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Abstract

Background. Early passive range of motion (ROM) following arthroscopic cuff repair is thought to
decrease postoperative stiffness and improve functionality. However, early aggressive
rehabilitation may compromise repair integrity. Our purpose was to perform a systematic review
to determine if there are differences between early and delayed rehabilitation after arthroscopic
rotator cuff repair in terms of clinical outcomes and healing. Methods. We performed a literature
search with the terms ‘arthroscopic rotator cuff’, ‘immobilization’, ‘early’, ‘delayed’, ‘late’, and
‘rehabilitation’ using PubMed, Cochrane Central Register of Controlled Trials, and EMBASE.
Selection criteria included: level I/II evidence £ 6 months in duration, comparing early versus
delayed rehabilitation following arthroscopic repair. Data regarding demographics, sample sizes,
duration, cuff pathology, surgery, rehabilitation, functional outcomes, pain, ROM and anatomic
assessment of healing were analyzed. PRIMSA criteria were followed. Results. We identified six
articles matching our criteria. Three reported significantly increased functional scores within the
first 3–6 months with early rehabilitation compared to the delayed group, only one of which
continued to observe a difference at a final follow-up of 15 months. Four articles showed
improved ROM in the first 3–6 months post-operatively with early rehabilitation. One noted
transient differences in pain scores. Only one study noted significant differences in ROM at final
follow-up. No study reported any significant difference in rates of rotator cuff re-tear. However,
two studies noted a trend towards increased re-tear with early rehabilitation that did not reach
significance. This was more pronounced in studies including medium-large tears. Conclusions.
Early rehabilitation after arthroscopic cuff repair is associated with some initial improvements in
ROM and function. Ultimately, similar clinical and anatomical outcomes between groups existed
at 1 year. While there was no significant difference between groups in anatomic failure of the
repaired cuff, there may be a trend towards increased re-tear with larger tears.
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Introduction

Surgery for rotator cuff tears are among the most widely
performed orthopedic surgeries [1]. Procedures have evolved
from an open approach to a primarily arthroscopic repair.
Due to its minimally invasive nature and increased patient
satisfaction, arthroscopic repair has become the preferred
method among most surgeons [2]. It has been associated with
decreased frequencies of complications, including deltoid
injury, scarring, adhesions, pain and stiffness [3]. Despite its
successes, arthroscopic repair still suffers from a historic
average re-tear rate of between 20 and 90%, depending on
tear severity and repair technique. However, more recent
studies have shown improvement [4-8]. Due to this high rate,
significant research has examined various factors influencing

failure of the repair, including fixation strength compared to
open techniques and differences between using a single- or
double-row approach [3].

Recently, increased emphasis has been placed on post-
operative influences of rehabilitation techniques on healing
[4,5]. Of particular interest has been the timing of patients’
rehabilitation programs, including the initiation of early
motion and strengthening [9]. The traditional consensus of
early passive range of motion (ROM) has been predicated on
a decreased risk of stiffness and earlier functional return to
activity [10]. This notion has been challenged by some who
argue that this may place excessive stress on an insufficiently
healed repair, potentially predisposing it to a greater risk of
anatomic failure [11]. Delayed rehabilitation with a protracted
course of immobilization may allow for increased healing,
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which has been shown to take up to 4 months in animal
models [12-14]. Since most re-tears occur within 3 and
6 months of surgery, the rationale behind delayed rehabilita-
tion is to protect the patient during a period of increased vul-
nerability [5,15,16]. The major risk associated with delaying
rehabilitation is the potential for the extended early period of
immobilization to lead to greater shoulder stiffness [10,17].
However, since arthroscopic repair may have a lower predis-
position towards stiffness, early ROM protocols may be less
important for ultimate outcome following repair.

There has been considerable debate whether early or
delayed rehabilitation provides the greatest outcomes for
patients undergoing arthroscopic rotator cuff repair [4,9,18].
We believe that it is important to identify a program that will
most effectively promote tendon healing while providing the
patient with the greatest level of functionality and decreased
stiffness. We performed a systematic review of the literature
of levels I and II evidence directly comparing early versus
delayed rehabilitation following arthroscopic rotator cuff
repair. We specifically sought to compare functional out-
comes, pain, ROM, and re-tear rates for early rehabilitation
versus delayed rehabilitation following arthroscopic rotator
cuff repair.

Methods

Identification of studies

Our aim was to identify all prospective studies investigating
the difference in clinical outcomes between early rehabilitation
with passive ROM (PROM) versus delayed rehabilitation with
immobilization after arthroscopic rotator cuff repair. We per-
formed a literature search of English language articles using
PubMed, Cochrane Central Registrar of Controlled Trials and
EMEDBASE from their respective inceptions through January
2014. Our search was conducted using the terms ‘arthroscopic
rotator cuff’, ‘immobilization’, ‘early’, ‘delayed’, ‘late’, and
‘rehabilitation’. All references from selected studies were
reviewed to identify any additional papers that may have been
overlooked or were not indexed in the electronic databases.

Selection criteria included: studies of level I and II evi-
dence, with at least 6 months of clinical follow-up, directly
comparing early versus delayed rehabilitation, using clinical
and radiographic measures to quantify healing.

Excluded studies included level III and lower evidence,
review articles, studies less than 6 months duration, bio-
mechanical studies and studies that did not directly compare
early and delayed rehabilitation.

Outcome measures

Functional outcome measures included the Constant shoulder
score, Simple shoulder test (SST), American Shoulder and
Elbow Surgeons (ASES) score and Disabilities of the Arm
Shoulder and Hand (DASH) questionnaire. Anatomic out-
comes were assessed by evaluating rotator cuff healing and
rates of failure between groups using computed tomography
(CT), magnetic resonance imaging (MRI) or ultrasound (US).
A full re-tear was defined broadly as a lack of maintenance

of rotator cuff insertion into the footprint, discontinuity or
tendon rupture [4,5,19-22].

Data extraction

Data was collected according to a predetermined form. Infor-
mation collected for each study included: demographic char-
acteristics, sample sizes, length of follow-up, extent of injury
prior to surgery, repair technique, size of tear, rehabilitation
protocols, pain scores, functional outcome measures used
(ASES, Constant, SST, University of California Los Angeles
[UCLA], DASH), ROM scores, and radiographic assessment
of healing (MRI, US, CT). Mean, standard deviation and
95% confidence interval data were extracted.

Analysis of bias

Bias was assessed within studies by evaluating the presence
of several methodological sources, including adequate
sequence generation, allocation concealment, blinding, pres-
ence of incomplete outcome data reporting and presence of
selective reporting. Additionally, we noted any other potential
sources of bias not directly addressed by the above criteria,
including differences between surgical procedure and tear
pathology, statistical power and number of surgeons without
compensatory randomization.

Data synthesis

Data was ordered by early versus delayed rehabilitation and
organized in order to make comparisons and draw conclu-
sions of protocol efficacy when possible. To draw positive
conclusions we looked for clear, consistent and replicated
evidence from high quality studies of an association between
a treatment and a change in either primary or secondary
outcome measures. Due to differences among surgery, reha-
bilitation protocols and outcome variables measured, the data
was not pooled in the form of a meta-analysis, but was
summarized in systematic review format. Preferred reporting
items for systematic reviews and Meta-Analyses guidelines
were followed throughout the composition of this systematic
review [23].

Results

Article selection

Initial literature searches yielded 1535 references. Nine were
selected based on title for further investigation. From those,
we identified six articles that fulfilled our criteria for inclusion
(Figure 1). Reasons for exclusion included a review article, a
biomechanical study and a study not directly comparing early
versus delayed rehabilitation.

Characteristics are summarized in Table 1. All studies
were prospective in nature. Average follow-up among studies
was 16.8 months and included on average 80 patients. Reha-
bilitation protocols are summarized in Table 2. The early
rehabilitation protocols in general called for the use of a sling
and PROM exercises during the first 6 weeks before
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progressing to active ROM exercises and discontinuation of
the shoulder sling. Delayed rehabilitation protocols were
characterized by the use of a sling for 6 weeks and either no
PROM or very limited exercises such as pendulum circum-
duction. Two studies, Kim et al. [4] and Keener et al. [5]
included only small (< 1 cm) to medium (1–3 cm) full-
thickness tears. Of the remaining studies, Lee et al. [20], and
Duzgun et al. [19] included medium and large (+3 cm) tears.
Arndt et al. included partial and full-thickness tears. Cuff and
Pupello [21] included only full-thickness tears without defin-
ing the size of the tear.

Functional outcome measures

Five outcome metrics were reported, including the Constant
shoulder score, ASES, SST, UCLA and DASH score. Results
are summarized in Table 3.

Three studies, Kim et al. [4], Arndt et al. [22] and
Keener et al. [5] assessed changes in performance using the
Constant shoulder score. Only Arndt et al. [22] noted a differ-
ence between protocols at any time point. They noted signifi-
cantly increased Constant scores in the early rehabilitation
group, 77.6 (12.4) versus 69.7 (18), at final follow-up at
16 months, p < 0.05 (Table 3) [22].

Kim et al. [4], Cuff and Pupello. [21] and Keener et al. [5]
assessed functional changes using the ASES and SST scores.
None reported a difference at any time point. Duzgan et al.
[19], using the DASH score, found significantly better scores
in the early rehabilitation group compared to the delayed
rehabilitation group at 8, 12 and 16 weeks (Table 3). How-
ever, this difference resolved by 24 weeks (p > 0.05) [19].
Lee et al. [20] observed a significantly different UCLA score
at 3 months, 29.4 in the early rehabilitation group versus
26.5 in the delayed rehabilitation group (p = 0.009). This dif-
ference equalized by the 6th month, becoming insignificant
(p = 0.158). At final follow-up, there was no significant dif-
ference (p = 0.341) [20].

Pain measures

Four studies, Kim et al., [4], Lee et al. [20], Keener et al. [5]
and Duzgan et al. [19] reported pain scores experienced
throughout rehabilitation using the Visual Analog Scale
(VAS). Only Duzgan et al. [19] reported any difference in

pain between the two protocols. At week 5, VAS scores dur-
ing activity in the early rehabilitation group were 2.32 (2.04)
versus 4.67 (2.2) in the delayed rehabilitation group
(p > 0.05). At rest, the early rehabilitation group reported a
score of 0.98 (1.57) compared to 2.83 (2.56) in the delayed
rehabilitation group (p < 0.05). There was a significant differ-
ence in pain scores with activity again in week 16. Those in
the early rehabilitation group scored 0.32 (0.86) compared to
2.86 (2.65) in the delayed rehabilitation group (p < 0.05)
[19]. The remaining three studies only reported a single VAS
score for each time point, none of which were significant for
differences between protocols. All other time points in the
Duzgan et al. [19] trial and in the other three studies that
evaluated pain demonstrated no difference between rehabilita-
tion protocols (p > 0.05).

ROM measures

ROM measurements at varying points of recovery were
recorded by five studies and are documented in Table 4. All
study populations showed similar ROM between protocols
pre-operatively when reported. All studies with the exception
of Kim et al. observed at least one dimension of increased
ROM in the early rehabilitation group compared to the
delayed rehabilitation group within the first 3–6 months.
Only one, Arndt et al. reported any significant difference in
any ROM measure between protocols beyond 12 months
[22]. The remaining three studies by Keener et al. [5], Cuff
and Pupello [21] and Lee et al. [20] only reported differences
within the first 3–6 months that eventually normalized before
final follow-up (Table 4). Kim et al. reported no significant
differences in any parameter of ROM at any time points
(Table 4) [4].

Anatomic outcomes

None of the five studies reporting anatomic outcomes observed
any significant differences between early rehabilitation and
delayed rehabilitation protocols (Table 5). Tear size, surgical
procedure, follow-up, radiological assessment measures and
outcomes are summarized in Table 5. Studies assessed for the
incidence of a full re-tear using CT, US or MRI (Table 5). Two
studies, Lee et al. [20], who included medium and large full-
thickness tears, and Arndt et al. [22], who included partial and

1535 articles identified through
searches of electronic databases

9 abstracts identified for further
investigation 3 excluded articles:

1 review article
1 biomechanical study
1 study that did not assess
differences between early vs
delayed rehabilitation6 articles identified for further

investigation

Figure 1. Flowchart diagramming inclusion and exclusion of identified studies.
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full-thickness tears, did note a trend towards greater risk of
re-tear in the early rehabilitation group compared to the
delayed group, p = 0.106 and p = 0.269, respectively. No other
study reported any significant difference or trend towards
increased re-tear between either protocol group [4,18,20].

Bias assessment

Results of our bias assessment are summarized in Table 6.
All studies were limited primarily by an inability to ade-
quately blind individuals and healthcare professionals.
Kim et al. [4], Arndt et al. [22], Duzgan et al. [19] and
Lee et al. [20] were unclear in demonstrating proper randomi-
zation. Cuff and Pupello [21] and Duzgan et al. [19] did not
adequately address incomplete outcome data. Kim et al. [4]
and Arndt et al. [22] were restricted by the use of multiple
surgeons, two and five respectively, without addressing if
adequate randomization compensated for any potential dis-
crepancies between surgeons. Furthermore, surgeries per-
formed in the Arndt et al. study included individuals with
partial tears and those simultaneously undergoing biceps
tenotomy, tenodesis and acromioplasty. Cuff and Pupello
[21], Duzgan et al. [19], Keener et al. [5] and Lee et al. [20]
suffered from small sample sizes and insufficient power to
detect differences in anatomic failure between groups. Addi-
tionally, Lee et al. was limited by the use of a non-parametric
analysis [20].

Discussion

Delayed rehabilitation following arthroscopic rotator cuff
repair has been favored recently due to the potential for
increased healing rates and decreased incidence of re-tear.
However, it has been proposed that delaying ROM exercises
may ultimately lead to greater joint stiffness and decreased
functional outcomes [10]. Currently, there are only a few pro-
spective studies comparing patient outcomes. This systematic
review compares the outcomes of early versus delayed reha-
bilitation in arthroscopic rotator cuff repair. In this study, we
have concluded that there is no difference in rates of re-tear
between early and delayed rehabilitation. Additionally, we
noted a trend towards improved functional and ROM meas-
ures, with early rehabilitation focusing primarily on PROM.
These differences, however, appear to be only transient and
most differences normalize between protocols within the first
year following surgery.

Three studies reported a difference in functional score at
any point during follow-up. In two of those studies, Lee et al.
[20] and Duzgan et al. [19], the difference was only signifi-
cant within the first 6 months, after which point functional
scores between groups became insignificant. Only
Ardnt et al. observed a difference in functional score at final
follow-up (16 months) [22]. Pain measures were not signifi-
cantly different between rehabilitation groups. Only one
study, Duzgan et al., observed any difference in pain between
protocols, which can only be described as a small, transient
difference in favor of an early rehabilitation program [19].
We concluded that this represents, at best, a trend towardsTa
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better functional outcomes with early rehabilitation that may
or may not be clinically significant.

Not surprisingly, allocation to the early rehabilitation
group was associated with improved initial ROM measures
compared to a delayed program. Four of the five studies
investigating ROM measures reported at least one signifi-
cantly improved parameter of improved motion in the early
rehabilitation group compared to the delayed group
[4,5,20-22]. Importantly, once the delayed rehabilitation
group had a chance to advance ROM through a course of
physical therapy, these differences equilibrated in all studies
except for external rotation at final follow-up in Arndt et al.
[22]. We concluded that early rehabilitation focusing on
PROM is correlated with increased initial ROM compared to
delayed rehabilitation. Ultimately, these differences seem to
resolve with further follow-up. Since almost all studies
showed an equivalent ROM between protocols, we deter-
mined that there is minimal, if any, increased stiffness associ-
ated with delayed rehabilitation.

Overall, the rates of re-tear 6–23% reported in this study
are lower than historical rates present in the literature of
20–90% [6-8]. This may be in part due to the inclusion of
only small-to-medium tears in two studies and partial tears in
Arndt et al. [4,5,22]. Additionally, average final follow-up
was 12 months. It is possible that the reported rate of re-tear
may not represent the ultimate incidence of re-tear after
arthroscopic repair.

We concluded that there was no significant difference in
rotator cuff healing between the early and delayed rehabilita-
tion protocols. Prior studies have indicated that there may be a
trend towards higher failure rates with an accelerated program

[24]. Lee et al. [20] and Arndt et al. [22],in particular, reported
results that approached, but did not reach significance. Differ-
ences may be, in part, due to several factors. Both tear size and
surgical procedure may affect failure rates in addition to reha-
bilitation protocol. Larger tears and a single-row technique
have been linked with potentially increased failure rates [2,3].
Lee et al. [20] operated on medium and large tears with a
single-row technique, possibly predisposing those allocated to
the early rehabilitation group to increased failure rates.
Arndt et al. [22] also noted a trend towards incomplete healing
in the early rehabilitation group. However, they included par-
tial in addition to full-thickness tears in their analysis, making
comparisons between studies more difficult. Additionally, sur-
gery was performed by five different surgeons with unclear
randomization between groups while additional procedures,
including biceps tenotomy, tenodesis and acromioplasty, were
carried out simultaneously in some cases [22]. Kim et al. [4],
Keener et al. [5] and Cuff and Pupello [21] reported no ana-
tomic differences between groups. However, Keener et al. [5]
and Cuff and Pupello [21] did not possess sufficient power to
detect differences between protocols, possibly predisposing it
to finding a lack of significance. Surgeries in the Kim et al. [4]
study were performed by two surgeons and randomization was
not sufficient to correct for any potential variation in surgeons
between groups. Due to confounding factors among studies,
we found it difficult to conclusively determine if early rehabil-
itation is linked to increased rates of failure.

When studies are further stratified by tear severity, the
trend towards re-tear becomes slightly more prominent. Of
the two studies that included large full-thickness tears, one
reported a trend towards increased failure, while the other did

Table 2. Summary of rehabilitation protocols for the early rehabilitation and delayed rehabilitation groups among studies.

Study Early rehabilitation Delayed rehabilitation

Kim et al. [4] Early PROM exercises 3–4 times/day for 4–5 weeks
during bracing,
Active assisted ROM after brace period,
Strengthening exercises beginning at 9 weeks

No passive ROM for 4–5 weeks of brace period

Lee et al. [20] Manual PROM exercises 2 times/day � 6 weeks during
brace period,
Unlimited stretching � 6 weeks during brace period,
Active ROM after 6 week brace period

Limited early passive ROM � 6 weeks during
bracing period,
Increase to active ROM at 6 weeks

Duzgan et al. [19] Early PROM exercises 4 times/day for first 2 weeks,
Begin strengthening exercises at 3rd week,
Removal of brace at 6 weeks,
Active ROM and strengthening at 4–6 weeks finished
at 8 weeks

Passive ROM at 1 week,
Active ROM at 6 weeks,
Removal of brace at 6 weeks,
Completion at 22 weeks

Arndt et al. [22] Immediate passive ROM exercises 3–5 times/week-
� 6 weeks,
Removal of brace at 6 weeks,
Active ROM after 6 weeks, strengthening after
4 months

Only pendulum exercises allowed during brace
period of 6 weeks
Active ROM after 6 weeks, strengthening after
4 months

Cuff and Pupello [21] Immediate passive ROM 3 times/week for 6 weeks,
Removal of brace after 6 weeks and active ROM,
Full active ROM at 10 weeks, strengthening at
12 weeks

Bracing and pendulum exercises for 6 weeks,
Limited passive ROM and active assisted ROM at
7 weeks,
Full active ROM at 10 weeks, strengthening at
12 weeks

Keener et al. [5] Immediate pendulum and PROM exercises during
6 week bracing,
Active ROM during weeks 6–12, strengthening at
month 3–4,
Resume full activity by 4–6 months

Immobilization for first 6 weeks,
Supervised PROM from weeks 6–12,
AROM beginning at 3–4 months, strengthening at
3–4 months

Abbreviations: AROM = Active range of motion; PROM = Passive range of motion.
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not possess significant power to conclude a difference
[20-22]. Ultimately, the best course of rehabilitation for a par-
ticular patient may require risk stratification. The results from
this study indicate that individuals with a small-to-medium
tear are just as likely to experience a re-tear with either early
or delayed rehabilitation. Those who have large, full-
thickness tears may benefit from delayed rehabilitation to
ensure healing, given the potential trend towards increased
failure, which has been shown to confer no additional risk of
shoulder stiffness.

Currently in our practice, we employ two different rehabil-
itation protocols following arthroscopic rotator cuff repair,
depending on several factors. Patients with partial-thickness
or small-to-medium full-thickness tears undergo an early
ROM protocol. This protocol allows immediate PROM in
formal physical therapy beginning the first week after sur-
gery. We feel that the risk of anatomic failure is low, and the
potential benefits of early ROM outweigh any risks. How-
ever, for patients with large or massive tears undergoing
surgery, particularly those too large to be amenable to
double-row fixation, we utilize a delayed rehabilitation proto-
col. This protocol provides immobilization for the first
4 weeks in a sling. Patients with large tears with double row
fixation are allowed pendulum exercises only from post-
operative week 2–4. Following this initial immobilization, a
PROM protocol in physical therapy is utilized. In both proto-
cols, a sling is used for the first 6 weeks for protection when
not performing the ROM protocol above. A small abduction
pillow is used for the first week in both protocols, and dis-
continued at the first post-operative visit at 7–10 days.

This study has several strengths. It included only level I
and II studies and evaluated several major objective outcomes,
including functional outcome, ROM, pain, and anatomic fail-
ures following repair. By conducting a systematic review, we
were also able to stratify risks based on differing tear size.

Just recently a similar review was published addressing
the question of early versus delayed rehabilitation. Riboh and
Garrigues, using a pooled statistical analysis, concluded that
early passive motion is associated with 15 degrees of addi-
tional flexion within the first 3 months and 5 degrees within
6–12 months [9]. They also noted that external rotation is
improved within the first 3 months only by 10 degrees.
Finally, they determined that re-tear rates are comparable
between rehabilitation protocols at 1 year. While we observed
similar trends, our review also discusses the differing impacts
on functional scores and pain between protocols in an attempt
to elucidate the clinical significance of improved early ROM.
Additionally, by using a pooled statistical analysis, their
results become skewed in favor of those studies with greater
number of patients. In this case, it would tend to bias results
towards studies including only small-to-medium tears
(Kim et al. and Keener et al.) and a study that included partial
tears and individuals undergoing additional procedures
(Arndt et al.). Due to the small number of studies and meth-
odological heterogeneity leading to a potential bias towards
less severe pathology, we decided that the topic was better
served by a systematic review rather than meta-analysis. This
allows the reader to examine the best available data without
the potential bias of a pooled analysis. While we agree that
individuals with small tears are at a decreased risk for re-tear,

Table 5. Comparison of anatomic outcomes between protocols among studies.

Study Tear size Repair technique
Number of
surgeons

Radiological
assessment

Radiological
follow-up
(months)

No re-tear early
rehabilitation

No re-tear
delayed
rehabilitation p-Value

Kim et al. [4] Small (0–1 cm) and
Medium (1–3 cm) Full
thickness

Single or Double
Row

2 CT or MRI 12 (minimum) 88% 82% 0.429

Lee et al. [20] Medium (1–3 cm) and
Large (3–5 cm) Full
thickness

Single Row 1 MRI 7.6 (mean) 77% 91% 0.106

Arndt et al. [22] Partial and full thickness Single or Double
Row

5 CT 14 (mean) 77% 85% 0.269

Cuff and
Pupello [21]

Full thickness Suture Bridge NR US 12.2 (mean) 85% 91% 0.470

Keener et al. [5] Small (0–1 cm) and
Medium (1–3 cm) Full
thickness

Modified Double
Row

NR US 12 (minimum) 90% 94% 0.460

Abbreviations: CT = Computed tomography; MRI = Magnetic resonance imaging; NR = Not reported; US = Ultrasound.

Table 6. Bias analysis of the included studies.

Study

Adequate
sequence
generation

Allocation
concealment

Adequate
blinding

Addressed
incomplete
outcome data

Free of
selective
reporting Other potential sources of bias

Kim et al. [4] Unclear No No Yes Yes Two different surgeons, inadequate randomization
Arndt et al. [22] Unclear No No No Yes Five surgeons who also performed additional procedures
Cuff and Pupello [21] Yes No No Unclear Yes Small sample size, insufficient power to detect differences
Duzgun et al. [19] Unclear No No Unclear Yes Small sample size, insufficient power to detect differences
Keener et al. [5] Yes No No Yes Yes Insufficient power
Lee et al. [20] Unclear No No Yes Yes Small sample size, non-parametric analysis
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we concluded that there may be a population of people with
more extensive tears that may be at an increased risk for
re-tear and may require a more conservative rehabilitation
program.

This study was primarily limited by a lack of uniform,
prospective trials comparing similar rehabilitation protocols.
Variability in protocols, surgery, tear size and outcome meas-
ures made drawing definitive conclusions difficult and more
susceptible to bias among studies. For these reasons, we
elected to not provide any pooled statistical analysis. Bias
within studies was also a major limitation. All studies
suffered from an intrinsic inability to properly blind individu-
als and several suffered from inadequate randomization or
insufficient incomplete outcome reporting. ROM measure-
ments are an additional source of bias between studies.
Kim et al. [4], Keener et al. [5], and Arndt et al. [22] assessed
ROM using a goniometer but did not address if or how the
measurement was standardized. Lee et al. [20] made no men-
tion of measurement methodology. Cuff and Pupello [21] did
attempt to standardize measurements using a video camera
and three consistent independent observers. Finally, we did
not assess the differing levels of patient satisfaction and
return to work or sport that may or may not accompany an
earlier return to functional activity. Ultimately, more uniform
studies, sufficiently powered to detect differences in anatomic
outcomes are required to draw more definitive conclusions.
These should include individuals with small, medium and
large full-thickness tears and stratify risks and outcomes
based on tear severity.

In summary, we noted a trend towards better outcome
scores and ROM in the early rehabilitation protocols compared
to the delayed rehabilitation programs in the first 3–6 months
after surgery, which equalized by final follow-up. Ultimately,
there was not a higher rate of stiffness associated with delayed
rehabilitation. We could not identify a significant difference in
pain or rates of re-tear experienced between groups. However,
differences among studies made drawing definitive conclu-
sions difficult. We did, note a minor trend towards greater risk
of re-tear in those studies that evaluated patients with larger
full-thickness tears. Therefore, we recommend that a particular
rehabilitation program should be tailored to the patient, partic-
ularly those with large to massive tears. Physicians should
consider aggressive rehabilitation programs in individuals
when there is a low risk of re-tear and potential for increased
satisfaction and quality of life from increased early functional-
ity and ROM. Individuals with larger tears or who are other-
wise at greater risk for re-tear may benefit from a delayed
rehabilitation protocol due to a potentially decreased risk of
re-tear without an increase in ultimate stiffness.
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