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study, Case B had 76% and 14% weaker hip abduc-
tor and quadriceps strength 12-months post THA. 
It is possible that strength gains in this individual 
were limited by tissue damage associated with the 
anterolateral surgical approach,34 or intraoperative 
considerations like insufficient femoral offset.35 In 
retrospect, Case B may have benefited from a longer 
duration program or continuation with an indepen-
dent regimen after discharge from the intervention. 
However, currently there are no prognostics indica-
tors to identify participants who will benefit from 
longer care or independent exercise regimens.

Both cases demonstrated changes in the PSFS that 
exceeded the minimal detectable change.28 Using 
exercises that target patient-specific goals may 
improve patient engagement, provide changes that 
are meaningful to the patient, and foster changes 
in overall physical activity. Although both individu-
als in this case series performed well on the com-
mon performance measures, they reported low 
levels of physical activity compared to previously 
reported data in patients after THA (approximately 
3000met/week).36 Both individuals demonstrated 
large improvements in self-reported activity lev-
els at the end of the intervention, which were 

the recovery phase. The intervention was feasible in 
a clinical setting and showed an increased strength 
and functional abilities in two subjects without pro-
longed exacerbation of symptoms. Pain in the surgi-
cal hip at the end of a session was reported a total of 
three times, was limited to minimal pain, and may 
have been related to the beginning of an exercise 
routine or higher level of exercises. Assessing pain 
and potential exercise adverse effects may help cli-
nician tailoring session that promote gains, while 
limiting patients’ discomfort.32 

At the end of the intervention, muscle strength on 
the operated side improved on average 25% for the 
hip abductors and 33% for the knee extensor. Case A 
strength exceeded pre-operative values for both the 
hip abductor and quadriceps muscles. Case A dem-
onstrated symmetrical quadriceps strength, which 
was maintained 12 months after THA. When com-
pared to female subjects in the longitudinal study, 
Case A had 53 and 43% greater hip abductor and 
quadriceps strength 12-months post THA. Case 
B demonstrated strength gains during the inter-
vention, but was not able to achieve pre-operative 
levels and strength decreased at the 3-month follow-
up. Compared to male subjects in the longitudinal 

Table 4. Patient reported outcome, performance-based, and strength measure of the two participants recruited for 
the current study and the female (N = 16) and male (N = 16) participants of the parent longitudinal study at the 
12-month follow up visit
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LIMITATIONS
The absence of a direct measure of physical activ-
ity (i.e., using an activity monitor) is considered 
a limitation of this study because patients post-
arthroplasty tend to overestimate their self-reported 
activity level.12 Inherent limitation of this type of 
case-series include the lack of generalizability of the 
results, although the comparison with an histori-
cal cohort gives an interesting perspective on the 
changes promoted by the intervention. 

CONCLUSION
 The exercise intervention protocol used in this 
case series improved leg strength, weekly physical 
activity, and the ability to perform demanding rec-
reational and sport participation, without produc-
ing adverse effects. These improvements occurred 
even though patients in this case series scored well 
on common performance tests, such as TUG, SCT, 
and 6MW. This intervention is a novel approach that 
could potentially increase activity levels and restore 
recreational participation in patients after THA.
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Appendix A. Exercise Log for Sessions One, Nine and Eighteen for Case A
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Appendix B. Exercise Log for Sessions One, Nine and Eighteen for Case B
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Appendix c. Appendix C. Case A self-reported severe joint pain, swelling, tenderness, developed the day after each 
exercise session; and verbal analog scale (VAS) for pain before and after each exercise session

Appendix D. Case B self-reported severe joint pain, swelling, tenderness, developed the day after each exercise session; 
and verbal analog scale (VAS) for pain before and after each exercise session
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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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ABSTRACT

Sports-related concussions are receiving growing attention in healthcare. Most concussions resolve sponta-
neously with little or no treatment, but twenty percent of concussions take longer than three weeks to 
resolve. In some cases, symptoms can last for five years following a traumatic brain injury. Physical Thera-
pists have unique skills that can assist patients experiencing protracted recovery.

The purpose of this clinical commentary is to describe a new conceptual model that provides a framework 
for Physical Therapy management of patients with protracted recovery following a sports-related concus-
sion. The end product is a visual diagram that represents the full scope of clinical practice that Physical 
Therapy can provide to an athlete following a concussion.

Level of Evidence: 5

Key Words: Conceptual Model, Post-Concussion Management, Sports

I
J
S
P

T
CLINICAL COMMENTARY

A CONCEPTUAL MODEL FOR PHYSICAL THERAPISTS 

TREATING ATHLETES WITH PROTRACTED RECOVERY 

FOLLOWING A CONCUSSION

Mark Lundblad, DPT, MPH, OCS, CSCS1

1 The Cleveland Clinic, Cleveland, OH, USA

CORRESPONDING AUTHOR
Mark Lundblad
Cleveland Clinic Chagrin Falls Family 
Health Center
551 E. Washington St
Chagrin Falls, OH
Phone: (440) 893-9393
E-mail: mlundbla@ccf.org



The International Journal of Sports Physical Therapy | Volume 12, Number 2 | April 2017 | Page 287

INTRODUCTION

Background 
A concussion is a mild traumatic brain injury caused 
by a direct or indirect biomechanical force to the 
brain.1 This initial injury is followed by a secondary 
insult on the brain due to a metabolic cascade that 
places increased energy demands on the brain.2,3 
Each year 1.6 to 3.8 million sports-related concus-
sions occur in the United States.4 Eighty percent of 
concussions have been observed to recover within 
7-10 days.1 Twenty percent of the sports-related con-
cussions take longer than three weeks to resolve.5,6 
Symptoms such as headaches (54%), dizziness 
(37%), and anxiety (63%) may persist for five years 
after a head injury, regardless of the severity of the 
injury.7 

Predictors for having a protracted recovery include: 
loss of consciousness,8 post-traumatic amnesia and 
retrograde amnesia,8 and elevated symptom scores 
early after concussion.8,9 Females have been shown 
to have increased risk of longer recovery compared 
to their male counterparts in the same sports.9-11 
Those with a prior history of migraine and those with 
post-traumatic migraines are slower to recover.9,12 
In collegiate football players, a statistically signifi-
cant association exists between history of multiple 
concussions and a longer recovery time.13 High 
school athletes took longer to recover from neuro-
cognitive deficits than collegiate athletes following 
a concussion.14 

THE ROLE OF PHYSICAL THERAPY
Those who have protracted recovery can experi-
ence symptoms, impairments and functional losses 
that can be managed by Physical Therapists. These 
include headaches, dizziness, neck pain, fatigue, 
balance disturbances, oculomotor changes, and 
decreased coordination.15,16 Physical Therapists 
are part of the multidisciplinary team that has the 
ability to manage patients with vestibular rehabili-
tation, spine rehabilitation and controlled activity 
progression.15-20 

Vestibular-Ocular Rehabilitation 
The forces that cause a concussion can disrupt the 
neurons that run along the vestibulospinal tracts, 
control the vestibular-ocular reflex, and link central 

vestibular pathways.21,22 The peripheral vestibular 
receptors can also be injured during a concussion.21,23 
Physical Therapists can provide treatment for bal-
ance dysfunctions, gaze stabilization activities, 
vestibular habituation activities, and canalith repo-
sitioning.24-26 In the same way, oculomotor control 
can be compromised through axonal injury or blunt 
trauma to the visual control systems.27-32 Physical 
Therapists can provide treatments that are directed 
towards addressing impairments in ocular motor 
control such as convergence,33-37 smooth pursuits,38-43 
saccades,41-45 and ocular fixation.42-44 

Cervical Rehabilitation 
Dysfunctions of the neck, particularly the upper cer-
vical spine, can be responsible for producing neck 
pain and headaches,46-50 dizziness,51-53 oculomotor dis-
turbances,39,54-56 and postural dysfunctions.53,57-59 There 
are multiple isolated impairments that can poten-
tially exist in the cervical spine following a concus-
sion. Each of these impairments can be responsible 
for producing one or more of the symptoms noted 
above. 

Physical Therapists can refine their cervical-based 
care into three broader components of treatment 
that address: 

• Cervical mobility dysfunctions

• Neuromuscular control 

• Strengthening 

Cervical Mobility Dysfunctions
The first component to address is cervical mobility, 
which can be influenced by intra and extra articu-
lar factors. Although all segments of the cervical 
spine should be considered, the mobility of C1/C2 
should be of particular importance. This area of 
the upper cervical spine can produce pain, loss of 
rotational mobility, headaches, and alter postural 
control.46,51,52,60 Manual Therapy has been shown to 
have positive benefits for treatment of hypomobile 
segments in the cervical and thoracic spine for indi-
viduals following a concussion and whiplash asso-
ciated disorders.50,51,61,62 Since the thoracic spine can 
influence the cervical spine, it should also be consid-
ered with evaluation and treatment of the cervical 
spine.63 
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Neuromuscular Control 
The rapid acceleration/deceleration of the head 
can result in trauma to the mechanoreceptors in 
the cervical spine. The deep cervical flexor muscles 
are richly innervated with muscle spindles that 
provide proprioceptive and kinesthetic feedback.64 
Altered proprioceptive input in the neck can result 
in altered perceived head position.65 Higher rates 
of joint position error are noted in subjects with 
chronic whiplash-associated disorder compared to 
controls without cervical injury.66 This is consistent 
with altered proprioceptive function observed after 
injuries in other areas of the body.67 

Treatment for neuromuscular control needs to 
include activities that involve the ability to coor-
dinate muscle contraction in order to maintain 
a cervical posture. Cranio cervical flexion (CCF) 
with pressure biofeedback is a low load exercise 
approach that helps refine the individual’s ability to 
grade muscle activity of the deep neck flexors (lon-
gus capitus and longus colli), while inhibiting the 
sternocleidomastoid and anterior scalene muscles. 
A randomized controlled trial by Jull, found this 
training technique helpful in treating cervicogenic 
headaches.68

Joint reposition sense is another component for nor-
mal cervical function.39,69,70 A head mounted laser 
and a target can be used to track relocation accuracy 
after active horizontal head movements. In indi-
viduals with chronic neck pain, improvements in 
cervical kinesthesia (head reposition accuracy) was 
associated with decreased neck pain, improved cer-
vical range of motion, and improved self-reported 
functional improvement.70 

Good postural alignment helps improve muscular 
function by maximizing length tension relation-
ships.71 Suboccipital and anterior chest wall tightness 
should be addressed with stretching to help facilitate 
improved cervical spine posture.46,60,72 Addressing 
body mechanics and posture during school, activi-
ties of daily living and work can reduce strain on the 
spine that can lead to headaches and neck pain.73-75 

Strengthening
The final component of overall cervical treatment is 
strengthening the cervical and periscapular muscles. 

The Deep Neck Flexor Endurance (DNFE) Test is a 
way to measure the strength of the neck stabilizers. 
Hold time durations for the DNFE test were statisti-
cally and clinically significantly different between 
individuals without and with neck pain. Mean time 
for those without neck pain was 39 seconds.76 Nor-
mative times for asymptomatic men and women 
have be documented (Men = 39 seconds, Women = 
29 seconds).77 It is reasonable to use these outcomes 
as goals for muscle strength during the late phase of 
deficit management or early return to sports phase 
of recovery. 

Smaller mean neck circumference, smaller mean 
neck to head ratio and weaker mean overall neck 
strength were significantly associated with concus-
sion. Collins reported for each one pound increase 
in neck strength, there was a 5% reduction in the 
risk of concussion.78 A program of general muscu-
lar strengthening for the neck and periscapular 
muscles should be considered during late phase 
rehabilitation.

Exertional Activity Progression
There are three strategies for Physical Therapists to 
organize exertional aerobic activities: 

•  Light to moderate aerobic exercise

•  Controlled graded aerobic exercise

•  Exercise as an Adjunct to Managing Anxiety, 
Depression, and Sleep Disturbances

Light to Moderate Aerobic Exercise
Gagnon noted that children and adolescents who 
participated in light aerobic exercise had improved 
post-concussion outcomes compared to those who 
did not.79,80 Their patients exercised at 50-60% of 
their predicted max heart rate (220-age). Reed also 
found similar improvements with light aerobic activ-
ity in youth athletes done at the same intensities.81 
In college athletes, mild to moderate activity was 
found to be a safe adjunct to care.82

Graded Aerobic Exercise
Some athletes may experience exercise intolerance 
following a concussion that has not resolved within 
7-10 days.83 These athletes may be experiencing dys-
functions in their autoregulatory control of heart 
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rate responses attributed to imbalances in sympa-
thetic/parasympathetic activity.83-88 Leddy initially 
proposed a system of subsymptom threshold exer-
cise that was based on the Balke Protocol. Exercise 
for individuals with post-concussion syndrome was 
prescribed at 80% of the heart rate at which concus-
sion symptoms were provoked during exercise test-
ing.89 Interrater reliability for performing the Balke 
protocol was found to be high in a follow up study.90 
Leddy refined the testing procedures by modify-
ing the protocol treadmill speed, and incorporating 
thresholds for changes in symptoms and rate of per-
ceived exertion (RPE). This new protocol is known 
as the Buffalo Concussion Treadmill Test and is rec-
ommended for patients with noted exercise or auto-
nomic sensitivity.91 

Exercise as an Adjunct to Managing Anxiety, 
Depression, and Sleep Disturbances 
Following a concussion an athlete is at risk of sec-
ondary conditions such as anxiety, depression, and 
sleep disturbances. A Cochrane Review on exer-
cise and depression for adults 18 years and older, 
reported a small effect over control interventions in 
reducing depression symptoms. It was also shown 
to be no more effective than standard psychologi-
cal or pharmacological treatments.92 The Cochrane 
Review reported that exercise was a good adjunct to 
treating depression due to its associated benefits and 
having very few associated negative side effects. 

Another Cochrane Review examined the effect of 
exercise on treating anxiety and depression in chil-
dren, adolescents and young adults no older than 
20 years old. Again, a small effect was noted in the 
ability of exercise to lessen anxiety and depression 
in this population.93 This benefit was maintained 
regardless of whether the exercise was performed at 
low or high intensity levels. Exercise therapy has a 
place in mitigating the effect of depression due to 
withdrawal from normal daily activities, and as an 
adjunct to typical medical care in those patients that 
are experiencing clinical anxiety and depression.16 

Sleep can often be disrupted in the post-concussion 
populations. The Clinical Practice Guidelines for 
Concussion/Mild Traumatic Brain Injury and Persis-
tent Symptoms recommends considering exercise as 
part of sleep management.16

Addressing Challenges Facing Physical 
Therapists 
A concussion is a functional disturbance to the brain 
without observable structural injury.94 The lack of a 
pathoanatomical model, the multitude of non-specific 
symptoms, and the potential for confounding influ-
ence from co-morbidities is a challenge for Physical 
Therapists in developing appropriate treatment plans. 

Conceptual models can be used to organize physical 
and abstract information. This can assist the clini-
cian to synthesize complex clinical information into 
meaningful groups or patterns.95 Well-developed 
models can allow the user to visualize complex rela-
tionships into simple and discrete visual forms.95 The 
initial concepts for a conceptual model for the Physi-
cal Therapy management of protracted recovery 
were proposed by the author.96 These concepts were 
refined and expanded as part of this commentary. 

Purpose
The purpose of this clinical commentary is to 
describe a new conceptual model that provides a 
framework for Physical Therapy management of 
patients with protracted recovery following a sports-
related concussion.

CONCEPTUAL MODEL
This conceptual model is for post-concussion 
patients that do not recover spontaneously within 
7-10 days. This model is made up of four levels of 
treatment considerations. The levels of treatment 
consideration are: Recovery Time Line, Phases of 
Recovery, Progression of Treatment, and Physical 
Therapy Treatment Domains. (Figure 1)

Recovery Time Line
The Recovery Time Line is on the bottom of the 
model. It starts with the onset of the concussion and 
moves right with the passage of time. The time line 
ends with unrestricted return to sports. The time line 
does not provide any discrete time intervals, since 
the recovery time from a concussion can be variable. 

Phases of Recovery
The next level of treatment above the Recovery Time 
Line is Phases of Recovery. There are three phases 
that run from left to right. The first phase is termed 
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the Protection Phase. It is represented by a red cir-
cle. The color strengthens the concept of protec-
tion and stresses preventing additional trauma and 
avoiding overtasking the neurometabolic recovery 
process.2,3,97-99 It does not represent absolute rest.100-

104 The second phase is represented by a yellow 
circle and is named the Deficit Management Phase. 
This phase is focused on addressing impairments, 
neuroplasticity, and normalizing full function. The 
last phase in this model is the Return to Sport Phase 
and is represented by a green circle. This phase rep-
resents progressive return to safe sporting activities. 
The Return to Sports Phase ends when the athlete 
safely returns to full and unrestricted sports par-
ticipation. There is overlapping between the Deficit 

Management Phase and the two other phases, since 
there is no clear indication when one phase ends 
and the next starts. 

Progression of Treatment 
The third level of treatment consideration is termed 
Progression of Treatment. As time passes from the 
initial injury, there needs to be an evolving focus 
on the goals of treatment and the types of treatment 
activities emphasized. There are five treatment pro-
gressions that move from left to right, also using the 
red, yellow, green color coding. 

Relative Rest is the initial treatment focus in the 
progression of care. Relative Rest is controlled 

Figure 1. 
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activity and “rest as needed”. Symptoms are closely 
monitored and patient clinical status is assessed to 
determine appropriate activities.101,105,106 The patient 
is educated regarding which activities should be 
avoided and which activities should be modified.107 

Symptom Management is the second treatment 
focus in the progression of care. There is a proac-
tive shift towards managing potential symptom trig-
gers.80-82,86,100-102,108 These triggers may arise from an 
underlying autonomic dysfunction from the con-
cussion or developing deconditioning from reduced 
activity levels.83,86,109 Triggers can also exist from impair-
ments to the cervical spine or vestibular system.20,110 
Physical Therapy should focus on progressing activity 
level and function by mitigating existing barriers.6 

Neuoplasticity is the third treatment focus in the pro-
gression of care. Treatment activities incorporated 
should stimulate neurological plasticity in order to 
maximize long term neurological recovery.98,99,111-114 
Multi-sensory activities in situations that are purpose-
ful and meaningful result in neuroplasticity.111,113,115

Complex Functional Activities is the fourth treat-
ment focus in the progression of care. Treatment 
should emphasize maximizing full functional recov-
ery.15,115 Full functional recovery rehabilitation would 
involve real-life functional movements, occurring in 
a variety of sensory environments, and incorporat-
ing dual task activities that would approximate nor-
mal daily function for the individual.116,117 

Guided Return to Sports is the last treatment pro-
gression of care. Sports-specific activities that are 
determined to be safe are emphasized. Each sport 
and position has a different relative risk to the ath-
lete that must be considered when selecting appro-
priate activities.118-120 The individual’s prior history 
of concussions and baseline function must also be 
considered before the patient is released back to 
their sport without restrictions.5,121-123 

Physical Therapy Domains:
The Physical Therapy Domains are situated at the 
top of the conceptual model. They are the areas of 
Physical Therapist  practice through which the cli-
nician can directly impact the care of an athlete 
following a concussion. Previous discussion in this 
commentary supports their place within this model. 

Specific treatment activities selected for any domain 
are dependent on the residual deficits and the point 
of recovery on the time line. 

There are three domains in which Physical Thera-
pist can impact the residual deficits that remain dur-
ing protracted recovery: 

1. Vestibular-Ocular Rehab

2. Cervical Spine Rehab

3. Exertion Activity Progression 

A Physical Therapist may encounter patients with 
multiple deficits that require multiple domains of 
care.124 If one type of treatment domain is outside 
the therapist’s knowledge base, they should consider 
collaborating with another therapist that is able to 
address the specific deficit that cannot be appropri-
ately managed by a single therapist. 

CONCLUSION 
This conceptual model was developed from a thor-
ough review of the literature to specifically describe 
the full scope of care that Physical Therapy can pro-
vide to patients recovering from a sports-related con-
cussion. The conceptual model is made up of four 
levels of treatment consideration oriented vertically. 
Each level is dependent on the level of treatment 
consideration below it. The model progresses verti-
cally, the levels become more specific to the role of 
Physical Therapy in the management of the recov-
ering athlete. Horizontally, as the time line moves 
away from the onset of concussion, the model pro-
vides a pathway for progressing treatment. 

This model can help an individual therapist organize 
their treatment plan, and improve their understand-
ing of when they may need to collaborate. In addi-
tion, this model can be used by physicians and other 
healthcare professionals to recognize which deficits 
are best managed by Physical Therapy in order to 
make appropriate referrals. The end product of this 
commentary is a visual representation of Physical 
Therapy management of protracted recovery follow-
ing a sports related concussion.
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ABSTRACT

The foundation of evidence-based practice lies in clinical research, which is based on the utilization of the 
scientific method. The scientific method requires that all details of the experiment be provided in publica-
tions to support replication of the study in order to evaluate and validate the results. More importantly, 
clinical research can only be translated into practice when researchers provide explicit details of the study. 
Too often, rehabilitation exercise intervention studies lack the appropriate detail to allow clinicians to rep-
licate the exercise protocol in their patient populations. Therefore, the purpose of this clinical commentary 
is to provide guidelines for optimal reporting of therapeutic exercise interventions in rehabilitation research. 

Level of Evidence: 5

Key words: Evidence based practice, clinical research, exercise intervention reporting
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INTRODUCTION
Scientific reporting requires adequate and detailed 
explanation of research methodology for both 
study replication (reliability) and quality (validity). 
Rehabilitation research that explores or reports on 
therapeutic exercise intervention protocols often 
lacks a detailed description of the interventions 
used. In contrast, basic science research publica-
tions tend to have more precise reporting and 
highly detailed methodological descriptions, typi-
cally conducted within a well-controlled environ-
ment. Surprisingly, many authors of rehabilitation 
research lack the detail to adequately describe 
the exercise intervention for replication in their 
research methods, sometimes only using generic 
terms such as “stretching and strengthening” to 
describe their intervention. This lack of detail in 
intervention reporting contributes to a “worldwide 
waste in research funding”.1, p.1 Furthermore, a lack 
of detailed intervention limits the evaluation and 
interpretation of systematic reviews and meta-anal-
yses, as well as the replication of research methods. 
Therefore, the purpose of this clinical commentary 
is to describe guidelines for optimal reporting of 
therapeutic exercise interventions in rehabilitation 
research. 

STANDARD REPORTING GUIDELINES
Reporting guidelines have been recommended by 
scientific journals in order for authors to include the 
necessary details of all facets of a study. The EQUA-
TOR Network (Enhancing the Quality and Transpar-
ency of Health Research; www.equator-network.
org) promotes these guidelines in order to improve 
accuracy and completeness of reporting, which aids 
in research quality and repeatability. As of Janu-

ary 1 2015, 28 rehabilitation journals have agreed 
to require authors to use several specific guide-
lines to report research methods and findings.2 Of 
note, The International Journal of Sports Physical 
Therapy (IJSPT) requires authors to use checklists 
from established reporting guidelines based on their 
study design such as “CONSORT” for randomized 
controlled trials (RCT) or “STROBE” for cohort stud-
ies (Table 1). These guidelines often include “check-
lists” for authors to use to ensure that several key 
items are addressed, unique to publication type. 
Requiring checklist review as part of journal sub-
mission improves the numbers of items reported in 
articles,3 thereby providing more study details and 
completeness of reporting. 

INTERVENTION GUIDELINES
While standard reporting guidelines focus on mak-
ing sure that specific components of specific study 
designs are included, these guidelines often provide 
minimal reporting requirements for the intervention 
component. For example, CONSORT lists “interven-
tions” as one of 22 items to address, asking authors to 
provide “precise details of the intervention intended 
for each group and how and when they were actu-
ally administered”.4,p.663 The SPIRIT guidelines pro-
vide recommendations for describing interventions 
specifically within protocols.5 While SPIRIT also 
requires an intervention description as one of 33 
items, it does require more specific reporting guide-
lines, adding detail on modifications, adherence, and 
concomitant interventions to the description. Such 
general instruction about the reporting of therapeu-
tic interventions often leaves researchers uncertain 
of exactly how much to report; in addition, the level 
of detail desired by a journal is not clear. 

Table 1. Current Reporting Requirements from IJSPT
Original Research CONSORT  (Consolidated Standards of Reporting Trials) 

STARD (Studies Reporting Diagnostic Accuracy) 

STROBE (Strengthening the Reporting of Observational 

Studies in Epidemiology) 

Systematic 

Review/Meta Analysis 

PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) 

Clinical Commentary/ 

Current Concepts 

Checklist for Clinical Commentary-Current Concepts 

Review 

Case Reports Checklist for Case Report Focusing on Unique 

Pathological Presentation 

Checklist for Case Reports Focusing on Differential 

Diagnosis 

Checklist for Case Reports Focusing on Innovative 

Intervention 
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rehabilitation, etc.) were adequately described. Inter-
estingly, pharmaceutical interventions have better 
intervention reporting than non-pharmacological 
interventions (67% vs. 29%, respectively)9 such as 
education and surgery. Furthermore, Schroter et 
al10 reported that a majority (57%) of interventions 
in clinical trials could not be replicated or clinically 
implemented based on the authors’ description of the 
treatment. As rehabilitation scientists and research-
ers, we must improve the quality of reporting. The 
IJSPT is committed to leading this initiative and sup-
porting “new” guidelines for standardized reporting 
of therapeutic exercise interventions. 

PHYSICAL THERAPY INTERVENTION 
REPORTING GUIDELINES
Physical therapy interventions are often multi-
modal, complex, and individualized. They include 
modalities, manual therapy techniques, education, 
and therapeutic exercise. Unfortunately, only gen-
eral descriptions of exercise interventions tend to 
be provided in research protocols, which allows for 
individuality and variability between clinicians and 
patients. However, such generality in description of 
interventions leads to a lack of detail available in a 
publication to allow for replication or implementa-
tion in a real-life clinical setting, thereby limiting 
translation into practice. Explicit reporting of thera-
peutic exercise interventions is important not only 
for researchers and clinicians, but also for journal 
reviewers who must assess the quality of articles in 
the peer-review process that occurs before consid-
eration for publication. A lack of detail in interven-
tion reporting may also be wasteful: the money and 
resources spent on performing the research would 
essentially be lost without effective clinical imple-
mentation. Most importantly, however, incorrect 
implementation of an intervention because of a lack 
of detail may actually cause harm to patients.

In physical therapy literature, Gianoloa et al11 found 
that less than 20% of RCTs investigating lower back 
pain rehabilitation reported the necessary details to 
transfer research into practice. In a recent review 
of 200 physical therapy RCTs in the PEDro data-
base, Yamato et al12 found 77% of articles reported 
more than half of intervention description check-
list items for the experimental groups, while only 

True implementation of evidence-based practice 
requires clinicians to be able to replicate the research 
methods of a study with their own clinical popula-
tion. For example, if a clinical trial demonstrates a 
clinically important outcome in a relevant population 
for a clinician, the same intervention would need to 
be applied in that clinician’s setting in order to deter-
mine whether similar results can be achieved in a 
different clinical population. Perhaps Hoffman et al. 
stated it best: “Without a complete published descrip-
tion of the intervention, clinicians and patients can-
not reliably implement interventions that are shown 
to be useful, and other researchers cannot replicate 
our build on research findings”.6, p. 1 

Detailed descriptions of therapeutic exercise interven-
tions are also important for researchers performing 
systematic reviews and meta-analyses. Insufficient 
detail in the description of interventions does not allow 
researchers to combine results of multiple studies into 
a meta-analysis due to potential lack of homogeneity. 
In their systematic review on post-operative rehabilita-
tion after menisectomy, Reid et al7, p. 48 noted, “The lack 
of detail in conjunction with the types of intervention 
provided meant that quantitative analysis was unable 
to be performed. Similarly, a qualitative comparison 
across the programmes was challenging.” Poor descrip-
tion of the utilized interventions ultimately limits the 
usefulness of such reviews. For example, Crossley et 
al in their review of patellofemoral pain interventions 
noted, “the lack of detailed description of the exercise 
therapy interventions limits the translation of the 
research findings into clinical practice.”8, p.5.

Case report research often suffers from lack of clarity 
in reporting of interventions, especially on first sub-
mission for publication. Lack of detail regarding inter-
vention makes peer review of case report research 
difficult and ultimately inhibits creative sharing of 
ideas for practice. The authors of this commentary 
believe that it is imperative that case report research 
describing innovative or combination interventions 
provide abundant clarity and detail regarding the 
interventions that were used so that such research 
can be analyzed for implementation in practice and 
inform the design of future research. 

Hoffman and colleagues1 found that only 39% of non-
pharmacological interventions (including  surgery, 
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The authors then reviewed 51 trials published in 
BMJ for checklist items. They found that over half 
of the articles did not include sufficient detail for 
clinicians or researchers to implement or replicate 
clinical research findings. 

In 2014, the Template for Intervention Description 
and Replication (TIDieR) guidelines and checklist 
were established by extending from the minimal 
recommendation of CONSORT and SPIRIT in order 
to improve the “completeness of reporting, and ulti-
mately the replicability, of interventions”.6, p. 1. Fol-
lowing the EQUATOR Network methodology for 
developing reporting guidelines, the authors estab-
lished a committee, generated checklist items, and 
performed a Delphi consensus survey of 74 “authors 
of research on describing interventions, clinicians, 

25% reported more than half of the items for the 
control group. They noted the most common inter-
vention description item missing from all 200 RCTs 
was modification of intervention during the trial, 
both for experimental and control groups. Yamato 
and colleagues12 further noted that physical therapy 
RCTs described interventions simply with the name 
of the developer (Pilates, McKenzie, etc), which is 
not an adequate explanation of the intervention. 
Obviously, physical therapists would not be able to 
replicate these interventions based on inadequate 
descriptions in the literature.

A particularly common practice is for authors to sim-
ply use exercise names unique to a clinic or exercise 
developer. Obviously, only using an exercise name 
without appropriate detail and description prevents 
replication or integration of the intervention proto-
col in clinic practice. This is particularly difficult for 
international audiences, who may not understand 
“jargon-laden” exercise names. 

Until recently, there were no widely accepted guide-
lines for reporting interventions in the literature. In 
2006, Toigo and Boutellier13 provided a list of impor-
tant descriptors specific to resistance exercise train-
ing based on factors leading to distinct muscular 
adaptations (Table 2). These 13 factors are important 
to identify in both planning and reporting a resis-
tance exercise intervention.

Schroter et al10 first provided a checklist of mini-
mal details needed to assess the quality of descrip-
tions of treatments (Table 3). The checklist items 
are based on how clear authors were in providing 
detail on the setting, recipient, provider, procedure, 
materials, intensity, schedule, and missing sessions. 

Table 2. Descriptors for resistance training interventions 
(modifi ed from Toigo & Boutellier13)

elpmaxErotpircseD
MR1%57edutingamdaoL

Number of repetitions 6 

1stesforebmuN

Rest in-between sets (seconds or 

minutes) 

None 

Number of exercise interventions (per 

day or week) 

2 per week 

Duration of the experimental period 

(days or weeks) 

10 weeks 

Fractional and temporal distribution of 

the contraction modes per repetition and 

duration (seconds) of one repetition 

10 s shortening 

10 s isometric 

4 s lengthening 

Rest in-between repetitions (seconds or 

minutes) 

None 

Time under tension (seconds or 

minutes) 

96 + 10 s 

Volitional muscular failure Yes 

%001noitomfoegnaR

Recovery time in-between exercise 

sessions (hours or days) 

72 hr 

Anatomical de�inition of the exercise  Yes, must be included 

Table 3. Interventions Checklist (modifi ed from Schroter et al.10)

Setting Is it clear where the intervention was delivered? 

Recipient Is it clear who is receiving the intervention? 

Provider Is it clear who delivered the intervention? 

Procedure Is the procedure (including the sequencing of the technique) 

of the intervention suf�icient clear to allow replication? 

Materials Are the physical or informational materials used adequately 

described?  

Intensity Is the dose/duration of individual sessions of the intervention 

clear? 

Schedule Is the schedule (interval, frequency, duration, or timing) of the 

intervention clear? 

Missing Is there anything else missing from the description of the 

intervention? If yes, what? 
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TIDieR has been recommended specifically for physical 
therapy intervention studies. The Journal of Orthope-
dic and Sports Physical Therapy endorses the TIDierR 
checklist, and includes it in the editorial policy.14 Alva-
rez et al15 recommended the use of TIDier in manual
therapy publications. Delahunt et al16 authored report-
ing guidelines specifically for groin pain in athletes, 
endorsing and recommending the TIDieR with CON-
SORT and STROBE guidelines for RCTs and observa-
tional studies, respectively. Physical therapists provide 
a broad range of interventions, including manual ther-
apy, modalities, and therapeutic exercise prescription. 
While physical therapy-related journals recognize the 
importance of requiring several forms of guidelines to 
encourage authors to provide detail, none are specific 
to detail related to therapeutic exercise intervention.

authors of existing guidelines, clinical trialists, 
methodologists or statisticians with expertise in clin-
ical trials, and journal editors”.6, p. 2 Once consensus 
was reached, the 13 checklist items were presented 
and piloted with 26 researchers authoring interven-
tion study papers, resulting in the acceptance of 12 
final items. Simply put, the TIDieR checklist helps 
authors answer the questions, “Why, What, Who, 
How, Where and When” regarding an interven-
tion (Table 4). In addition, when using the “PICO” 
(Population, Intervention, Comparison, Outcome) 
pneumonic of a RCT, the TIDieR guidelines pro-
vide the “Intervention” and “Comparison” elements. 
Researchers can download the checklist and find 
more details on TIDieR at www.equator-network.
org/reporting-guidelines/tidier. 

Table 4. TIDieR checklist (Adapted from Hoffmann et al.6)
Item Item 

Number 
Item 

Brief Name 1 Provide the name or a phrase that describes the 

intervention 

Why 2 Describe any rationale, theory, or goal of the elements 

essential to the intervention 

What 3 Materials: Describe any physical or informational 

materials used in the intervention, including those 

provided to participants or used in intervention delivery 

or in training of intervention providers. Provide 

information on where the materials can be accessed 

(such as online appendix, URL) 

 4 Procedures: Describe each of the procedures, activities, 

and/or processes used in the intervention, including any 

enabling or support activities

Who provided 5 For each category of intervention provider (such as 

psychologist, nursing assistant), describe their expertise, 

background, and any speci�ic training given 

How 6 Describe the modes of delivery (such as face to face or 

by some other mechanism, such as internet or 

telephone) of the intervention and whether it was 

provided individually or in a group 

Where 7 Describe the type(s) of location(s) where the 

intervention occurred, including any necessary 

infrastructure or relevant 

When and 

how much 

8 Describe the number of times the intervention was 

delivered and over what period of time including the 

number of sessions, their schedule, and their duration, 

intensity, or dose 

Tailoring 9 If the intervention was planned to be personalised,

titrated or adapted, then describe what, why, when, and 

how 

Modi�ications 10 If the intervention was modi�ied during the course of the 

study, describe the changes (what, why, when, and how) 

How Well 11 Planned: If intervention adherence or �idelity was 

assessed, describe how and by whom, and if any 

strategies were used to maintain or improve �idelity, 

describe them 

 12 Actual: If intervention adherence or �idelity was 

assessed, describe the extent to which the intervention 

was delivered as planned 
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include both in-clinic and home exercise programs, it 
is important to include details on both interventions.

CONCLUSION
If the goal of clinical research is to provide evidence-
based, real world interventions, clinicians must rely on 
detailed information provided in publications on thera-
peutic exercise programs in order to translate research 
into practice. Research is not beneficial to the clinician or 
patient if it cannot be replicated in the clinic. Interven-
tions cannot be validated if they cannot be replicated. 
Systematic reviews on the efficacy of clinical interven-
tions are limited without specific details of an interven-
tion. The inability to properly replicate research findings 
is wasteful, and may actually harm patients. 

Journals often require authors follow specific guide-
lines when reporting specific types of studies, but 
these generally do not provide specific guidance on 
detailing the therapeutic interventions utilized within 
a study. Recently, guidelines and checklists have 
been recommended for reporting interventions in 
the clinical literature. A specific guideline for exercise 
intervention reporting (CERT) can be used to provide 
necessary detail on exercise interventions in physi-
cal therapy research, which will benefit researchers, 
clinicians, and patients. The International Journal of 
Sports Physical Therapy now requires  all applicants 
to use the TIDieR checklist, or the Modified CERT 
checklist (Appendix 1) if exercise interventions are 
included in a manuscript.
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Appendix 1. Modifi ed Consensus on Exercise Reporting 
Template (CERT) for Therapeutic Exercise Interventions. Last 
column has been added to the original CERT from Slade et al17 
by the authors of this commentary
Item 
Category 

Item 
No. 

Abbreviated Item 
Description 

Therapeutic Exercise Detail 

WHAT: 

materials 

1 Type of exercise 

equipment 

Provide equipment 

manufacturer, city, state, 

country, if appropriate, and 

appropriate copyright 

WHO: 

provider 

2 Quali�ications, 

teaching/supervising 

experience, and/or 

training of the exercise 

instructor 

If exercise program is 

administered by multiple 

therapists, provide detail on how 

each therapist was trained in the 

intervention 

HOW: 

delivery 

3 Whether exercises are 

performed individually or 

in a group 

If group exercise, note the size of 

the group 

 4 Whether exercises are 

supervised or 

unsupervised 

Note if exercise is ‘direct’ one-on-

one or indirect supervision 

 5 Measurement and 

reporting of adherence to 

exercise 

Provide exercise log in appendix, 

or specify method for both in-

clinic and home program 

compliance recording 

 6 Details of motivation 

strategies 

Note behavioral strategies to 

improve compliance with home 

exercise program (See #10) 

 7 Decision rules for 

progressing the exercise 

program 

Provide criteria for progression 

of each exercise both in the clinic 

and in home program (See #13) 

 8 Each exercise is 

described so that it can 

be replicated (eg, 

illustrations, 

photographs) 

Provide detailed instructions 

(including cues and 

modi�ications) for each exercise, 

including patient booklets in a 

table, appendix, or supplement.  

Avoid using only exercise names 

as descriptors. 

 9 Content of any home 

program component 

Provide details on how home 

program was instructed, 

delivered, and progressed 

throughout intervention (Note # 

1, 5, 7, 8, 11, 13, 14, 15)  

 10 Non-exercise 

components 

Include education (posture, 

ergonomics, modalities) in 

appendix or where materials can 

be accessed 

 11 How adverse events that 

occur during exercise are 

documented and 

managed 

Reported and addressed in 

limitations or future research 

considerations 

WHERE: 

location 

12 Setting in which exercises 

are performed 

Note which exercises were 

performed in clinic and/or home 

WHEN, HOW 

MUCH: 

dosage 

13 Detailed description of 

the exercises (eg, sets, 

repetitions, duration, 

intensity) 

Compliments #7, and provide 

progression rules for individual 

exercises, including the home 

exercise program. Do not simply 

refer to the protocol based on the

name of the developer. 

TAILORING: 

what, how 

14 Whether exercises are 

generic (“one size �its 

all”) or tailored to the 

individual 

If tailored, detail how decisions 

are made for 

choosing/progressing exercises, 

including options for therapist. 

Provide algorithm or �low chart 

for tailored exercises. 

 15 Decision rules that 

determines the starting 

level for exercise 

Provide how speci�ic sets, 

repetitions, resistances are 

determined initially, including 

the home program 

HOW WELL: 

planned, 

actual 

16 Whether the exercise 

intervention is delivered 

and performed as 

planned 

De�ine markers of “success” 

(compliance, outcomes) 



Fundamental 
understanding 
   of the   
Foot & Ankle 
   and the     
Biomechanics 
   of
Human Gait

An essential ConEd course for every therapist

THE foot and ankle class just got a whole lot better

2017 COURSE DATES //
March 4-5, 2017!
March 11-12, 2017!
March 24-25, 2017!
April 29-30, 2017!
May 6-7, 2017!
September 16-17, 2017!
Sept 30-Oct 1, 2017!

Bermuda Run, NC!
Green Bay, WI!
Honolulu, HI!
Boston, MA!
Orange, CA!
Chicago, IL!
Fayetteville, NY

More dates being scheduled

When the Feet Hit the Ground…
EVERYTHING CHANGES

whenthefeethittheground.com




