
tigation. Ryosa et al,45 the most recent review, was 
specific to randomized control trials.48,49,52 All three 
which have been included in this review as well. 
Further details regarding the scope of these system-
atic reviews are summarized in Appendix B.

The primary purpose for including pertinent sys-
tematic reviews was to: (1) provide a comprehen-
sive view of the literature for other researchers and 
clinicians and (2) compare the comprehensiveness, 
methodology, and findings of this review to that of 
current systematic review literature on this topic. 
The results and conclusions of the reviews are sum-
marized in Appendix C. The comparison of the 

et al 201451 and 2015,52 in which consecutive, but sepa-
rate studies (an original study and a long-term follow-
up study) were published on the same patient cohort. 
To avoid the results of these studies having excessive 
weight during this investigation, the data extraction, 
and statistical analysis used the most current publi-
cation of these cohorts (Moosmayer et al 201448 and 
Kukkonen et al 201552). This justification has been 
used in previous RC intervention reviews.45,112

There were three systematic reviews after the fil-
tering that exclusively included a cohort of stud-
ies that met the inclusion and exclusion criteria of 
this review. The earliest of these publications, Ain-
sworth et al (2007),32 is the systematic review that 
is being updated by this current investigation. Sieda 
et al64 included both surgically and conservatively 
treated RCT. However, the included studies specific 

Figure 1. Flow diagram based on the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement.
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Table 3. Patient Demographics
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and the sum of the number of men and women is due 
to 22 patients’ gender not being recorded in Kuhn et 
al (2013)40 and Kukkonen et al (2015)52 not reporting 
the gender for 4 of 13 subjects who were lost to follow-
up. Additionally, Moosmayer et al (2017)95 included 
13 of 49 subjects from other included cohorts47,48 but 
the gender of these 13 subjects was not specified and 
thus, were unable to be adjusted for when calculating 
the aggregate total of males and females. 

results and conclusions of these reviews to the cur-
rent investigation is elaborated on in the discussion 
section of this manuscript. 

Patient demographics:
The aggregate number of shoulders was n = 2010, 
in 1913 subjects. There was an even distribution 
between males (53.8%, n = 1042) and females (46.2%, 
n = 896). Discrepancy (n = 25) in the total subjects 

Table 3. Patient Demographics (continued)
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Figure 2. A graphical representation of the distribution of the rotator cuff tear sizes for the shoulders described in the included studies.  

Of the total number of shoulders included in this 
current investigation (n = 2010), 1643 (82%) were 
treated non-operatively, 85 (4%) were controls or 
received no intervention, 256 (13%) shoulders were 
originally designated to a surgical cohort group, 292 
(15%) were unsatisfied with non-operative treat-
ment and went on to have surgery. Subject numbers 
were further broken down into a number of shoul-
ders per study design. Randomized control trials 
accounted for 562 (28%) shoulders, cohort studies 
included 692 (34%) shoulders, case series included 
751 (37%) shoulders, and case reports included 5 
shoulders (<1%). Ages of the cohorts ranged from 
23 to 80 years of age, the mean age for all included 
subject was 64.1 years old. (Table 3) 

Diagnosis & Involved Muscles
All but three studies89,97,110 stated the specific advanced 
imaging (ultrasonography: nine studies, magnetic 
resonance imaging (MRI): 26 studies, arthrogram: 
seven studies, and/or arthroscopy: one study) that 
was used to confirm the diagnosis of FTT. Regard-
ing the three studies in which the specific imaging 
study was not stated, Wirth et al97 and Ainsworth 
et al (2009)110 confirmed diagnosis by “radiographi-
cally documented full thickness tears” and in the 
third study, Collin et al,89 it is assumed that MRI was 

used as the authors identified the specific tendon(s) 
involved and stratified the stages of fatty infiltrate 
via the Goutallier classification.113 (Table 3). 

The tendon(s) or number of tendons involved were 
reported in 1311 (65%) shoulders. Of those reported 
on, supraspinatus (848 shoulders, 65%) and infraspi-
natus (184 shoulders, 14%) were the most common 
tendons involved. This is consistent with prior reports 
of the junction between these two tendons (16 and 15 
mm posterior to the long head of the biceps tendon) 
being the most prevalent location of tear initiation.114 
Subscapularis tendon involvement occurred in only 
44 (3%) shoulders and teres minor was reported in 
3 (<1%) shoulders. (Table 3). Multiple tendons were 
involved in 232 shoulders (18% of those reported on).

Tear size was reported in 1155 (57%) shoulders. 
Though there are multiple RCT classification sys-
tems,115,116 the one proposed by DeOrio and Cofield117 
was most commonly reported in the included 
studies. Thus, this system was used to stratify the 
different sizes of tears reported. A graphical repre-
sentation of these results can be seen in Figure 2.

Mechanism and Duration of Symptoms
The mechanism of injury was classified into four 
groups: traumatic, atraumatic, “insufficient trauma”, 
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inclusion criteria’, and accounted for subjects lost to 
follow-up. Though, all but two case reports84,86 used 
‘appropriate disability outcomes’ and 22 (65%) stud-
ies had an ‘appropriate impairment outcome.’ Only 
12 (31%) observational studies explicitly stated that 
it was a prospective investigation, while 20 (74%) 
studies had an ‘adequate follow’ of ≥ one year. The 
criterion that was most often missed was the state-
ment of a ‘blinded assessment.’ Only three stud-
ies,95,105,106 stated the blinded follow-up assessments 
were performed. The suspected reason for the lack 
of blinding was due to the high prevalence of case 
series. As there is most often only one cohort in 
these study designs, it may have seemed of lower 
importance for authors to blind the assessor. 

Randomized control trials 
When considering the potential bias in the included 
randomized control trials, it was determined that all 
8 revealed an aggregate ‘low’  risk of bias based on the 
seven criteria assessed by the Cochrane Collaboration’s 
domain-based evaluation framework.76 However, all of 
the randomized control trials did demonstrate a ‘high’ 

or not reported. The mechanism of injury was 
reported in 1462 (73%) shoulders with atraumatic 
onset being the predominant mechanism of injury, 
occurring in 1192 (82%) shoulders. (Table 3) 

The duration of shoulder symptoms prior to inves-
tigation ranged from one day to 5.5 years and was 
reported in 1133 (56%) shoulders. Given the variabil-
ity in which the duration of symptoms was reported 
(i.e. “not-acute”, “chronic”, “greater than or equal to 
3 mo.), this data was synthesized into <3 months, 
3-6 months, 6-12 months, or >12 months. (Table 3)

Study quality assessment: 

Observational studies
The evaluation of the quality of the included 27 
observational studies (Table 4) revealed concerns in 
the methodology. Only one study106 met all criteria, 
however, the primary purpose of the study was iden-
tifying predictive baseline factors for failed conser-
vative treatment and thus, no follow-up disability or 
impairment measurements were taken. All studies 
included relevant subjects, established ‘appropriate 

Table 4. Observation study methodology - methodological quality criteria for assessment of observational studies95
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risk of bias due to lack of blinding of participants, per-
sonnel, and outcome assessments. (Table 5).

Systematic reviews
The AMSTAR guidelines demonstrated sufficient 
rigor to identify flaws in the methodology of the 
identified systematic reviews. Though none of the 
three reviews met all criteria both Sieda et al64 and 
Ryosa et al45 demonstrated ‘Good’ methodology, 
meeting 10 and 9 out of the 11 methodology criteria, 
respectively. Ainsworth et al (2007)32 methodology 
was rated as ‘Fair’ as it met only 5 of the 11 method-
ology criteria. (Table 6)

Outcomes
Individual outcomes of pain, range of motion, 
strength, and function were extracted from each of 
the studies. Each outcome is discussed below. The 
data extraction for the each of the outcomes can be 
found in Appendices D - G. Graphical representation 
of the outcomes are also provided in Figure 3 and 
Figure 4.

Pain
Pain was reported in 26 (79%) of the studies with an 
average follow-up time of 2.7 years (32.5 months). 

Over half of the studies (n = 16, 59%) measured 
pain through disability or impairment outcome mea-
sures, while the remaining 11 (41%) studies used a 
specific pain tool; either the visual analog scale (VAS) 
or the numerical rating pain scale (NRPS). Tanaka et 
al96 was the only study with a cross-sectional design, 
and thus, a change in pain outcome could not be 
determined. Pain outcomes improved in the remain-
ing 26 (96%) studies with non-operative treatment. 
Statistical significance for within group change was 
reported in eight (29% of the 26) studies, all of which 
were statistically significantly different (p<0.05; 
95% CI) and clinically significant (improvement by 
≥20%). The pain reported outcomes for all studies 
can be found in Appendix D. 

When comparing across cohorts, two studies103,111 
compared physical therapy with and without the 
addition of corticosteroid injection. Both studies 
favored physical therapy plus corticosteroid injection 
with a statistically significant difference (p<0.05). 
However, only in the short term (1 to 3 months) 
was this difference determined to be clinically sig-
nificant (p<0.001).111 Additionally, there were four 
studies that compared non-operative treatment to 
surgical cohorts, and though all of these reported 

Table 5. Randomized control trial – Risk of bias93 

Table 6. Assessment of methodological quality of systematic reviews (AMSTAR) guidelines90,91
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Figure 4. A graphical representation and data table of the pain, range of motion (ROM), strength and function for the conservatively 
treated shoulders in the included studies. The statistical and clinical signifi cant differences are noted by the different color shades in 
the legend. Clinical signifi cance, statistical signifi cance (P<0.05) and improves by >20%; MCID, minimal clinical importance differ-
ence, Stat-Sig, statistical signifi cance (P<0.05); *, MCID was only used for functional outcome measures when no statistical signifi -
cance was reported and when an accepted MCID had previously been established within the literature.

Figure 3. A graphical representation and data table of the pain, range of motion (ROM), strength and function for the conservatively 
treated shoulders in the included studies. The shoulders from the different study designs are represented by the different color shades 
as noted in the legend. 
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and conservative management. Of the nine stud-
ies1,92,94,98,100,101,103-105,109,111 that reported statistically 
significant within group change all nine demon-
strated significant differences (p<0.05; 95% CI) in 
at least one direction and in eight1,94,100,101,103-105,109 of 
these cohorts the improvement increased by ≥20% 
meeting clinical significance. There were only three 
select studies whose subjects’ ROM did not improve. 
Itoi et al92 identified a subset of patients who did 
not have ‘satisfied’ outcomes following conservative 
treatment and found that predictive factors were 
poor abduction ROM (108.0° vs 149.0°; p<0.05) and 
abduction weakness (3/5 on manual muscle testing 
(MMT)). Merolla et al1 developed a predictive score 
of 17 baseline variables and used a cutoff score of 
≥13 out of 21 to identify patients who were likely to 
be ‘unsatisfied’ and opt for surgery within one year. 
The third cohort111 who did not demonstrate improve-
ment was a control group who did not receive a cor-
ticosteroid injection in addition to physical therapy. 

Statistically significant intragroup (pr e and post 
rehab ET intervention) abduction ROM differences 
were demonstrated in nine studies (p<0.05) and in 
seven (83%)1,94,101,103-105,109 of these studies the cohorts 
achieved clinically significant improvements. Like-
wise, significant intragroup flexion ROM differences 
were demonstrated in five studies (p<0.05) with 
statistically significant differences in four (80%) 
studies1,100,101,104 and clinically significant differences 
in three (60%).1,100,104 Intragroup external rotation 
differences were reported in five studies and in 
three (60%) of these101,109,111 the improvements were 
both statistically (p<0.05) and clinically different. 
Though it is likely of interest and benefit to clini-
cians and future researchers to identify which move-
ments are most likely to significantly improve (both 
statistically and clinically) it should be noted that 
comparison across different planes of motion can-
not be directly compared to one another from the 
above results due to the uneven distribution of dif-
ferent ROMs being reported. 

Nine studies statistically examined intergroup dif-
ferences. Three studies48,52,96 compared nonopera-
tive cohorts to surgically treated cohorts, none of 
which found statistically significant difference 
between groups. Two studies compared conservative 

improvements in both groups, three of them dem-
onstrated statistically significant improvements in 
pain (p<0.05; 95% CI) in the surgical groups.48,49,52 
None of these met clinical significance. The remain-
ing study reported no statistical difference between 
the pain in the non-operative cohort and the opera-
tive cohort.96  

There were nine cohorts (133 shoulders) in which 
pain did not improve enough for a ‘satisfactory’ 
result.1,48,91,92,95,96,103,111 Four of the cohorts converted 
to surgery.1,48,96,103 In another cohort,111 ‘physical ther-
apy’ was the control and number of shoulder injec-
tions was the independent variable. Factors that 
differentiated the remaining ‘unsatisfied’ cohorts 
was ‘sleep loss due to night pain’ (p = 0.01 when 
compared to the ‘satisfied’ cohort in this study)91 and 
tear size progressing > 20 mm from initial measure-
ment (p<0.004).95 

In summary, pain outcomes were reported for 40 
non-operatively treated cohorts that included 923 
shoulders. Of these, 31 (78%) cohorts, consisted of 
790 (86%) shoulders that reported improvements 
in pain versus nine (22%) of cohorts consisting of 
133 (14%) shoulders that did not improve or not 
to a ‘satisfactory’ level. Statistical significance was 
calculated in 10 (25%) cohorts consisting of 264 
(29%) shoulders, all but one of these demonstrated 
both statistically (p<0.05) and clinically significant 
improvements. 

Range of motion
Range of motion (ROM) was reported in 28 (85%) 
studies as shown in Appendix E. The average follow-
up for these reported outcomes was 2.4 years (29.2 
months). A motion specific tool was used in 19 (68%) 
of these studies, while the remaining studies cap-
tured the ROM through disability and impairment 
outcomes. In the studies that specified the direction 
of motion, the most common ROM movements that 
were recorded were abduction (16 studies, 57%), 
flexion (15 studies; 54%), and external rotation (13 
studies; 46%). Internal rotation (7 studies; 25%) and 
extension (one study; 4%) were much less common. 

All of the studies that reported ROM demon-
strated improvement in ROM post intervention in 
at least one cohort that received exercise therapy 
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to too short of a follow-up time (nine weeks). It has 
been previously established that strength gains con-
tinue to progress well beyond the nine-week point 
of initiating resistance training.118 A second study109 
that focused on the effects supplementing physical 
therapy with corticosteroid injections demonstrated 
both statistically and clinically significant strength 
gains at four weeks, but not at 24 weeks post-inter-
vention, as there was a mild decline in each cohorts 
strength gains. This may speak to both, the transient 
effects that corticosteroid injections provide, as well 
as the necessity of a ‘maintenance’ program with 
rehab to ensure that strength gains are retained for 
the long term.  Moreover, a case series by Hawkins et 
al91 demonstrated a subgroup of patients with ‘unsat-
isfied’ results that opted for surgery. Strength was 
measured in pounds using Constant-Murley score. 
Subjects in this subgroup reported average Constant-
Murley strength score of 17.1 (equivalent to 15-18 lbs 
of abduction strength) as compared to the aggregate 
average Constant-Murley score of 23.2 (equivalent 
to 22-24 lbs of abduction strength). The difference 
between the groups was statistically (p = 0.008) and 
clinically significantly different. Similarly, Itio et 
al92 had a subgroup of subjects with an ‘unsatisfac-
tory’ outcome (this is the same subgroup that was 
discussed previously in pain outcomes) who also 
failed meet statistically significant improvement in 
strength outcomes. This subgroup was retrospec-
tively identified once outcomes were calculated to 
determine differences at baseline between the ‘sat-
isfied’ and ‘unsatisfied’ cohorts.  The variables that 
differentiated the ‘unsatisfied’ subgroup at base-
line were poor abduction ROM (108.0° vs 149.0°; 
p<0.05) and abduction weakness (3/5 on manual 
muscle testing (MMT)). At post intervention follow-
up (average of 3.4 years) only 63% of the ‘unsatis-
fied’ cohort had abduction strength that was ≥4/5 on 
MMT as compared to 87% of the ‘satisfied’ cohort. 
The intergroup difference was statistically (p<0.05) 
and clinically significant. 

When considering intergroup differences, seven 
studies reported statistically significant differences 
across cohorts. Hawkins et al91 and Itio et al92 both 
compared subgroups with ‘unsatisfied’ outcomes 
with that of a ‘satisfied’ cohort and, not surprisingly, 
found statistical (p= 0.008 and p<0.05, respectively) 

management with and without corticosteroid injec-
tions. One111 of these studies found no difference at 
six months, while the other study103 demonstrated 
no difference in the outcome but that the cohort 
that had received physical therapy plus corticoste-
roid injection took less time (5.3 months) to reach 
maximum abduction ROM (p<0.05). The conclu-
sions that can be drawn from other intergroup com-
parisons is that supervised occupation therapy (OT) 
and home exercise program demonstrates no differ-
ence in abduction, flexion, or external rotation ROM 
outcomes107 and that flexion and abduction ROM 
outcomes do not differ between cohorts whose tear 
progresses of tears by ≥20 mm or ≤20 mm.95 

In summary, ROM outcomes were reported for 44 
non-operatively treated cohorts that included 1369 
shoulders. Of these, 36 (82%) cohorts, consisting of 
1140 (83%) shoulders that reported improvements 
in ROM versus eight (19%) of cohorts consisting of 
229 (17%) shoulders that did not improve or not to a 
‘satisfactory’ level. Intra-group statistical differences 
were calculated in 14 (33%) cohorts, consisting of 
272 (27%) shoulders, all of which demonstrated sta-
tistically significant differences in ROM (p<0.05). 
Improvements in ROM were also clinically signifi-
cant in 10 (23%) cohorts, 264 (19%) shoulders.

Strength
Strength was reported as an outcome in 21 (64%) 
studies with an average follow-up time of three 
years (35.5 months).  See Appendix F for summarized 
strength outcomes and the specific tools and equip-
ment used for measurement. 

All studies that reported strength outcomes dem-
onstrated improvement in at least one cohort that 
was treated with non-operative management.  How-
ever, statistical comparisons for intragroup strength 
improvements was only reported in seven (33%) 
studies. Of these, six (75%) studies92,94,100,101,105,109 
demonstrated statistically significant improvement 
(p<0.05) and four (57%) studies the intragroup dif-
ference was also clinically significant.94,101,105,109

It is important to discuss the four instances in which 
a cohort’s strength improvements were not statisti-
cally improved. In one study104 it was suspected that 
the lack of statistically significant change was due 



The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 349

therapy. All  15 (45%) studies1,40,89,90,92,94,98,100-105,109,111 
that reported intragroup differences (p< 0.05-
0.0001) for shoulder specific outcomes demonstrated 
statistically significant differences and 11 (73%) of 
these studies1,40,90,92,94,98,100,101,103-105,109 demonstrated 
≥20% improvement indicating clinically significant 
change. 

Ten (30%) studies47,89,91,100,102,104,105,110,111 reported inter-
group differences. Three studies91,95,106 denoted statis-
tically (p=0.038) and clinically significant differences 
between two conservatively managed cohorts, one 
with ‘satisfied’ results and another cohort. Hawkins 
et al91 demonstrated that poor response in Constant-
Murley score following conservative therapy differ-
entiated ‘satisfied’ (+7.1 points from baseline) from 
‘unsatisfied’ (-1.1 points from baseline) at 3.8 years 
follow-up (p=0.038). Similarly, Moosmayer et al 
(2017)95 showed that by dichotomizing subjects by 
tear progression ≥20 mm or <20 mm over 8.8 years, 
that subjects with the <20 mm progression had bet-
ter Constant-Murley scores (<20 mm progression: 
81.0 vs >20 mm progression: 58.5; p=0.008), higher 
functioning ASES scores (<20 mm progression: 90.0 
vs >20 mm progression: 60.0; P=0.02), but not sig-
nificantly different SF-36 scores (p>0.05). Boorman 
et al,106 on the other hand, sought to identify base-
line predictive factors for subjects likely to ‘fail’ con-
servative therapy and opt for surgery. The authors 
found that baseline scores out of 100 (‘successful’ 
rehab cohort: 49 ±21 vs. ‘failed’ rehab cohort: 33 
±15; p=0.017) on the Rotator Cuff Quality of Life 
Index (RC-QOL,as first described by Hollinshead et 
al119) was predictive for opting for surgery.

Three additional studies104,107,111 compared the inter-
group difference between conservatively managed 
cohorts. Gialanella et al111 showed that there was no 
statistically significant difference (p>0.05) in Con-
stant-Murley scores at three, six, or 12 months’ post-
intervention between cohorts who received single or 
multiple shoulder injections plus physical therapy as 
compared to a cohort who only received physical ther-
apy. Krischak et al107 compared a cohort who received 
‘standard OT’ to a home exercise cohort and found 
that there was no difference in Constant-Murley score 
(p=0.824) or EQ-5DL (p=0.656) at two-month follow-
up, but that there were statistically (p<0.05) and clin-
ically significant differences in the overall change in 

and clinically significant differences favoring the 
‘satisfied’ cohorts. Two studies compared the out-
comes of non-operative treated cohorts to surgically 
treated cohorts. No difference was found at one year 
(p = 0.89),48 but statistically significant differences 
were found at two52 and five years.48 Neither of these 
differences were clinically significant. One study107 
found no significant difference in any strength mea-
surement in cohorts who received supervised occu-
pational therapy versus a home program. Strength 
gains also proved to be statistically (p< 0.004) and 
clinically significant between a cohort who had tears 
that progressed by ≥20 mm over 8.8 years compared 
to subjects whose tears progressed <20 mm.95 The 
seventh article that compared across groups used the 
subjects’ contralateral shoulder as the control (did 
not receive any rehabilitation) and demonstrated a 
significant difference in post-intervention strength 
measures.104 However, a major flaw with this com-
parison was that the control limbs were only mea-
sured at time zero and thus, if a c hange in strength 
of the control limbs occurred post intervention it 
was not captured.

In summary, strength outcomes were reported for 
28 non-operatively treated cohorts that included 598 
shoulders. Of these, 23 (82%) cohorts, consisted of 
514 (86%) shoulders that reported improvements 
in strength versus five (18%) cohorts consisting of 
84 (14%) shoulders that did not improve or not to a 
‘satisfactory’ level. S tatistical differences were calcu-
lated in eight (29%) cohorts. Of these, seven cohorts 
consisting of 181 (30%) shoulders demonstrated sta-
tistically significant improvements (p<0.05), while 
five (19%) cohorts, 133 (22%) shoulders, also made 
clinically significant gains for strength.

Function
Functional outcomes were reported in 33 (97%) 
studies with an average follow-up of 2.3 years (27.3 
months). Thirty-one (97%) studies captured the func-
tion with a shoulder specific outcome measure, while 
one case report84 determined function by the patient’s 
ability return to recreational swimming unrestricted. 
See  Appendix G for details of the specific functional 
outcome measures used and the data extracted. 

All 33 (100%) studies that reported on function demon-
strated improvement in function with non- operative 
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not calculated or reported, and when an accepted 
value was available for the respective outcome, the 
MCID was used to 11 (25%) cohorts consisting of 
267 (17%) shoulders, of which eight (18%) cohorts 
including 142 (53%) shoulders met or surpassed 
MCID. Statistical differences were examined in 17 
(38%) cohorts consisting of 749 (47%) shoulders all of 
which improved statistically (p<0.05) and 13 (29%) 
cohorts, 650 (87%) shoulders, who also achieved clin-
ically significant improvements for function.

Components of programs
The components of the exercise and rehabilitation 
programs had considerable variation across the stud-
ies. However, consistent components of the pro-
grams included strengthening (97% of studies), ROM 
(79% of studies), stretching/flexibility (61% of stud-
ies), activity modification/education (57%), home 
exercise routine (explicitly stated in 32% of stud-
ies), manual therapy (18% of studies), heat or cold 
modalities (21% of studies), and postural interven-
tions (24% of studies). Additional medical interven-
tions that were used to supplement exercise therapy 
including medications (explicitly stated in 35% of 
studies) and/or corticosteroid injections (39% of 
studies) were also considered. Other components of 
the conservative management programs included 
scapula-thoracic specific interventions and reintegra-
tion into patient-specific activities. Phased progres-
sions were specifically stated and described in 35% 
of studies and 57% of randomized control trials. (See 
Appendix H for details of the rehab programs for 
each included study. Refer to Figure 5 for a graphical 
representation of the prevalence of the most com-
mon rehab program components.)

Scope of prior systematic reviews
Two of the three prior systematic reviews identified 
by these search results were specific to non-opera-
tive rotator cuff tears. Ainsworth et al 200732 patient 
population nearly synonymous with the subjects 
and shoulders identified in this study, as this was the 
study that was being updated by this current review. 
The current review excluded two non-English stud-
ies120,121 that were included within Ainsworth et al 
200732 that were excluded from the current review 
due to inability to accurately translate these texts. 
However, th e current review included an additional 

EQ-5DL health status subs-core, favoring the ‘standard 
OT’ cohort (+17.8 points vs home exercises group: 
+3.2). The final study, Baumer et al104 demonstrated 
that despite a statistically (p<0.01) and clinically sig-
nificant change in the Western Ontario Rotator Cuff 
(WORC) score after nine months the intervention 
group score (70.3 ±26) was significantly (p<0.01) dif-
ferent than the baseline score of the healthy control 
group (98.2 ±2.8). However, a limitation was that the 
healthy control group was only measured at baseline 
and thus, making the assumption that there was no 
change in the healthy control score. 

Lastly, there were four studies48,49,52,102 that compared 
non-operative treatment to surgical RC repair. All of 
them used the Constant-Murley score as one of the 
region-specific outcomes. There was no statistically 
significant difference in total Constant-Murley score 
at 12 months (p>0.05),49,52 24 months (p>0.05),52 or 
four years (p=0.61).102 One study48 did show a dif-
ference in the Constant-Murley score (p<0.01) and 
American Shoulder and Elbow Surgeons Shoulder 
Score (ASES) (p<0.001) after five years, favoring sur-
gical treatment. However, these authors48 also showed 
that there was no significant difference in SF-36 
scores (p=0.38) between the conservative and surgi-
cal groups or in the Constant-Murley score (p=0.02) 
between the cohort who opted for the initial repair at 
time zero and the cohort who attempted conservative 
therapy and then transitioned to surgical repair. This 
suggests that non-operative exercise therapy can be 
considered as first line treatment for 12 weeks with-
out detriment to clinical outcomes. This is further 
corroborated by one study108 that found no statisti-
cally significant difference (p=0.28) in patient sat-
isfaction rates between conservative and surgically 
managed cohorts. Outcomes that did favor surgical 
repair cohorts were the Constant-Murley activity of 
daily living (ADL) subscore (p<0.0001) at 12 and 24 
months post-intervention108and the Disability visual 
analog scale (VAS) (p=0.002) at 12 months.49 

In summary, functional outcomes were reported for 
45 non-operatively treated cohorts that included 1610 
shoulders. Of these, 38 (84%) cohorts, consisting of 
1366 (85%) shoulders that reported improvements 
in function versus seven (16%) cohorts consisting of 
217 (15%) shoulders that did not improve or not to a 
‘satisfactory’ level. When statistical differences were 
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managed shoulders included in the current review). 
The other two reviews, Ainsworth et al (2007)32 and 
Ryosa et al45, included 10 studies (with 272 subjects) 
and three studies (with 252 subjects), respectively. 
Summaries of these reviews are provided in Appen-
dix B and Appendix C. A graphical representation 
of the number of studies focusing on non-operative 
treatment for each review can be seen in Figure 6. 
While included non-operatively treated shoulders 
included in each review can be seen in Figure 7. 

Conclusions of prior systematic reviews
All three prior systematic reviews demonstrated dif-
ficulty drawing conclusions regarding the effective-
ness of non-operatively managed FTT stating that 
there is either “some” or “limited” and “inconclusive” 
evidence to support non-operative or exercise ther-
apy alone or in comparison to that of surgical inter-
ventions. However, the most recent of these reviews 
was able to make an explicit recommendation that 
“a conservative approach is advocated as the initial 
treatment modality” in FTT.45 (See Appendix C for a 
summary of the conclusions of prior reviews).  

23 studies published after 2007. Ryosa et al45 stud-
ies were all included in this study, but the inclusion 
criteria were specific to randomized control trials 
and the purpose of the study was to compare non-
operative therapy to surgical repair. Similarly, Sieda 
et al64 had a similar purpose as Ryosa et al45 with the 
exception of including controlled and uncontrolled 
studies, as well as investigating not only compar-
ing nonoperative to operative RC repair, but also the 
effectiveness of different types of repairs. 

Th e number of studies included in the identified 
reviews varied from 345 to 13764 with the number of 
total subjects ranging from 25245 to 8,515.64 Th ough 
Sieda et al64 was the most comprehensive, including 
137 studies and 8,515 subjects, of these only three 
controlled and seven uncontrolled studies were iso-
lated to non-operative treatment and five studies 
compared non-operative management to surgical 
management. These 15 studies combined accounted 
for 178 non-operatively managed shoulders from 
controlled studies and 327 non-operatively treated 
shoulders from uncontrolled studies. A total of 
505 subjects (37.5% the number of conservatively 

Figure 5. A graphical representation of prevalence of the different rehabilitation program components in the included studies. The 
different colors represent the different types of study designs as described in the legend below the graph.
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without supplementary physical therapy and non-
surgical medical interventions, demonstrates Grade 
B – Moderate strength of recommendation. This is 
based on the multiple randomized control trials and 

GRADE of Recommendations
According to the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
Working Group criteria69 exercise therapy, with and 

Figure 7. The graph summarizes the aggregate number of non-operative treated shoulders included in each of the prior reviews 
and the current review. *, the review being updated; †, 137 total included articles but only 15 of these were specifi c to non-operative 
interventions.

Figure 6. The graph summarizes the number of non-operative shoulder treatment studies in each of the prior reviews and the current 
review. *, the review being updated; †, 137 total included articles but only 15 of these were specifi c to non-operative interventions.
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from those presented by Ainsworth et al (2007)32 
in the total number of studies identified, the level 
of evidence identified, and the ability to provide a 
decisive GRADE of recommendation. This speaks to 
not only to the expansion of the amount of research 
being published on the conservative management 
of RCT but also to the overall improvement in the 
methodology of the more recent literature. This is 
further demonstrated by the improvement in quality 
of more recent studies. The average quality assess-
ment score of observational studies since 2007 is 6.4 
out of possible 8, compared an average score of 5.3 
in the studies included in the initial review.

The second purpose of this review was to establish 
the effectiveness of the exercise therapy with and 
without additional physical therapy or medical man-
agement interventions. The primary outcomes that 
were looked at to determine this was pain, ROM, 
strength, and functional outcome measures. These 
metrics were chosen (1) because they were con-
sistently reported across a large percentage of the 
included studies and (2) these have previously been 
established in similar reviews of shoulder rehabili-
tation.63 A significant percentage of conservatively 
treated shoulders demonstrated improvement in 
each of the outcomes.  Of the non-operatively treated 
shoulders for which it was reported: pain was reduced 
in 86% of shoulders, ROM improved in 83% of shoul-
ders, strength improved in 89% of shoulders, and 
functional reported outcomes improved in 85% of 
non-operatively treated shoulders. (Figures 3 and 4)

However, it is important to note that in several of 
these studies there was a cohort of patients who were 
unsatisfied with conservative treatment and opted 
for surgical intervention.1,40,48,49,103,106,108 This, in com-
bination with the knowledge that performing a repair 
secondary to a trial of conservative therapy does not 
statistically change the patients’ outcomes, suggest 
that non-operative conservative therapy as a first 
line intervention for FTT should be considered.40,47,48 
This is consistent with the conclusion a recent sys-
tematic review and meta-analysis by Ryosa et al,45 
that directly compared non-operative treatment to 
surgery for FTT. Moreover, if individuals do not opt 
for surgical management within 12 weeks, they are 
unlikely to do so within the following two years.40,106 

the supplementary  level III, level IV, and case report 
studies with consistent findings that demonstrate 
that non-operative interventions have on pain, ROM, 
strength, and function in FTT. 

DISCUSSION
This systematic review identified both randomized 
control trials (nine studies47-49,52,107-111) and observation 
studies (four prospective cohort studies,40,104-106 two 
retrospective cohort studies,102,103 16 case series,1,87-101 
and five case reports82-86) that, on the whole, dem-
onstrate the consistent finding that exercise therapy 
is an effective treatment for the reduction of pain, 
improvement of ROM, strength, and most dramati-
cally, function. Due to the lack of blinding, the high-
est level of randomized control trials included were 
level II studies. This, in combination with a predomi-
nant number of level III and IV studies reinforcing 
the findings of the randomized controls, provided the 
Grade B – Moderate strength for recommendation for 
using exercise therapy in the treatment of FTT. 

One of the primary goals of this systematic review 
was to update the last systematic review by Ain-
sworth et al32 that included both randomized control 
trials and observational studies, specific to exercise 
therapy of FTT which is over 10 years old. Accord-
ing to previously established criteria for updating 
systematic reviews,67,68 it was apparent from those 
findings that an update was indicated by the amount 
of new evidence that has become available since 
its publication and with the profoundly increasing 
prevalence of RCT’s in the setting of an aging popu-
lation. As is convention, the inclusion and exclusion 
criteria, search strategy, and the analysis of quality 
assessment were all kept constant from the original 
review. No historic date restrictions were set on the 
search strategy for the current study as means to 
ensure that no studies were previously overlooked 
in the original search. Thus, the 10 observational 
studies84,85,87,88,90-92,97,98,103 included in the original 
review were also included in the current study. One 
study, a randomized trial by Shibata et al,109 that 
was published prior to Ainsworth et al (2007)32 was 
included in this review, as it met all pre-established 
criteria, but was not included in the original review. 
Despite an overlap in included studies, the results 
of the current review, were considerably different 
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to negatively influence the success rates of surgi-
cally repaired FTT,127-130 providing further evidence 
for the consideration for initial non-operative, exer-
cise therapy in this patient population. The consen-
sus is that primary surgical repair is the more active 
and younger patient populations.126,129-132 

Decisions for FTT management can be made by, 
not only by stratifying a patient’s prognosis of sur-
gical intervention but also by stratifying their prog-
nosis to respond to non-operative treatment. Some 
variables that have been considered in identifying 
patients who are more likely to respond to surgi-
cal interventions include: age, activity level, his-
tory of trauma, severity of fatty atrophy, severity of 
pre-operative symptoms, and location or size of the 
tear.58,64,95,131,133-137 Individuals less likely to respond 
to non-operative treatment have lower baseline 
abduction ROM, abduction strength, younger age, 
lower BMI, lower RC-QoL, and lower WORC index 
(p>0.05).92,106,131 One included study1 proposed a 
‘Predictive Score’ that considered 17 baselines vari-
ables and a cut off of score 13 out of 21 (higher 
scores indicative of ‘unsatisfied’ outcomes with non-
operative treatment and opting for surgical treat-
ment within one year) to determine which patients 
are most likely to respond to conservative therapy. 

Some variables in the literature have been shown to 
be inconsistent predictive factors of surgical or non-
operative treatment include the extent of rotator cuff 
damage or degeneration on imaging studies.46,138,139 
This aligns with the peculiar phenomenon RC 
injury being found in a large number of asymptom-
atic patients.139 Though several authors have been 
unable to fully explain the discrepancy between 
symptoms, functional limitations, and extent of RC 
pathology,3,19,40,106 a proposed hypothesis is that once 
a tear progresses to involve the posterior cuff mus-
culature, there is an imbalance between the forces of 
the infraspinatus and the subscapularis, leading to a 
disruption of normal shoulder kinematics, GHJ sta-
bility, and loss of fulcrum for concentric rotation of 
the humeral head leading to a higher propensity of 
dysfunction and thus, disability and symptoms.9,140 

Patient Demographics
The patient demographics of the subjects and 
shoulders within this review were consistent with 

The average follow-up time frame for all of the out-
comes ranged from 2.3 to 3.0 years. This is considered 
an adequate follow-up time period for RC literature as 
the longest follow-up for any randomized control trial 
included was five years. However, compared to the 
length of time that FTT can be symptomatic (conceiv-
ably decades, depending on a person’s age of onset), 
two to three years is a relatively short time frame. 

When considering long-term management of RC 
pathology, it is also important to acknowledge the 
risk of tear progression and fatty infiltration that can 
occur in the presence of FTT. Though a couple of 
studies found similar progression rates, with 23-52% 
experiencing >5 mm tear size over two to three years 
with ‘non-operative’ treatment,122-124 fatty infiltrate 
and tear progression has not been shown to be sig-
nificantly different between intact RC repairs, retorn 
rotator cuff repairs, and individuals who received 
non-operative treatment.49,108 This is also in con-
trast to PTT, in which only ~10% will progress >5 
mm within the same time frame. It is also promis-
ing that a small percentage (8-18%) of FTT can show 
a radiological decrease in size with non-operative 
treatment.95,122 The proposed mechanism of how the 
healing occurs is referred to as ‘mechanotherapy’, in 
which cells respond to mechanical stimuli and result-
ing in a cellular response to promote tendon heal-
ing.9,125 Though serial imaging, either by ultrasound 
or MRI, can be used to monitor tear progression and 
fatty infiltration, tear progression can also be moni-
tored through progression in pain intensity, as this 
has been correlated with tear size progression.9,95,122 
Moosmayer et al (2017)95 noted that not all tear pro-
gressions have clinical implications and that ‘satis-
fied’ and ‘unsatisfied’ non-operative treated cohorts 
can be dichotomized by tears that progress by <20 
mm and those that progress ≥20 mm, respectfully.

Another factor that can influence the decision 
for surgery vs non-operative management is the 
patient’s respective demographic. The characteris-
tics of the subjects included in this in this review, 
with an average age of 64 years and the majority 
of FTT being atraumatic and chronic degenerative 
tears, are consistent with the patient population and 
tear characteristics documented in the literature.126 
The patient demographic, older age, degenerative 
tissue, and chronicity of tears have all been shown 
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that injury of the supraspinatus increases the strain 
and demand of the infraspinatus.149 These findings 
are consistent with the supraspinatus and infraspi-
natus having the highest prevalence in the included 
shoulders of this review.

However, as several of the included studies either 
did not report the specific tendon involved or listed 
the FTT as “massive”, there is a high risk of the prev-
alence of subscapularis and teres minor involve-
ment being under reported. Recent studies have 
reported subscapularis involvement in RC tears as 
high as 31.5%, but only 6% in shoulders in which 
surgical repair was indicated.158 This is twice that of 
the 3% prevalence reported in this study. Similarly, 
teres minor tears have suggested to be rare in isola-
tion159 and tend to be involved in “extensive FTT.”160 
Despite 37% of tears being massive and/or involv-
ing >1 tendon, teres minor involvement was only 
reported in three (<1%) of shoulders. One potential 
explanation for this, as mentioned above, is the most 
common location of FTT is at the junction of infra-
spinatus and supraspinatus and that teres minor is 
commonly preserved in the presence of massive FTT 
with degenerative RC changes and atrophy because 
the increased physical demand on the muscle can 
lead to hypertrophy of teres minor, especially in pos-
terior-superior tears.160-162 This information is critical 
to acknowledge when devising a rehabilitation pro-
gram that will be successful and strategically over-
coming the ROM, strength, and functional deficits 
that exist in the presence of FTTs. 

Included RCTs in this review were predominantly 
chronic and atraumatic in nature of onset. This is 
also consistent with the literature, As the literature 
suggests that traumatic and, therefore, more often 
acute RCTs are more likely to be considered for sur-
gical management,45,163 the distributions of symptom 
duration and atraumatic onset should be viewed 
with caution. This is due to the risk of bias in the 
inclusion and selection criteria of the included stud-
ies being more likely to attract subjects who were 
not considered for a primary RC repair. 

Comparison to Prior Reviews
There were three prior systematic reviews identi-
fied that had a similar scope, patient population, 
interventions, outcomes, and search strategies to 

the epidemiology of the RCTs. It is known that the 
incidence and prevalence of RCTs begin to increase 
in the sixth to seventh decade of life, which is con-
sistent with the mean age of 64.2 years of age seen 
in the included subjects of this review.2,3 In regards 
to gender, there was nearly an even split between 
males (54%) and women (46%). Though epidemiol-
ogy studies have found gender not to be a significant 
risk factor for RCT,18,19 there are large review reviews 
of RCT that demonstrate a slightly higher incidence 
in males than females.141

Considerations of the specific tendons of the RC 
involve is also important. It has been well docu-
mented that the supraspinatus tendon is the most 
commonly torn RC tendon.58,142-145 Proposed ratio-
nale for the supraspinatus being predisposed to 
injury, compared to the other RC tendons are said 
to be both intrinsic (age, genetics, comorbidities, 
vascularity of the tendon, anatomical shape of the 
acromion, etc.) and extrinsic (bursal and articular 
sided strain, frequency of shoulder use, and prior 
injury).146-149 A ‘degeneration microtrauma’ mecha-
nism and cascade has been proposed by previous 
authors in which insufficient healing times between 
microtraumas to the tendon in combination with 
increased demand on remaining fibers, and inflam-
matory mediators and oxidative stress induces 
tenocyte apoptosis.9,150-153  This is synonymous with 
the ‘continuum model of tendon pathology’ which 
describes how the elevation of inflammatory cyto-
kines in response to the cyclic loading of tenocytes 
can lead to ‘an alteration in tendon synthesis and 
degeneration’ and eventually a ‘reactive-on-degener-
ative tendinopathy’.154 These mechanisms are con-
sistent with the supraspinatus tendon having been 
shown to have reduced healing capacity due to a con-
trol tendon, because of the increased degree of teno-
cyte apoptosis and the reduced production of type I 
collagen.153 Moreover, there have been additional in-
vivo and cadaver studies that suggest there is a ‘criti-
cal zone’ within the supraspinatus tendon which 
can increase with age, impingement, and larger RC 
tears.112,155 Second to supraspinatus is the prevalence 
of infraspinatus tearing. This is not surprising given 
that the tendons of these muscles blend upon their 
insertion,156,157 that the most common location for 
tearing is at the junction of the two tendons,114 and 
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performed for asymptomatic RCTs, and provided a 
limited recommendation on RCT repair as an option 
for patients with chronic, symptomatic FTT. Ironi-
cally this described demographic fits the majority 
of the 2,010 shoulders included in this review, dem-
onstrating that given the aforementioned results, it 
would appear that conservative, non-operative treat-
ment should be considered a viable alternative to sur-
gical intervention.9 With the known risk of muscle 
wasting, fatty infiltration, further decline in disabil-
ity and the potential for continual tear progression 
natural history progression, pharmacological man-
agement, activity modification, professional advice, 
and/or strategic neglect is not the best option for 
this patient demographic; exercise therapy through 
mechanotherapy mechanisms.9,125  

Components of Exercise Therapy 
Rehabilitation of Full-Thickness Tears
The common aspects in the programs of the included 
studies were identified as: (1) range of motion, (2) 
flexibility/stretching, (3) strength/resistance exer-
cise, (4) modalities, (5) supplementary pharma-
ceutical interventions including injections or oral 
medications, (6) postural and scapulothoracic exer-
cises, and (7) education regarding the pathophysiol-
ogy of the condition, the how exercise can help and 
goals of conservative management. Other aspects 
to consider are including a home exercise program, 
the specific parameters of the program (frequency, 
intensity, volume, duration), and whether or not to 
‘phase’ the program. The prevalence of each of these 
interventions in the included articles is provided in 
Figure 5. 

Despite the predictable and consistent deficits that 
need to be addressed in the rehabilitation of the 
patient with a RCT, there is considerable hetero-
geneity in the components and exercise prescrip-
tion of the included rehabilitation programs. This 
variability amongst the intervention programs is a 
confounding variable and thus, may influence differ-
ences in outcomes. This has previously been identi-
fied as a source of performance bias in a systematic 
review in the related pathology of shoulder impinge-
ment syndrome.63 The argument for a ‘standardized 
accepted, evidence-based rehabilitation protocol’ 
is: (1) clinicians will ‘know that patients are receiv-
ing the best available rehabilitation program’, (2) a 

the current review.32,45,64 A summary of the scope 
of these reviews is summarized in Appendix B and 
Appendix C. 

It is apparent that an update of Ainsworth et al 
(2007)32 was warranted as another 25 pertinent pub-
lications regarding non-operative management of 
FTT have been added to the literature since 2007. 
Though Sieda et al64 and Ryosa et al45 are more recent, 
neither study was specific to non-operative manage-
ment of FTT, as is apparent by the discrepancy in the 
number of included studies and the aggregate num-
ber of subjects. To the knowledge of the authors, the 
current review has three times the number of rel-
evant studies and close to four times the number of 
shoulders compared to any prior review specific to 
the non-operative treatment of FTT. (Figures 6 and 
7) However, the authors of the current review were 
unable to perform a meta-analysis which has been 
conducted by prior reviews,45,64 thus, the level of cur-
rent evidence was summarized using a GRADE of 
Recommendation. This provided a distinct conclu-
sion, in comparison to the language used in the con-
clusions prior reviews (i.e. ‘some evidence exists’,32 
‘inconclusive’,64 or ‘limited evidence’45).

It is also important to note the quality of the identified 
reviews. Based on The AMSTAR guidelines73,74 Sieda 
et al64 and Ryosa et al45 both demonstrated ‘Good’ 
quality, 10/11 and 9/11, respectively. Ainsworth et 
al (2007)32 on the other hand only demonstrated 
‘Fair’ quality, 5/11. The quality of methodology 
assessment of the current review was determined 
to be ‘Good’ (9/11) as determined by the AMSTAR 
guidelines (Table 6). 

A separate, but seminal, review and position state-
ment that needs be discussed in light of the current 
findings is the American Academy of Orthopedic 
Surgeons (AAOS) 2012 Clinical Practice guidelines 
for “Optimizing the Management of Rotator Cuff 
Problems” states that there was ‘inconclusive evi-
dence’ to provide a recommendation for exercise as 
a treatment for RCT.164 It is clear from the current 
results that since 2012 there is sufficient evidence to 
not only support the use of exercise therapy in the 
treatment of FTT but that this is effective in manag-
ing pain, improving range of motion, strength, and 
overall function. Simultaneously, the AAOS 2012 
practice guidelines stated that surgery should not be 



The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 357

Medicine (ISAKOS) published a positional state-
ment defining a synthesized classification system 
in 2013,116 all of the studies prior to this date (and 
some after) were using different classifications and 
thus, providing a risk of miss interpreting the full 
extent of the rotator cuff pathology. Note, in such 
cases when a study met all other inclusion criteria 
and there was ambiguity in the extent of the tear, the 
corresponding authors were contacted for clarifica-
tion. This occurred in only three studies.1,86,93

This review was only specific to studies published in 
the English language. Sieda et al64 extended their search 
to English, French, and German studies and were able 
to identify four additional studies120,121,167,168 that other-
wise would have been included in this review, but due 
to the pre-determined English language inclusion cri-
teria and the lack of accessible (and accurate) trans-
lation resources, these studies were not included. As 
mentioned in the results section, there was another 
outlying study81 due to all available resources being 
exhausted and not being able to access a full text. Cor-
respondence with the author(s) was attempted but no 
return response was received. 

 Another critique of the inclusion and exclusion cri-
teria is the inclusion of case reports, observational 
studies, and randomized control trials. The lack of 
randomization and heterogeneity of the studies pre-
vented a pooled analysis. Furthermore, the inclu-
sion of case reports was not necessary as they made 
of <1% of the aggregate number of shoulders and 
commonly provide the most clinical utility in ‘rec-
ognition patterns’ for rare clinical conditions and 
reviews on certain topics related to the case.169 FTT 
are far from a ‘rare’ clinical condition and the topics 
(i.e. non-operative management) are certainly cov-
ered by other observational and randomized stud-
ies that were included. The rationale for including 
both observational and experimental studies and for 
inclusion criteria was due to the fact that the current 
review was an update of a prior review.32 As such, it 
is standard practice to keep inclusion and exclusion 
criteria as constant. 

A final critique, outside of the control of the author, 
was the fact that there was a lack of reporting of 
statistical analysis in a large portion of the stud-
ies regardless of the outcome in question. When 

‘standard rehabilitation protocol’ reduces confound-
ing variables and performance bias, (3) it will allow 
for pooling and comparison of data across studies 
and different cohorts; (4) such a protocol can also 
serve as a control, allowing for the study and pro-
tocol modifications. It is apparent that the neces-
sity of a synthesized protocol exists.   However, it 
is important to note that a synthesized protocol is 
designed to serve as a guide for the rehabilitation 
process and not intended to supersede clinical judg-
ment and decision making that is necessary to meet 
the unique needs of individual patients. Phased pro-
gression of any rehab protocol should be based not 
only on expected tissue healing timelines but also 
on clinical presentation and functional capabilities 
of each individual patient. 

Limitations
There were limitations in the current review that are 
important to note. First, there is ambiguity in the litera-
ture between RCT and subacromial impingement syn-
drome (SIS). A number of articles that were excluded 
from this review discussed the effectiveness of exer-
cise specific to SIS. However, patients with Stage III 
SIS are described as having key finding of a mechani-
cal disruption of the rotator cuff tendon in the form 
of either partial or complete cuff tears defined as by 
Neer et al165 and Khan et al.166 However, certain studies 
failed to determine and/or state the stage of SIS of the 
respective subjects, these citations were excluded due 
to the extent, or lack thereof, of mechanical damage to 
the rotator cuff muscle(s) of the subjects described in 
these studies would not have definitively fit the inclu-
sion criteria of this review (FTT). 

Similarly, there is considerable heterogeneity in the 
classification systems used to describe RCTs.115,116 
The discrepancies in classification systems used 
by included studies made it difficult at times to 
determine the full extent of tendons described. For 
instance, if it was stated that ‘<50% of the supra-
spinatus tendon was involved’ this very well could 
be describing a partial thickness tear in the superior 
to inferior direction or it could be interpreted as a 
FTT in the superior to inferior direction that only 
involved <50% of the tendon in the anterior to pos-
terior direction. Though The International Society 
of Arthroscopy, Knee Surgery & Orthopedic Sports 
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4. Teunis T, Lubberts B, Reilly BT, Ring D. A systematic 
review and pooled analysis of the prevalence of 
rotator cuff disease with increasing age. J Shoulder 
Elbow Surg. 2014;23(12):1913-1921.

5. Tempelhof S, Rupp S, Seil R. Age-related prevalence 
of rotator cuff tears in asymptomatic shoulders. J 
Shoulder Elbow Surg. 1999;8(4):296-299.

6. Sambandam SN, Khanna V, Gul A, Mounasamy V. 
Rotator cuff tears: An evidence based approach. 
World J Orthop. 2015;6(11):902.

7. Fehringer EV, Sun J, VanOeveren LS, Keller BK, 
Matsen FA, 3rd. Full-thickness rotator cuff tear 
prevalence and correlation with function and 
co-morbidities in patients sixty-fi ve years and older. J 
Shoulder Elbow Surg. 2008;17(6):881-885.

8. Yamaguchi K, Tetro AM, Blam O, Evanoff BA, Teefey 
SA, Middleton WD. Natural history of asymptomatic 
rotator cuff tears: a longitudinal analysis of 
asymptomatic tears detected sonographically. J 
Shoulder Elbow Surg. 2001;10(3):199-203.

9. Edwards P, Ebert J, Joss B, Bhabra G, Ackland T, 
Wang A. Exercise rehabilitation in the non-operative 
management of rotator cuff tears: A review of the 
literature. Int J Sports Phys Ther. 2016;11(2):279-301.

10. Fukuda H. Partial-thickness rotator cuff tears: a 
modern view on Codman’s classic. J Shoulder Elbow 
Surg. 2000;9(2):163-168.

11. Lehman C, Cuomo F, Kummer FJ, Zuckerman JD. 
The incidence of full thickness rotator cuff tears in a 
large cadaveric population. Bull Hosp Jt Dis. 
1995;54(1):30-31.

12. Keener J, Galatz L, Stobbs-Cucchi G, Patton R, 
Yamaguchi K. Rehabilitation following arthroscopic 
rotator cuff repair: a prospective randomized trial of 
immobilization compared with early motion. J Bone 
Joint Surg Am. 2014;96(1):11-19.

13. Hijioka A, Suzuki K, Nakamura T, Hojo T. 
Degenerative change and rotator cuff tears. An 
anatomical study in 160 shoulders of 80 cadavers. 
Arch Orthop Trauma Surg. 1993;112(2):61-64.

14. Gerber C, Meyer DC, Schneeberger AG, Hoppeler H, 
von Rechenberg B. Effect of tendon release and 
delayed repair on the structure of the muscles of the 
rotator cuff: an experimental study in sheep. J Bone 
Joint Surg Am. 2004;86-A(9):1973-1982.

15. Park JG, Cho NS, Song JH, Baek JH, Jeong HY, Rhee 
YG. Rotator Cuff Repair in Patients over 75 Years of 
Age: Clinical Outcome and Repair Integrity. Clin 
Orthop Surg. 2016;8(4):420-427.

16. Gumina S, Carbone S, Campagna V, Candela V, 
Sacchetti FM, Giannicola G. The impact of aging on 
rotator cuff tear size. Musculoskelet Surg. 2013;97 
Suppl 1:69-72.

possible the MCID was applied to the functional 
outcome measure in an attempt to demonstrate a 
meaningful change in the absence of statistical sig-
nificance. The lack of reporting of statistically sig-
nificant differences limits impact and interpretation 
of the results. (Figure 4). Additionally, the lack of 
level I and II experimental design studies prevented 
assignment of a a GRADE A Recommendation for 
the use of exercise therapy in the treatment of FTT. 

Despite these limitations, this is currently the most 
comprehensive search that has been conducted in 
regards to conservative management of FTT. Fur-
thermore, the results have been used to substanti-
ate and provide suggestions to the recently proposed 
‘Edwards Protocol’ which can be used to guide clini-
cal practice and provide a starting point for future 
high-quality randomized control trials. 

 CONCLUSION
The results of the current systematic review of the 
current literature provided few high-quality ran-
domized control trials and a predominant number of 
observational studies, indicating GRADE B Recom-
mendation (moderate strength) to support the use 
of ET in the management of FTT. There is substan-
tial evidence to support the use of exercise therapy 
as first line management, especially in individuals 
>60 years of age with chronic, degenerative FTT. 
   Future efforts should focus on coming to a consen-
sus regarding exercises and interventions that are 
most effective in the conservative treatment of indi-
viduals with full thickness rotator cuff tears.
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1. Video Presentation Summarizing Review and Results
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