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ABSTRACT
Context: Recent advances within the field of genetics are currently changing many of the methodologies in which 
medicine is practiced. These advances are also beginning to influence the manner in which physical therapy services 
are rendered. Rotator cuff pathology is one of the most common diagnoses treated by the sports physical therapist. 
The purpose of this commentary is to educate sports physical therapists on the recent advances regarding how genet-
ics influences rotator cuff pathology, including rotator cuff tears, and provide a perspective on how this information 
will likely influence post-operative shoulder rehabilitation in the near future. 

Evidence Acquisition: A comprehensive review of the literature was completed using the Medline database along 
with individual searches of relevant physical therapy, surgical, cell biology, and sports medicine journals. Search 
terms included: shoulder, rotator cuff pathology, genetics, apoptosis, and physical therapy. Search results were com-
piled and evaluated; relevant primary studies and review articles were gathered; the results from this comprehensive 
review are summarized here. 

Study Design: Clinical Commentary, Review of the Literature

Results: Recent advances within the understanding of rotator cuff pathology have further elucidated the cellular and 
molecular mechanisms associated with rotator cuff tears. There appears to be a hypoxic-induced apoptotic cellular 
pathway that contributes to rotator cuff tears. Activation of specific proteins termed matrix metalloproteinases appear 
to be involved in not only primary rotator cuff tears, but also may influence the re-tear rate after surgical interven-
tion. Further advancements in the understanding of the cellular mechanisms contributing to rotator cuff tears and 
postoperative techniques to help prevent re-tears, may soon influence the methodology in which physical therapy 
services are provided to patients sustaining a rotator cuff injury.

Conclusions: At this time continued research is required to more fully develop a comprehensive understanding of 
the role of genetic variables both within primary rotator cuff tears and their influences on post-operative rehabilita-
tion from rotator cuff repair surgery. 

Level of Evidence: Level 5

Key words: Apoptosis, matrix metalloproteinases, post-operative rehabilitation, shoulder
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INTRODUCTION
The power of genetics has already greatly altered 
the landscape in which medicine is practiced in 
many fields. An improved understanding of the 
influence of genetic variability among individuals 
is contributing to personalized medicine directed 
toward a patient’s specific genetic profile. A specific 
example of these recent advancements is within 
pharmacogenomics where the ultimate goal is to 
design pharmaceuticals personalized to an individ-
ual’s genetic make-up in order to improve outcomes 
and decrease risks.1 The utility of genetic informa-
tion to personalize pharmacological interventions is 
logical, however, the impact of genetic information 
on the delivery of physical therapy services is a bit 
more challenging to conceptualize. 

Improving the awareness of how the cellular and 
molecular processes influence tissue homeostasis 
can enhance a clinician’s ability to deliver optimal 
care through the appropriate therapeutic interven-
tion. The concept of how genetic information will 
influence the delivery of physical therapy interven-
tions was highlighted in a review article within the 
December 2009 issue of PT in Motion Magazine.2 
This review article summarized the opinions of 
several physical therapists regarding the impact of 
genetics on the field of physical therapy, and the 
necessity to expand the education of physical thera-
pists to understand the implications of genetics for 
optimal patient care. These earlier predictions on 
the impact of genetics within the field of physical 
therapy seemed very futuristic, but more recent 
advances in both genetics and physical therapy are 
now making this relationship more of a reality than 
a theoretical dream. 

The importance of genetic information and its 
influence on clinical decision-making for physical 
therapists was recently highlighted in a two part 
series on regenerative rehabilitation and genomics 
in Physical Therapy Journal in 2016.3-5 Norland et 
al, stressed the importance of staying abreast with 
medical advances, beginning with the initial course-
work of graduate physical therapy programs.3 More 
importantly, their survey revealed that many aca-
demic programs have yet to adequately incorporate 
new medical knowledge and technology regarding 
regenerative medicine into their respective doctor 

of physical therapy (DPT) curriculum. As physical 
therapy education has transitioned to a doctorate 
degree, a greater understanding of the basic science 
of genetics, and its subsequent influence on a per-
son’s response to medical interventions is required. 
This dearth of fundamental genetic education 
within many DPT curriculums was also highlighted 
by Goldberg.6 This position paper emphasized the 
necessity of a physical therapist to understand 
the influence of genetic factors in maintenance of 
health and development of disease. Furthermore, 
the relevance of regenerative rehabilitation topics 
on the future of physical therapy practice was rated 
as being strongly relevant by 71.3% of polled DPT 
students and 67.3% of DPT faculty.3 Indeed, the 
need for the physical therapy profession to further 
advance its understanding of fundamental genetics 
and its influence on the development of disease was 
elucidated in an editorial by Ambrosio and Kleim, 
who proclaimed the ‘Genomic Era’ is already impact-
ing the practice of physical therapy.4

Norland et al reported that it is likely many physical 
therapists are unaware of the influence of genetics 
on a patient’s response to medical interventions.3 It 
is also likely that therapists may not recall the basic 
science behind genetics from the four-letter DNA 
code through translation to proteins that constitute 
the fundamental makeup of an individual. Curtis 
et al reviewed the basic science of genetics and its 
implications for physical therapists.5 Even the Amer-
ican Physical Therapy Association has embraced the 
genomic era by developing a webpage that provides 
information about the role of genetic technology 
within patient care.7 Certainly, providing a compre-
hensive review of the basic science of genetics and 
the overall influence on the field of physical ther-
apy is beyond the scope of this manuscript. How-
ever, readers are encouraged to reference these two 
sources for an excellent overview of the basic con-
cepts behind genetics.5,7

The purpose of this literature review and clinical 
commentary is to educate sports physical thera-
pists on the recent advances regarding how genetics 
influences rotator cuff pathology, including rotator 
cuff tears, and provide a perspective on how this 
information will likely influence post-operative 
shoulder rehabilitation in the near future. Moreover, 
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physical therapists are an integral part of the post-
op recovery from a rotator cuff repair; therefore, it 
is important that physical therapists begin to under-
stand how genetic variables can influence a patient’s 
overall recovery. 

GENETIC INFLUENCES ON ROTATOR CUFF 
PATHOLOGY

Family History of Rotator Cuff Tears
A complete understanding of the exact etiology of 
rotator cuff tears remains elusive, however, there 
are likely several factors, both genetic and environ-
mental, contributing to these tears. It has previously 
been determined that there is an increased risk of 
rotator cuff pathology among first and second degree 
relatives.8 Harvey et al showed siblings of individu-
als diagnosed with a rotator cuff tear had more than 
twice the relative risk for developing a rotator cuff 
tear.9 This finding was also supported by Tashjian et 
al who reported relatives with similar genetic pro-
files are afflicted with rotator cuff tendinopathies at 
a higher rate.10 Interestingly, they also found spouses 
also display an increased prevalence of rotator cuff 
pathology, suggesting an ‘environmental’ factor may 
also be present, as an individual’s spouse would 
have a dissimilar genetic profile, but likely engage 
in similar activities. The interplay of genetic predis-
position and environmental factors appears to play 
a role in the development and progression of rotator 
cuff pathology.11 The exact genetic profile responsi-
ble for being more susceptible to a rotator cuff tear 
is not currently entirely understood, but researchers 
have discovered a collection of genes that contribute 
to rotator cuff pathology.12

Cellular Mechanisms Orchestrating Rotator 
Cuff Pathology
The confined position of the supraspinatus ten-
don within the subacromial space makes this ten-
don especially susceptible to degenerative changes. 
Impingement of the tendon has been suggested to 
cause mechanical damage and failure of the ten-
don.13,14 As noted previously by authors of the hered-
itary studies, mechanical strain is not exclusively 
responsible for the high prevalence of rotator cuff 
tears. Recent studies on rotator cuff tendinopathy 
reveal the process of ‘apoptosis’ is regularly involved 
in tendon degeneration.15-17 

Apoptosis is a highly regulated cellular process dur-
ing which cellular contents are recycled and remod-
eled.18 Apoptosis is an integral aspect of cellular 
homeostasis and directly influences important cel-
lular processes such as embryonic development. 
For example, apoptosis is responsible for the coor-
dinated elimination of tissue between fingers dur-
ing the development of a defined hand within a 
vertebrate limb.18 Apoptosis not only occurs dur-
ing development, but throughout the lifespan in 
order to promote tissue remodeling and turnover. 
Repressed apoptosis can result in pathology such 
as cancer where cellular tissue continues to expand 
unregulated since the processes of apoptosis are 
unable to effectively prevent continued expansion 
of a tumor.19 Conversely, excessive apoptosis can 
result in premature degradation of tissue such as 
that which occurs during autoimmune diseases.20 By 
comparison, excessive apoptosis within the rotator 
cuff tendon can alter the balance of normal tissue 
turnover and promote increased soft tissue degrada-
tion leading to tissue tearing. Yuan et al has shown 
an increased prevalence of apoptotic tissue within 
the edges of torn supraspinatus tissue compared to 
the control subscapularis tendon.21 Consequently, 
the management of apoptosis is highly regulated 
at the cellular level and is dependent on a variety 
of cellular signals to ensure the proper balance of 
apoptosis for normal tissue homeostasis.

For example, the regulation of apoptosis is coordi-
nated by cellular signaling proteins (such as cyto-
chrome C) that are responsible for activating a 
family of protease enzymes called caspases (Figure 
1). Caspases in turn promote the degradation of cel-
lular contents during apoptosis.22 Individuals with a 
rotator cuff tear display increased expression of cyto-
chrome C and caspase 3/7, 8 and 9 at not only the 
distal aspect of the tear, but also within regions more 
proximal to the tear.17 This expression response was 
not observed in control patients undergoing sur-
gery for proximal humeral fractures. Millar et al also 
described that an increase in caspase expression was 
noted in both animal and human subjects with rota-
tor cuff tears.23 They suggested that these cytokines 
may play a role in oxidative-stress induced apopto-
sis, however, the exact mechanisms and signaling 
that initiate the cascade toward apoptosis is not fully 
understood. 
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tion between BNip3 and pro-apoptotic pathway via 
a cytochrome C and caspase dependent pathway is 
still controversial.27,28

A study exploring the ‘hypoxia/cascade mechanism’ 
of apoptosis activation, investigated rotator cuff tis-
sue from individuals experiencing various degrees 
of impingement, various stages of rotator cuff tears, 
and control individuals undergoing surgery for a 
shoulder stabilization procedure.29 Interestingly, 
Benson et al found that indeed a high level of expres-
sion of the protein, HIF1 α, could be observed in the 
partial, small, medium, large, and massive rotator 
cuff tears. Also, a concomitant increase in expres-
sion of the protein BNip3 in these tissues was seen, 
except for the massive tears, where BNip3 actually 
decreases. The reduction of BNip3 in the massive 
tears was hypothesized to be due to an adaptation of 
the remaining tenocytes into chondrocyte-like cells, 
which would tolerate the hypoxic environment bet-

The poor blood supply to the distal supraspina-
tus tendon has long been established.24 As a con-
sequence, it has been proposed that one possible 
mechanism of excessive apoptosis within the rota-
tor cuff tendon may be due in part to poor vascular-
ity, which may cause a hypoxia trigger creating a 
cascade of signals initiating apoptosis. For example, 
two proteins, Hypoxia Inducible Factor 1 α (HIF1 α) 
and Bcl-2 Nineteen kilodalton interacting protein 
(BNip3), have been shown to promote a pro-apop-
totic response in cells (Figure 1).25 It has also been 
established that over-expression of HIF1 α, can cause 
a successive expression of BNip3.26 Thus it appears 
that HIF1 α is an upstream regulator of BNip3 as part 
of a signaling cascade that elicits apoptosis within 
a hypoxic environment. Downstream of these sig-
naling proteins are the previously mentioned cyto-
chrome C and caspases, which further propagate the 
cellular signaling associated with apoptosis within 
rotator cuff tissue.25 (Figure 1) However, the connec-

Figure 1. Apoptotic cascade initiated by a hypoxic environment. Briefl y, the regulation of apoptosis is coordinated by cellular 
signaling proteins starting with the initiation of HIF1 α. Once activated, HIF1 α is then believed to activate BNip3 (a Bcl-2 Nineteen 
kilodalton interacting protein) at the mitochondrial membrane. After the activation of BNip3, Cytochrome C is subsequently acti-
vated which in turn then promotes a pro-apoptotic response through the activation of caspases. However, the connection between 
BNip3 and Cytochrome C activation has not yet been fully elucidated. This apoptotic response is believed to promote the initiation 
and subsequent propagation of rotator cuff tears. Hypoxia Inducible Factor 1α (HIF 1α); Bcl-2 Nineteen kilodalton interacting 
protein (BNip3); (Picture of Torn Rotator cuff purchased from Nucleus Medical Art Inc / Alamy Stock Photo in accordance with 
their license agreement).
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ter. No increased expression was noted within the 
control subjects. Interestingly, Benson et al also saw 
a spike in expression of HIF1 α in the mild impinge-
ment group without a subsequent increase in BNip3. 
This may be due to vascularity changes during the 
early stages of impingement and enough regulatory 
processes within the cell to inhibit the apoptotic 
pathway from progressing further. Consequently, 
this study supports the early initiation of conserva-
tive care such as physical therapy to help improve 
oxygen flow to the tissue and open the subacromial 
space through stretching of the pectoralis minor 
musculature and strengthening of the periscapu-
lar musculature.30,31 Early intervention of physical 
therapy may prevent the initiation of an ‘aggressive 
apoptosis cascade’ which could progress toward a 
full blown apoptotic response within the rotator cuff 
tissue.

Another component of apoptosis within the rota-
tor cuff is the expression of proteins called matrix 
metalloproteinases (MMP). Once activated, these 
enzymes degrade all components of connective tis-
sue.32 This enzymatic breakdown of connective tis-
sue is an essential component to apoptosis, but is 
also deleterious to conservative care and post-oper-
ative healing of rotator cuff pathology.33 MMPs are a 
family of 23 proteins precisely regulated by endoge-
nous inhibitors and induced by factors such as phys-
ical stress and cytokines.34,35 Therefore, the balance 
between suppression and induction of the MMPs can 
determine the overall level of degradation within 
the connective tissue extracellular matrix. Specifi-
cally regarding rotator cuff degeneration, multiple 
authors have described alterations in protein expres-
sion levels of MMP1, MMP2, and MMP3, with the 
majority of studies finding increased expression of 
MMP1 within torn supraspinatus tissue.36-38 Castagna 
et al found these increased enzyme levels not only 
in the region of the torn supraspinatus tissue, but 
also in intact portions of the medial supraspinatus 
and the subscapularis, which suggests a more global 
breakdown of tissue may be occurring.37 The global 
expression of MMPs within this study was suggested 
as a possible precursor for subsequent rotator cuff 
tearing. The exact role in which MMPs are regulated 
is not fully understood, but again oxidative stress is 
predicted to induce a signaling cascade.39 The con-
tribution of MMPs in the degradation of rotator cuff 

tissue support the role of early intervention by phys-
ical therapist to promote an environment within the 
distal supraspinatus tendon to help prevent progres-
sion of this hypoxic induced apoptotic cascade.

Individual Differences in Cellular Driven 
Apoptotic Rotator Cuff Degeneration
With a more complete understanding of some of the 
cellular and molecular mechanisms contributing to 
rotator cuff pathology, the next question is whether 
there are unique differences within an individu-
al’s genetic makeup increasing propensity and /or 
risk for rotator cuff pathology. Genetic differences 
uniquely distinguish one individual from the next. 
The variability of these differences at the DNA level 
have been reported to be very small, approximately 
0.1% between individuals.40,41 Although a small per-
centage, with the human genetic code being three 
billion letters long, these differences account for 
much of the variability among people. The vari-
ances in the genetic code between individuals are 
termed single nucleotide polymorphisms (SNPs).42, 

43 These SNPs can account for everything from a per-
son’s response to medication to their susceptibility 
to numerous medical conditions including, asthma, 
cancer and diabetes to name a few.44-48 Tashjian et 
al determined there are two SNPs in genes associ-
ated with apoptosis that may make an individual 
more susceptible to a rotator cuff tear.49 Their study 
involved genetic analysis of 311 subjects with a full 
thickness rotator cuff tear. Those with a partial 
thickness tear were excluded from the study. The 
subjects were compared to a control database of 
3293 individuals. The results showed a statistically 
significant association of SNPs within the genes of 
SAP30BP and SASH1, both of which are associated 
with the apoptotic process. The authors concluded 
that alterations within these genes might promote 
increased protein activity, thus leading to a higher 
tendency of tissue breakdown and subsequent rota-
tor cuff tears in individuals with these SNPs.

In summary, the cellular and molecular mecha-
nisms involved with rotator cuff tears are both highly 
regulated and complex. Researchers are just begin-
ning to understand the milieu of cellular signaling 
that induces apoptosis within the rotator cuff tissue 
contributing to an intrinsically driven process that 
promotes both the initiation and subsequent propa-
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gation of a rotator cuff tear.11,12 This understanding 
now has the potential to help implement specific 
interventions to prevent the initiation of a rotator 
cuff tear and also help advance treatment strategies 
to optimize post-operative outcomes.

GENETIC INFLUENCES ON POST-
OPERATIVE ROTATOR CUFF REPAIR
A recent commentary by Dr. Theodore Blaine states: 
“the molecular therapeutics and targeted gene 
therapies are the new frontier in treatment of rota-
tor cuff disease”.50 (e163) Several recent studies have 
investigated how the cellular processes regarding 
the intrinsic formation of rotator cuff tears can also 
influence the post-operative outcome of surgically 
repaired rotator cuff tissue.51-53

Tashjian et al recently identified a SNP within the 
estrogen-related receptor beta (ESRRB) gene that 
appears to promote increased susceptibility to 
re-tears after a rotator cuff repair.51 SNPs within 
ESRRB have previously been shown to correlate 
with increased prevalence of rotator cuff tearing.54-56 
Indeed, the ESRRB protein is believed to promote 
increased HIF activity through an upregulation of 
HIF transcription.57 As noted previously, HIF activ-
ity is associated with the process of apoptosis. The 
Tashjian et al study examined 72 patients undergo-
ing an arthroscopic repair of a full thickness rota-
tor cuff tear. They then completed MRI analysis at 
least one year post-operatively and detected a 42% 
re-tear rate. The patients with a re-tear were found 
to display a statistically significant increased preva-
lence of a SNP within the ESRRB gene compared to 
patients that did not re-tear. Additionally, they did 
not find any difference in age, supraspinatus muscle 
quality, or single versus double row repair type in 
tears that healed or re-tore. This finding indicates 
that the genetic profile, i.e. presence or absence of 
the SNP within the ESRRB gene, may be a better pre-
dictor of future rotator cuff post-operative re-tearing 
than some of the traditional factors such as muscle 
quality or age.

The negative implications of increased MMP protein 
expression on the integrity of rotator cuff tissue has 
been established.33, 36-38 For example, Gotoh et al inves-
tigated the presence of MMP gene expression during 
rotator cuff repairs by harvesting a marginal section 

of the torn tendon and analyzing expression activity 
of various MMPs and MMP inhibitors.52 Twenty-four 
patients were included in the study and repeat imag-
ing was completed at greater than one year post-op 
and revealed that six patients experienced a re-tear. 
Within the patients with a re-tear they found a statis-
tically significant increase in MMP3 gene expression 
compared to individuals within the study that did 
not experience a re-tear. One limitation to this study 
was that they were measuring gene expression and 
not actual protein activity. Another limitation noted 
is the patients that experienced re-tear also demon-
strated an increased duration of time from injury 
to surgical intervention compared to the group that 
did not display a re-tear. This finding emphasizes a 
potential urgency of surgical intervention follow-
ing the initial injury. Furthermore, if there is such 
a delay, then it seems as if the expression of MMP3 
may need to be monitored to help predict patients 
that may re-tear. 

Robertson et al examined 30 patients with a supra-
spinatus tear in a similar study, with the tear being 
classified as full thickness or high-grade partial-
thickness (>80% torn), and massive tears were 
excluded.53 At the time of surgery, a tissue sample 
of the torn supraspinatus was harvested along with 
a sample of the subscapularis to be used as a con-
trol. Several genes involved in inflammation and 
tendon degradation were then analyzed for expres-
sion levels in the harvested tissues. At greater than 
six months post-op, ultrasound was used to detect 
any re-tears and seven patients were found to have 
re-tears. Within this study, they found an increase 
in MMP1 and MMP9 gene expression within the 
patients that re-tore, compared to the group that dis-
played good healing. Unlike the Gotoh et al study, 
no difference in duration of symptoms was noted 
between the defect group and the healed group. 
Interestingly, they also found increased MMP9 gene 
expression within the healthy subscapularis ten-
don of the re-tear group which was not found in the 
healed group. MMP3 gene expression was not exam-
ined within this study.

From these three studies,51-53 it can be concluded 
that it may be possible to predict which patients 
will respond well to rotator cuff repairs and which 
patients will face an increased risk of re-tear based 
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on genetic profiles and from tissue samples. This 
information has led several researchers to investi-
gate if exogenous inhibitors of MMPs applied during 
tendon repairs in an animal model could improve 
repair strength. One study utilized the MMP inhibi-
tor, α-2-macroglobulin protein, and applied this pro-
tein to the tendon-bone interface during a rotator 
cuff repair in rats. Increased collagen organization 
and reduction in collagen degradation was noted at 
two and four-weeks compared to the control group 
where this inhibitor was not utilized.58 The antibiotic 
doxycycline is another inhibitor of MMPs and an ani-
mal study by Pasternak et al found that rat Achilles 
tendons repaired with doxycycline coated sutures 
resulted in improved suture-holding capacity com-
pared to a control group with uncoated sutures.59 
Furthermore, rats who underwent a detachment 
and immediate repair of the supraspinatus displayed 
improved healing enthesis when started on oral dox-
ycycline preoperatively or at post-operative day five 
compared to control animals where doxycycline was 
not administered.60 This study also found a reduction 
of MMP13 protein activity at post-operative day eight 
in the doxycycline treated rats compared to controls, 
suggesting that inhibition of this MMP promoted 
aspects of improved rotator cuff healing. At this time 
MMP inhibitors have not been investigated in human 
subjects for surgical repair of the rotator cuff.

Ling et al took an alternative approach by not exam-
ining the expression level of the MMP3 gene, but 
rather investigated the presences of SNPs within the 
MMP3 gene and also interleukin 6(IL-6) gene.61 IL-6 is 
an inflammatory cytokine, which has been associated 
with the presence of subacromial bursitis.62,63 In con-
trast to previous studies, they focused on the influ-
ence of SNPs within these two genes on post-operative 
stiffness rather than the rate of post-operative re-tear-
ing. Ling et al examined 188 patients undergoing a 
mini-open rotator cuff repair and found the presence 
of SNPs within both IL-6 and MMP3 genes that signifi-
cantly correlated with increased post-operative stiff-
ness. These SNPs may result in different isoforms of 
the MMP3 protein, where a structurally similar pro-
tein from the same gene may display slightly differ-
ent functions between people based on the SNP that 
is present. The authors suggest the presence of these 
SNPs in a post-operative patient may justify a more 
aggressive post-operative rehabilitation approach to 

help prevent excessive post-operative stiffness. This 
study contrasts previous reports that indicate exces-
sive expression of the MMP3 gene may result in an 
increased presence of re-tear rates in individuals hav-
ing a rotator cuff repair. Therefore, one can conclude 
from this study that not only the expression level, but 
also the unique isoform of the MMP protein may need 
to be examined to determine if a patient can be cat-
egorized into an increased risk of re-tear or post-oper-
ative stiffness susceptible group. The SNP within the 
MMP3 gene of this recent study may have influenced 
the activity of the MMP3 protein, thus preventing 
normal collagen remodeling, resulting in excessive 
collagen deposition and subsequent stiffness. The 
role of this SNP on MMP3 protein function was not 
explored within this study, therefore, the cause of the 
increased tightness within patients displaying this 
SNP remains hypothetical. Ling et al highlight how 
further research is required to more fully elucidate 
how the complex interplay between these numer-
ous proteins can influence a patient’s post-operative 
recovery and return to a high level of function.

CLINICAL REHABILITATION IMPLICATIONS
It is not understood whether changing the biological 
environment by improving vascularity or alleviating 
mechanical stress has any effect on the apoptotic 
cascade once it is initiated. However, the authors 
argue in favor of utilizing physical therapy interven-
tions to address impairments contributing to rotator 
cuff impingement. This includes, but is not limited 
to: thoracic mobilizations, capsular stretching/mobi-
lizations of the shoulder girdle joints, scapular sta-
bilization exercises, and rotator cuff strengthening.

Kokmeyer et al outlined several rotator cuff repair 
prognostic indicators and recommended post-opera-
tive protocols based on several key factors, however 
the inclusion of genetic factors was not considered 
with these initial recommendations.64 The future of 
sports medicine is to consider these genetic factors 
when choosing a rehabilitation protocol (Table 1). It 
is not known if altering a rotator cuff repair protocol 
based on genetic factors will ultimately improve sur-
gical outcomes, but we advocate that it is reasonable 
to modify the rehabilitation progression in light of the 
patient’s unique genetic presentation (Table 2). Com-
plications following arthroscopic rotator cuff repair 
are common. One of the most common complications 
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is post-operative stiffness.65-67 Huberty et al outlined 
several risk factors for developing post-operative stiff-
ness 68 (Table 3). The presence of SNPs within MMP3 
and IL-6 genes could be added to this list of risk fac-
tors. Meijden et al presented evidence-based guide-
lines for rehabilitation following arthroscopic rotator 
cuff repair.69 The “moderate” rehabilitation protocol 
is designed for the young patient with good tissue 
quality or a small tear. The moderate protocol calls 
for PROM to begin immediately without restrictions. 
Koo et al presented a modified accelerated rehabili-
tation program beginning with active assisted table 
slides immediately.70 They stated that this modifica-
tion helped to keep the rate of stiffness low (<1%) 
in the high-risk group of patients. Uhl et al showed 

the prayer stretch position used to regain forward 
elevation ROM has minimal supraspinatus and infra-
spinatus activation, with only 2-10% maximum vol-
untary isometric contraction (MVIC).71 Adding table 
slides and/prayer stretch immediately in the group 
with high risk of developing post-operative stiffness, 
including those with SNPs within the MMP3 and IL-6 
genes, is recommended by the authors of this clinical 
commentary to avoid this complication.

Another common complication of arthroscopic 
rotator cuff repair is re-tear of the repaired tendons. 
Galatz et al report re-tear rates as high as 94%.72 
Thomazeau et al state that, in the presence of rota-
tor cuff atrophy, recurrent rotator cuff tears occur 

Table 1.  Rotator Cuff Repair Rehabilitation Protocols Classifi ed by Prognostic Factors

Table 2.  Rotator Cuff Repair Prognosis-Based Rehabilitation Protocols
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protocol. Dockery et al investigated seven passive 
shoulder motion modes and found CPM, Codman’s 
and therapist-assisted PROM, generated the lowest 
percentage of MVIC of rotator cuff activity.74 There-
fore, such exercises or mobility interventions are 
recommended for the PROM stage. At six weeks 
post-surgery AAROM should begin progressing 
slowly to AROM. This progression should account 
for progressive increases in rotator cuff activation. 
Wise et al demonstrated vertical wall slides have rel-
atively low rotator cuff activation (8-13%) whereas 
unsupported vertical slides increases cuff activation 
(10-17%).75 Therefore, considering not only the rate 
of exercise progression, but the selection of exercise 
within the post-operative rehabilitation process, is 
vital to help prevent re-tearing in patients that may 
be susceptible to re-tearing due to their specific 
genetic profile.

CONCLUSION
The techniques used to repair torn rotator cuff ten-
dons has evolved immensely since Karl Hüter per-
formed the first rotator cuff repair in 1870.76 The 
innovation of utilizing arthroscopic techniques on 
the shoulder in the 1980s was a major breakthrough 
in the advancement in addressing shoulder pathology 
and more specifically rotator cuff tears. The next such 
innovation appears to be within the realm of utiliza-
tion of genomic information to improve outcomes. 

One concern about utilization of genetic infor-
mation is the potential increased cost associated 
with analyzing a patient’s genetic profile and gene 
expression levels during rotator cuff repair surgery. 
With exploding healthcare costs, this is a very real 
concern. However, as the understanding of the cel-
lular processes associated with rotator cuff tears has 
advanced, so has the technology associated with 
sequencing DNA samples. Recent advances have 
reduced the cost of sequencing a million base pairs 
of DNA from thousands of dollars to mere cents.77 
Genomic sequencing has become such common-
place that individuals now have the liberty of exam-
ining part of their genetic profile at home through 
kits available from various websites for a moderate 
fee.78,79 If individuals are willing to pay for genetic 
information from these sites out of curiosity, they 
would also likely be willing to accept extra expenses 
associated with this analysis during a rotator cuff 

in 25% of patients.73 Koo et al report those with a 
large tear (>5cm) or involving more than two ten-
dons also have an elevated risk of re-tear.70 Patients 
with increased MMP gene expression are at a higher 
risk for recurrent tear of the repaired rotator cuff. 
Meijden et al outline a conservative protocol for 
the older patient with poor tissue quality or large 
tears.69 Their protocol outlines the patient wears a 
sling for six to seven weeks with PROM beginning 
at week three. PROM in the conservative protocol 
is restricted to 120 degrees of flexion, 30 degrees 
of external rotation, internal rotation to the belly 
and 90 degrees of abduction until week five. AROM 
is delayed until week six to seven in the conserva-
tive protocol. There are several genetic risk factors 
for recurrent tear following a rotator cuff repair 
(Table 4). When a dysfunctional apoptotic cascade 
is present, such as increased expression of MMP1, 
3, 9 genes or the presence of SNPs within SAP30BP, 
SASH1 or ESRRB genes, the authors of this com-
mentary recommend following the conservative 

Table 3.  Post-Operative Stiffness Risk Factors

Table 4.  Possible Post-Operative Re-Tear Genetic 
Risk Factors
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ready to embrace a new framework for understand-
ing not only the structural aspects of a rotator cuff 
repair, but also the cellular mechanisms that facili-
tate a successful surgical outcome. Adopting this 
knowledge into routine patient care may optimize 
post-operative outcomes and help substantially 
reduce post-operative re-tear rates.
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