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A Review of Current Literature

Abstract

Physical rehabilitation following arthroscopic rotator cuff repair has
conventionally involved a 4- to 6-week period of immobilization;
there are two schools of thought regarding activity level during this
period. Some authors encourage early, more aggressive
rehabilitation along with the use of a continuous passive motion
device; others propose later, more conservative rehabilitation.
Although some studies report trends in improved early range of
motion, pain relief, and outcomes scores with aggressive
rehabilitation following rotator cuff repair, no definitive consensus
exists supporting a clinical difference resulting from rehabilitation
timing in the early stages of healing. Rehabilitation timing does not
affect outcomes after 6 to 12 months postoperatively. Given the
lack of information regarding which patient groups benefit from
aggressive rehabilitation, individualized patient care is warranted.

Rotator cuff tear is the most com-
mon cause of shoulder disabil-

ity, and the incidence increases with
age.1 Although rotator cuff tears typ-
ically are chronic injuries caused by
overuse in middle-aged persons, they
also can occur in younger persons as
a result of trauma during sports, mo-
tor vehicle accidents, or falls.2

Rotator cuff deficiency can cause sig-
nificant pain, dysfunction, and dis-
ability,3 and although nonsurgical man-
agement is a feasible option for certain
elderly patients and smaller tears,4 sur-
gical repair has been shown to relieve
pain and restore function in >90% of
patients.5 In most studies, nonsurgi-
cal management has been shown to
lead to tear progression, with an in-
crease in tendon retraction, fatty in-
filtration of the muscles, and degen-
erative changes, which have the
potential to lead to less reliably re-
pairable or even irreparable tears.4,6

Physical therapy is an important
factor in the clinical success of rota-
tor cuff repair. Large-scale studies
have demonstrated that both passive
and active range-of-motion (ROM)
and strengthening exercises lead to
decreased joint stiffness and in-
creased strength.7 Rotator cuff re-
pair, however, is associated with a
significant incidence of rotator cuff
re-tears, with reported re-tear rates
of 94% in large tears.3,8,9 Although
the re-tears have not been directly at-
tributed to physical therapy, rehabili-
tation protocols vary in terms of tim-
ing and level of intensity. As such,
there exist two schools of thought re-
garding the optimal timing of reha-
bilitation in the early phase of recov-
ery after rotator cuff repair. The first
promotes early/aggressive rehabilita-
tion with higher activity levels to re-
duce postoperative stiffness and
pain. The second recommends more
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conservative rehabilitation to protect
repair integrity.

The Evolution of Rotator
Cuff Repair

The surgical management of rotator
cuff tear has evolved over the past cen-
tury. Whereas open rotator cuff repair
was the standard of care for most of
the 20th century, mini-open rotator
cuff repair was introduced in the late
20th century as a less-invasive alter-
native, with clinical outcomes supe-
rior to those of open rotator cuff re-
pair.10 Arthroscopic rotator cuff
repair, the least invasive method, pre-
serves the deltoid, allows for im-
proved visualization of large tears,
causes less discomfort, enables ear-
lier return to motion, decreases infec-
tion rates,10,11 and decreases the in-
cidence of fibrous contracture.12

Although arthroscopic rotator cuff
repair is now considered to be the
standard technique, mini-open rota-
tor cuff repair is still performed and
has demonstrated equivalent clinical
results.13

Arthroscopic Rotator Cuff
Repair

The goal of arthroscopic rotator cuff
repair is to restore the biomechanical
integrity of the tendon-bone interface
while placing the fixation in the ana-
tomic footprint of the rotator cuff on
the greater tuberosity.14 Surgeon-
specific variations on arthroscopic
rotator cuff repair exist. The princi-
pal difference is the number of suture

anchors (ie, rows of anchors) used in
the fixation of the supraspinatus ten-
don. Although the choice of single-
or double-row repair can be made
based on the size of the rotator cuff
tear, the decision is usually based on
surgeon preference.

In cadaver laboratory studies,
double-row repair has been shown to
have a larger tendon-bone contact area
in the native footprint of the supraspi-
natus tendon15 and higher initial fix-
ation strength with less gap forma-
tion under cyclic loading than does
single-row repair.16 Changes in the
time-zero vascularity of the tendon-
bone interface and supraspinatus
tendon proper following rotator cuff
repair have been documented,17 and
in theory, single-row repair could be
less disruptive to the vascular supply
in the controversial hypovascular
zone of the rotator cuff.18 Some be-
lieve that the hypovascular zone
should not be disrupted, whereas
others reason that the improved me-
chanics of double-row repair out-
weigh the negative effects of disrupt-
ing the hypovascular zone. However,
this has not been shown clinically.
Despite the reported differences in
single- and double-row repair, equiv-
ocal clinical results have been re-
ported.5,19,20

Mechanical and Biologic
Factors of Rehabilitation
Timing

Rehabilitation protocols following
rotator cuff repair have been widely
published and used by orthopaedic

surgeons and physical therapists.21,22

Many of these protocols have similar
time frames that are based on cur-
rent understanding of the biologic
and biomechanical factors of the in-
jured, repaired, and healing rotator
cuff.23

Healing of the rotator cuff tendon
progresses through three phases: in-
flammatory (7 days), proliferative (2
to 3 weeks), and maturation and re-
modeling (12 to 26 weeks).23,24 It is
not fully understood how motion,
whether active or passive, is benefi-
cial or detrimental in each of these
phases. Conflicting data from animal
and human studies assessing the ef-
fect of immobilization as well as the
lack of conclusive clinical data make
it difficult to determine accurate re-
habilitation timing. Joint immobili-
zation is associated with transient
changes in cortical and cancellous
bone structural properties25 as well
as increased shoulder stiffness and,
thus, decreased ROM.26

Data are conflicting with regard to
the effect of immobilization on ten-
don healing. Gimbel et al27 indicated
that, in rats, supraspinatus repair
strength is improved with immobili-
zation. In a rabbit model, Kamps
et al28 showed that immobilization
led to decreased remodeling in heal-
ing patellar tendons. Palmes et al29

found decreased load to failure in
immobilized Achilles tendon repairs
in a mouse model.

Skeletal muscle is also directly af-
fected by immobilization. Fatty atro-
phy in the supraspinatus muscle belly
following rotator cuff tear is well
documented, and muscle atrophy
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and fatty infiltration correlate to
functional outcomes and re-tear rates
following repair.30 However, the ef-
fect of rehabilitation timing on mus-
cle atrophy has not been distinctly
studied. Gladstone et al30 have
shown that although muscle atrophy
and fatty infiltration correlate nega-
tively to functional outcomes and
positively to re-tear rate, neither
muscle atrophy nor fatty infiltration
has been shown to improve follow-
ing rotator cuff repair. In fact, the
authors showed that in all but one
patient, muscle degeneration re-
mained the same or progressed. This
degenerative progression was posi-
tively correlated to preoperative
muscle degeneration. Further clinical
research is necessary to evaluate the
progression of muscle degeneration
as a function of rehabilitation tim-
ing.

Biomechanical factors also guide
the decision-making process in reha-
bilitation timing. Early motion could
damage the repair integrity due to
cyclic loading at a time when healing
tissue is not capable of withstanding
such loads, and early motion could
induce fatigue loading of the suture
repair. Both of these phenomena
could lead to undesired gap forma-
tion at the repair site. Some studies
have attempted to quantify the in
vivo loads of the intact rotator cuff
tendons. Supraspinatus forces range
from 43 to 350 N and infraspinatus
forces range from 55 to 900 N de-
pending on shoulder position and
motion.31-34 Cadaver biomechanics
studies assessing so-called time-zero
strength of rotator cuff repair indi-
cate that ultimate loads of supraspi-
natus tendon repairs exceed 250 to
350 N,16,35,36 demonstrating that ulti-
mate strength is restored to approxi-
mately 70% to 100% of native load-
ing requirements. Cyclic loading is
arguably the more clinically relevant
loading scenario, however, and bio-
mechanical studies demonstrate that

even double-row repairs exhibit
some repair gapping after cyclic
loading.16,35,36 Thus, immobilization
is thought to reduce the re-tear rate
by decreasing gapping at the repair
site. Double-row repairs were intro-
duced to alleviate concerns of early
failure due to fatigue loading and/or
gap formation16,35,36 and to allow for
earlier motion. Double-row repairs
do not eliminate repair gapping,
however, and clinical results between
single- and double-row repairs are
generally equivocal.5,19,20

These biologic and mechanical fac-
tors provide a framework for clinical
recommendations with respect to
postoperative rehabilitation. Within
the clinical framework, however,
there exists a spectrum of recom-
mended activities and time points at
which certain activities are allowed.

Most authors agree that a period
of immobilization with a sling is
beneficial during the early phase of
recovery (ie, 4 to 6 weeks after re-
pair).23 Recommendations for activ-
ity level during this phase vary,
however, with some advocating an
early, more aggressive rehabilitation
protocol and others a late, slower
approach. These protocols recom-
mend passive ROM under the su-
pervision or direction of a physical
therapist or physician and/or the
consistent use of a continuous pas-
sive motion (CPM) device.7 Late,
slow protocols generally limit early
motion by allowing only limited pas-
sive ROM and do not encourage
either active participation in for-
mal physical therapy or the use of a
CPM device.23,37 After this initial
6-week period, most protocols rec-
ommend beginning more aggressive
passive and active ROM with
proper progression of activity, culmi-
nating in sport- or work-specific en-
durance and strengthening activi-
ties.21-23,38

Postoperative Outcomes:
Early Versus Late
Rehabilitation

A summary of the current literature
on postoperative rehabilitation tim-
ing appears in Table 1.

Functional Recovery
(Outcome Measures)
Reconstruction of a functional rota-
tor cuff is the ultimate goal of rota-
tor cuff repair. Typically, functional
level is quantified by patient-
reported outcome measures that rate
the patient’s perceived shoulder func-
tion. Several outcome measures are
commonly used in the rotator cuff
literature, including the American
Shoulder and Elbow Surgeons
(ASES) score; the University of Cali-
fornia, Los Angeles shoulder score;
the Constant score; the Simple
Shoulder Test (SST); and the Disabil-
ities of the Arm, Shoulder, and Hand
score.45 Multiple studies have shown
that these scores improve after rota-
tor cuff repair regardless of repair
technique.5,19,46,47 However, func-
tional outcomes as they relate specif-
ically to postoperative rehabilitation
are less widely documented.

A recent study reported better
functional activity with an acceler-
ated rehabilitation program.41 Pa-
tients were randomized to receive
either accelerated or slow rehabilita-
tion. The accelerated group began
active ROM 3 weeks postopera-
tively, whereas the slow group began
active motion 6 weeks postopera-
tively. Using the Disabilities of the
Arm, Shoulder, and Hand question-
naire, in which a score of zero indi-
cates no disability and 100 indicates
maximum disability, there was a sig-
nificant difference between groups at
8-week follow-up (accelerated, 31.6;
slow, 53.8) and 16-week follow-up
(accelerated, 15.9; slow, 31.4). There
was no significant difference be-
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tween the groups at 24-week follow-
up.

In a comparison of patients who
were either immobilized in an abduc-
tion sling for 4 to 5 weeks or al-
lowed passive ROM for the same pe-
riod, Kim et al39 found no significant
difference between groups in ASES,
Constant, or SST scores at 3-, 6-, or
12-month follow-up. A recent study
also investigated SST and ASES
scores in two groups of patients who
were treated by two surgeons with
different postoperative protocols.48

The early group began pendulum ex-
ercises immediately and supervised
home passive ROM at 5 to 7 days

postoperatively. The delayed group
began pendulum exercises after 7
days and passive ROM after 3
weeks. Both groups began active-
assisted motion after 6 weeks. The
delayed group had worse SST scores
at 3, 6, 9, and 12 weeks as well as
significantly worse ASES scores at fi-
nal follow-up.

Cuff and Pupello40 performed a
prospective randomized investigation
of early and delayed ROM following
arthroscopic rotator cuff repair. Both
groups wore a shoulder immobilizer
and performed pendulum exercises
when not at therapy. The early group
participated in formal physical ther-

apy consisting of passive elevation
and external rotation three times per
week for the first 6 weeks, and the
delayed group followed the same
protocol beginning at 6 weeks. At 1
year postoperatively, there were no
differences in ASES scores (early,
91.1; delayed, 92.8) or SST scores
(11.1 for both groups).

Lee et al7 compared aggressive and
limited protocols that differed
mainly in the amount of passive
ROM allowed. The limited group
was held to <90° elevation and no
external rotation, and the aggressive
group had no such limit during the
first 3 weeks. A significant difference

Table 1

Summary of the Current Literature on Rehabilitation Timing Following Rotator Cuff Repair and its Effects on
Postoperative Outcomes

Study
No. of

Pts
Average Age in

Years Tear Size Degree of Tear
ROM Elevation

(Early/Late)

Lee et al7 64 54.5 (group A), 55.2
(group B)a

Medium and large Full-thickness 6 mo: group A, 157.3°;
group B, 151.9°.
12 mo: group A,
155.3°; group B, 153°.

Kim et al39 105 60 Small and medium Full-thickness 6 mo: 150.57°/147.14°.
12 mo: 159.75°/
153.67°.

Cuff and
Pupello40

68 63.2 U-shaped tears. Size not
reported.

Full-thickness 6 mo: 172°/165°;b

12 mo: 174°/173°.

Düzgün
et al41

29 55.9 (early), 56.6 (late) Small, medium, and
large

Partial and full-thickness N/A

Garofalo
et al42

100 60 N/A N/A 6 mo: 158.1°/151.7°;b

12 mo: 165.2°/158°.

Deutsch
et al43

70 57 Small, medium, large,
and massive

N/A No significant difference
found

Parsons
et al44

43 63.8 <3 cm and ≥3 cm Full-thickness Mean active FE at 12
mo: 166°/161°.c

ASES = American Shoulder and Elbow Surgeons; CPM = continuous passive motion; DASH = Disabilities of the Arm, Shoulder, and Hand;
FE = forward elevation; FF = forward flexion; N/A = not applicable; ROM = range of motion; SST = simple shoulder test; UCLA = University of
California, Los Angeles; VAS = visual analog scale
a Group A: aggressive early passive rehabilitation. Group B: limited early passive rehabilitation.
b Significant difference: P < 0.05
c Compared 10 stiff patients who had <100° FE or <30° external rotation with 33 non-stiff patients. Both groups wore a sling and did no reha-
bilitation for the first 6 weeks.
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was shown in the University of Cali-
fornia, Los Angeles score at 3
months (aggressive, 29.4; limited,
26.5) but not at 6 or 12 months. Par-
sons et al44 classified patients as stiff
or non-stiff depending on their abil-
ity to obtain 100° of forward flexion
or 30° of external rotation at 6 to 8
weeks postoperatively. At 1-year
follow-up, they found no statistically
significant difference in functional
outcome between the two groups
based on ASES and Constant scores.

These studies demonstrate a bene-
fit with early ROM protocols at
early follow-up, with equivocal re-
sults at longer follow-up.

Range of Motion
Several studies have reported on the
effect of postoperative rehabilitation
protocols on recovery of ROM after
rotator cuff tear. Findings are mixed,
however, with some authors docu-
menting improvement in ROM and
some showing more equivalent re-
sults.

In several studies, early use of a
therapy protocol that incorporates
CPM led to improvements in early
ROM. Garofalo et al42 compared
two postoperative protocols used
within the first 4 weeks after surgery
(ie, early). Both groups performed
passive ROM, but one group used a

CPM device. There was a significant
increase in ROM and pain relief in
the CPM group at 2 to 3 months,
but no differences in clinical out-
comes were noted at 12 months.

In a recent study, early postopera-
tive ROM was shown to be im-
proved with a more aggressive post-
operative regimen. Lee et al7

compared two groups of patients
with respect to ROM and several
other outcomes. The two therapy
protocols both began on the first
postoperative day and differed only
in the amount of passive motion al-
lowed. Both groups began active-
assisted motion at 6 weeks. The

Table 1 (continued)

Summary of the Current Literature on Rehabilitation Timing Following Rotator Cuff Repair and its Effects on
Postoperative Outcomes

Functional Outcome Measure
(Early/Late)

Mean VAS
(Early/Late)

Re-tear Rate
(Early/Late) Recommendation

UCLA score at 3 mo: group A, 29.4;
group B, 26.5. UCLA score at 24 mo:
group A, 32.3; group B, 31.8.

No significant difference
at 3, 6, or 12 mo

Group A, 23.3%. Group
B, 8.8%. P = 0.106.

Limited self-directed rehabilitation
best. More aggressive rehabilitation
increases the re-tear rate.

Constant score at 6 mo: 66.11/64.52;
at 12 mo: 69.81/69.83. ASES score
at 6 mo: 67.08/69.89; at 12 mo:
73.29/82.90.

6 mo: 3.0/3.2;
12 mo: 2.8/1.8

12%/18% (P = 0.429) Beginning early passive ROM <4 wk
postoperatively had no effect

SST score at 12 mo: 11.1/11.1. ASES
score at 12 mo: 91.1/92.8.

N/A 15%/9% (P = 0.47) Slight improvement in early ROM but
very similar outcomes at 1 y. Slightly
better healing observed in the de-
layed ROM group.

DASH score at 8 wk, 31.6/53.8;b

at 16 wk, 15.9/31.4.b
5 wk: 2.32/4.67;b 16 wk:

0.32/2.86.b
N/A Accelerated protocol led to less pain

and more rapid recovery of func-
tional level

N/A 2.5 mo: 7.5/9.1;b

6 mo: 0.5/0.6; 12 mo:
0.2/0.2.

N/A CPM reduces joint pain and improves
ROM at short-term follow-up

N/A N/A 19%/9% (P > 0.05) At 6 mo, decelerated protocol (begin-
ning passive FF at 4 wk) resulted in
fewer re-tears

Constant score: preoperative, 46 stiff
vs 54 non-stiff; 12 mo, 77 stiff vs 74
non-stiff. ASES score: preoperative,
45 stiff vs 47 non-stiff; 12 mo, 83 stiff
vs 79 non-stiff.

Preoperative: 5.8 stiff vs
5.1 non-stiff. 12 mo:
2.0 stiff vs 1.7 non-stiff.

Stiff: 30%. Non-stiff:
64%. P = 0.079.

No significant difference in long-term
outcome in patients who were stiff at
6 wk. Trend toward fewer re-tears in
stiff patients.

ASES = American Shoulder and Elbow Surgeons; CPM = continuous passive motion; DASH = Disabilities of the Arm, Shoulder, and Hand;
FE = forward elevation; FF = forward flexion; N/A = not applicable; ROM = range of motion; SST = simple shoulder test; UCLA = University of
California, Los Angeles; VAS = visual analog scale
a Group A: aggressive early passive rehabilitation. Group B: limited early passive rehabilitation.
b Significant difference: P < 0.05
c Compared 10 stiff patients who had <100° FE or <30° external rotation with 33 non-stiff patients. Both groups wore a sling and did no reha-
bilitation for the first 6 weeks.
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more aggressive group showed im-
proved ROM at 3-month follow-up,
but there was no difference at 6 or
12 months. Early motion was sig-
nificantly better in the prospective
randomized study by Cuff and Pu-
pello,40 as well. At 6-month follow-
up, forward elevation was signifi-
cantly better in the early group than
in the late group (172° and 165°, re-
spectively), but there was no differ-
ence at 1-year follow-up (174° and
173°, respectively), nor was there a
difference in any internal or external
rotation measurements. In their re-
cent abstract on a two-surgeon expe-
rience with early and delayed proto-
cols, Weber and Torrey48 noted
greater ROM in the early group at
3-, 6-, 9-, and 12-week follow-up.

Certain patient populations are at
higher risk for postoperative stiffness
following rotator cuff repair. Preop-
erative ROM has been noted to have
a significant association with postop-
erative motion.49 In one series, pa-
tients at higher risk for postoperative
stiffness included those with calcific
tendinitis, adhesive capsulitis, or par-
tial articular-sided supraspinatus ten-
don avulsion tears; those undergoing
concomitant labral repair; and those
with single tendon cuff repairs.37 A
follow-up study on this at-risk popu-
lation showed that modification of
standard rehabilitation protocols
done to include early closed-chain
overhead stretching resulted in no
cases of postoperative stiffness,
which was a statistically significant
improvement over historical controls
(7.8%).50

Several other studies have shown
no improvement in ROM with early
motion protocols following rotator
cuff repair. A recent study random-
ized patients into one of two groups
based on when passive ROM was al-
lowed after arthroscopic rotator cuff
repair.39 Both groups wore an abduc-
tion sling for the first 6 weeks. The
first group was encouraged to re-

move the sling during this time and
perform passive ROM three to four
times per day, whereas the second
group was held in the sling at all
times. After the initial 6 weeks, both
groups began active-assisted motion.
No significant difference in ROM
was found at any follow-up time (3,
6, or 12 months). Parsons et al44 re-
ported on patients who were immo-
bilized in a sling for the first 6 weeks
after surgery. Patients were classified
as stiff if they were unable to obtain
100° of forward elevation or 30° of
external rotation passively. At 12
months postoperatively, there was no
significant difference in ROM be-
tween stiff and non-stiff patients. Of
note, there was a disparity in the sur-
gical technique used for each group;
70% of the stiff patients were treated
with double-row repair, compared
with 27% of the non-stiff patients.

Several studies have shown equivo-
cal long-term ROM outcomes in com-
parisons of more aggressive protocols
and conservative rehabilitation pro-
grams. Studies with 12-month
follow-up have consistently shown no
significant difference in shoulder ROM
due to early/aggressive rehabilitation
even if a difference was noted at earlier
follow-up.7,39,42,44

Pain
Garofalo et al42 reported a lower av-
erage VAS pain score at 2.5-month
follow-up in the group that used a
CPM device in the early rehabilita-
tion phase (CPM, 7.5; non-CPM,
9.1). Düzgün et al41 reported on pain
at rest, during activity, and at night.
At 5-week follow-up, there was a
significant difference in VAS between
the accelerated and the slow protocol
during activity and at night. There
was no difference in VAS at rest or at
any of the other follow-up times (1
week and 3, 8, 12, 16, and 24
weeks). Weber and Torrey48 also re-
ported worse VAS in the delayed

group at all follow-up times (final
follow-up, 12 weeks).

In their study comparing early pas-
sive motion with immobilization fol-
lowing rotator cuff repair, Kim et al39

did not find any significant differ-
ence in VAS pain scores between the
groups at either 6 or 12 months.
They did not report pain scores at
the 3-month follow-up. In their
study comparing aggressive and lim-
ited postoperative protocols, Lee
et al7 found no statistically signifi-
cant difference in pain scores be-
tween groups at 3-, 6-, or 12-month
follow-up.

Pain is a subjective outcome measure.
Although the aforementioned studies
may lend some support to the notion
that allowing more early ROM could
decrease pain, they do not definitively
support that hypothesis. Further re-
search is needed on pain in the early
postoperative period.

Muscle Strength
Standard rehabilitation protocols do
not focus on recovery of strength un-
til adequate early tendon-to-bone
healing has occurred and glenohu-
meral ROM has recovered.23 Several
studies have reported on strength in
the shoulder after rotator cuff repair
in patients who followed a so-called
routine rehabilitation protocol.51,52 In
a recent study, Hughes et al51 demon-
strated that rotator cuff strength, as
characterized by dynamometer test-
ing, was lower at 3 months postoper-
atively compared with preoperative
strength and did not improve to
higher-than-preoperative levels until
6 months postoperatively.

Bey et al52 reported that even 24
months postoperatively, shoulder
strength remained less than that of the
contralateral healthy shoulder in most
patients. They noted less abduction and
elevation strength in more than half of
patients and less external rotation
strength in 81%. They also noted that
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these surgeries were on the dominant
shoulder in 71% of cases; thus, the
nondominant shoulder was frequently
stronger postoperatively. In their study
comparing aggressive passive ROM
and limited passive ROM, Lee et al7

found a nonsignificant trend toward
improved strength in the more conser-
vative group at 3-month follow-up and
no difference between the groups at 12-
month follow-up.

Further research is needed on recov-
ery of strength with respect to various
rehabilitation protocols following ar-
throscopic rotator cuff repair.

Re-tear Rates
Re-tear of the rotator cuff following
repair remains a considerable con-
cern to surgeons and patients alike.
A recent systematic review found the
overall re-tear rate after arthroscopic
repair to be 20.4%.53 The reported
re-tear rate varies widely, ranging
from zero to 94%.14,54-57

The risk of recurrent tear varies by
patient population; thus, the fre-
quency of re-tear in a given study
must be considered in the context of
the individual study population and
the study design. Furthermore, meth-
odology regarding the characteriza-
tion and definition of re-tears is in-
consistent. The re-tear rate is related
to patient factors such as age, tear
size, tissue quality, fatty infiltration,
and medical comorbidities, as well as
to surgical technique, such as arthro-
scopic or open repair, and single- or
double-row repair.3,9,14 However, the
effect of specific postoperative reha-
bilitation protocols on re-tear rates
has not been as well studied. One
concern of both patients and health-
care professionals is that an early,
aggressive rehabilitation program
may be associated with a higher inci-
dence of tendon re-tear.

In a prospective randomized study,
Deutsch et al43 evaluated re-tear fol-
lowing different postoperative reha-

bilitation techniques. Both patient
groups performed pendulum exer-
cises and passive external rotation
stretching in the early postoperative
period, beginning passive ROM
either on postoperative day 7 (stan-
dard group) or after 4 weeks (decel-
erated group). Patients were evalu-
ated clinically and with rotator cuff
ultrasound. At 6 months, the re-tear
rate was 19% in the standard treat-
ment group and 9% in the deceler-
ated group. This difference was not
statistically significant.

In a randomized study, Cuff and
Pupello40 used ultrasonography to
evaluate rotator cuff healing an aver-
age of 12.2 months after surgery.
The re-tear rate was slightly higher
in the early ROM group than in the
delayed ROM group (15% and 9%,
respectively). This difference was not
statistically significant. Lee et al7

evaluated re-tear rates on postopera-
tive MRI ≥6 months after repair in
their study on aggressive versus con-
servative rehabilitation. Although
the re-tear rate was significantly
higher in the more aggressive group
than in the conservative group
(23.3% and 8.8%, respectively),
there was no difference in long-term
functional outcome. Kim et al39 re-
ported on re-tear rates after cuff re-
pair in a prospective study compar-
ing different passive motion regimens
in the early postoperative period.
MRI and CT arthrography were
used to diagnose re-tears at a mini-
mum of 12 months postoperatively.
The re-tear rate was 12% in the
early ROM group and 18% in the
other group. This difference was not
statistically significant. Weber and
Torrey48 also used MRI after 4 to 6
months to evaluate the re-tear rate in
patients who had early or delayed re-
habilitation. The delayed group ex-
hibited more defects on follow-up
MRI. This was not statistically sig-
nificant, however. Parsons et al44 re-
ported a trend toward lower re-tear

rates in stiff patients than in non-stiff
patients (30% and 64%, respec-
tively) at 12-month MRI evaluation.
This difference was not significant,
which likely is attributable to the
low sample size of the study.

These results with respect to re-
tear of the rotator cuff should be an-
alyzed critically. Three of the afore-
mentioned five recent studies that
compare different rehabilitation pro-
tocols after arthroscopic rotator cuff
repairs found a trend toward higher
re-tear rates with an early/more ag-
gressive therapy protocol.7,40,43 The
re-tear rates were not statistically dif-
ferent in any of these three studies.
The other two studies had a higher
but not statistically significant re-tear
rate in patients treated with a more
conservative protocol.39,48

None of these studies reported a
difference in functional outcomes
scores at final follow-up (12 to 24
months), regardless of the state of
the rotator cuff tendon. The hetero-
geneous designs and methods of
these studies preclude any type of
data aggregation to improve the
power of the data, however. Al-
though the literature suggests that
patients with intact repairs have ex-
cellent clinical outcomes, the signifi-
cance of postoperative rotator cuff
tears is not clear. Because of the lack
of postoperative tear size stratifica-
tion and insufficient statistical power
to perform such stratification in
most studies, it cannot be definitely
concluded whether rehabilitation
timing has an effect on re-tear inci-
dence. Future research is needed to
assess the effect of timing on the inci-
dence of re-tears.

Summary

The literature does not definitively
demonstrate a significant clinical dif-
ference between more aggressive,
early rehabilitation regimens com-
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pared with slower programs that rely
on a longer period of immobiliza-
tion. However, a trend has been ob-
served toward better early pain re-
lief, ROM, and functional scores in
patients treated with an early/
aggressive program. However, higher
re-tear rates have been noted, as
well, with such regimens. In general,
these differences are observed in the
early stages of healing, and a consen-
sus exists that rehabilitation timing
does not affect clinical outcomes af-
ter 6 to 24 months postoperatively.
Long-term follow-up studies (>24
months) are necessary to elucidate
whether re-tears affect outcomes.

The lack of a consensus in the liter-
ature suggests the need for more fo-
cused research. The effect of rehabili-
tation timing on clinical outcomes as
a function of patient factors such as
age, sex, body mass index, compli-
ance level, and concomitant condi-
tions have yet to be fully elucidated.
Large studies such as prospective co-
horts originating from registry-based
data will provide clinically helpful
information by stratifying patients
into subgroups, and some of these
patients may benefit from aggressive
rehabilitation. Currently, treatment
should be individualized, taking into
account factors such as perceived
compliance, tear chronicity, tissue/
repair integrity, patient age, and
mechanism of injury.

References

Evidence-based Medicine: Levels of
evidence are described in the table of
contents. In this article, references 5,
20, 39, and 40 are level I studies.
References 7, 8, 19, 30, 42, and 46
are level II studies. References 2, 9,
12, 14, and 41 are level III studies.
References 3, 6, 37, 44, 47, and
50-57 are level IV studies.

References printed in bold type are
those published within the past 5 years.

1. Tashjian RZ: Epidemiology, natural
history, and indications for treatment of
rotator cuff tears. Clin Sports Med 2012;
31(4):589-604.

2. Yamamoto A, Takagishi K, Osawa T,
et al: Prevalence and risk factors of a
rotator cuff tear in the general
population. J Shoulder Elbow Surg
2010;19(1):116-120.

3. Galatz LM, Ball CM, Teefey SA, Middle-
ton WD, Yamaguchi K: The outcome
and repair integrity of completely
arthroscopically repaired large and
massive rotator cuff tears. J Bone Joint
Surg Am 2004;86(2):219-224.

4. Fucentese SF, von Roll AL, Pfirrmann
CW, Gerber C, Jost B: Evolution of
nonoperatively treated symptomatic
isolated full-thickness supraspinatus
tears. J Bone Joint Surg Am 2012;94(9):
801-808.

5. Lapner PL, Sabri E, Rakhra K, et al: A
multicenter randomized controlled trial
comparing single-row with double-row
fixation in arthroscopic rotator cuff
repair. J Bone Joint Surg Am 2012;
94(14):1249-1257.

6. Maman E, Harris C, White L, Tomlinson
G, Shashank M, Boynton E: Outcome of
nonoperative treatment of symptomatic
rotator cuff tears monitored by magnetic
resonance imaging. J Bone Joint Surg
Am 2009;91(8):1898-1906.

7. Lee BG, Cho NS, Rhee YG: Effect of
two rehabilitation protocols on range of
motion and healing rates after arthro-
scopic rotator cuff repair: Aggressive
versus limited early passive exercises.
Arthroscopy 2012;28(1):34-42.

8. Bishop J, Klepps S, Lo IK, Bird J,
Gladstone JN, Flatow EL: Cuff integrity
after arthroscopic versus open rotator
cuff repair: A prospective study.
J Shoulder Elbow Surg 2006;15(3):
290-299.

9. Liem D, Bartl C, Lichtenberg S, Magosch
P, Habermeyer P: Clinical outcome and
tendon integrity of arthroscopic versus
mini-open supraspinatus tendon repair:
A magnetic resonance imaging-
controlled matched-pair analysis.
Arthroscopy 2007;23(5):514-521.

10. Yamaguchi K, Levine WN, Marra G,
Galatz LM, Klepps S, Flatow EL:
Transitioning to arthroscopic rotator
cuff repair: The pros and cons. Instr
Course Lect 2003;52:81-92.

11. Norberg FB, Field LD, Savoie FH III:
Repair of the rotator cuff: Mini-open
and arthroscopic repairs. Clin Sports
Med 2000;19(1):77-99.

12. Severud EL, Ruotolo C, Abbott DD,
Nottage WM: All-arthroscopic versus
mini-open rotator cuff repair: A long-
term retrospective outcome comparison.

Arthroscopy 2003;19(3):234-238.

13. Morse K, Davis AD, Afra R, Kaye EK,
Schepsis A, Voloshin I: Arthroscopic
versus mini-open rotator cuff repair: A
comprehensive review and meta-analysis.
Am J Sports Med 2008;36(9):1824-
1828.

14. Sugaya H, Maeda K, Matsuki K,
Moriishi J: Functional and structural
outcome after arthroscopic full-thickness
rotator cuff repair: Single-row versus
dual-row fixation. Arthroscopy 2005;
21(11):1307-1316.

15. Meier SW, Meier JD: Rotator cuff
repair: The effect of double-row fixation
on three-dimensional repair site. J Shoul-
der Elbow Surg 2006;15(6):691-696.

16. Kim DH, Elattrache NS, Tibone JE, et al:
Biomechanical comparison of a single-
row versus double-row suture anchor
technique for rotator cuff repair. Am J
Sports Med 2006;34(3):407-414.

17. Levy O, Relwani J, Zaman T, Even T,
Venkateswaran B, Copeland S:
Measurement of blood flow in the
rotator cuff using laser Doppler
flowmetry. J Bone Joint Surg Br 2008;
90(7):893-898.

18. Lohr JF, Uhthoff HK: The microvascular
pattern of the supraspinatus tendon. Clin
Orthop Relat Res 1990;(254):35-38.

19. Park JY, Lhee SH, Choi JH, Park HK,
Yu JW, Seo JB: Comparison of the
clinical outcomes of single- and double-
row repairs in rotator cuff tears. Am J
Sports Med 2008;36(7):1310-1316.

20. Burks RT, Crim J, Brown N, Fink B,
Greis PE: A prospective randomized
clinical trial comparing arthroscopic
single- and double-row rotator cuff
repair: Magnetic resonance imaging and
early clinical evaluation. Am J Sports
Med 2009;37(4):674-682.

21. Conti M, Garofalo R, Delle Rose G,
et al: Post-operative rehabilitation after
surgical repair of the rotator cuff. Chir
Organi Mov 2009;93(suppl 1):S55-S63.

22. Ellenbecker T, Bailie D, Kibler WB:
Rehabilitation after mini-open and
arthroscopic repair of the rotator cuff, in
Manske R, ed: Postsurgical Orthopedic
Sports Rehabilitation: Knee and
Shoulder. St. Louis, MO, Mosby-
Elsevier, 2006, pp 665-682.

23. Millett PJ, Wilcox RB III, O’Holleran
JD, Warner JJ: Rehabilitation of the
rotator cuff: An evaluation-based
approach. J Am Acad Orthop Surg
2006;14(11):599-609.

24. Carpenter JE, Thomopoulos S, Flanagan
CL, DeBano CM, Soslowsky LJ: Rotator
cuff defect healing: A biomechanical and
histologic analysis in an animal model.
J Shoulder Elbow Surg 1998;7(6):599-
605.

Rehabilitation Following Arthroscopic Rotator Cuff Repair: A Review of Current Literature

8 Journal of the American Academy of Orthopaedic Surgeons



25. Kaneps AJ, Stover SM, Lane NE:
Changes in canine cortical and cancel-
lous bone mechanical properties follow-
ing immobilization and remobilization
with exercise. Bone 1997;21(5):419-423.

26. Sarver JJ, Peltz CD, Dourte L, Reddy S,
Williams GR, Soslowsky LJ: After
rotator cuff repair, stiffness—but not the
loss in range of motion—increased
transiently for immobilized shoulders in
a rat model. J Shoulder Elbow Surg
2008;17(1 suppl):108S-113S.

27. Gimbel JA, Van Kleunen JP, Williams
GR, Thomopoulos S, Soslowsky LJ:
Long durations of immobilization in the
rat result in enhanced mechanical
properties of the healing supraspinatus
tendon insertion site. J Biomech Eng
2007;129(3):400-404.

28. Kamps BS, Linder LH, DeCamp CE,
Haut RC: The influence of
immobilization versus exercise on scar
formation in the rabbit patellar tendon
after excision of the central third. Am J
Sports Med 1994;22(6):803-811.

29. Palmes D, Spiegel HU, Schneider TO,
et al: Achilles tendon healing: Long-term
biomechanical effects of postoperative
mobilization and immobilization in a
new mouse model. J Orthop Res 2002;
20(5):939-946.

30. Gladstone JN, Bishop JY, Lo IK, Flatow
EL: Fatty infiltration and atrophy of the
rotator cuff do not improve after rotator
cuff repair and correlate with poor
functional outcome. Am J Sports Med
2007;35(5):719-728.

31. Hughes RE, An KN: Force analysis of
rotator cuff muscles. Clin Orthop Relat
Res 1996;(330):75-83.

32. Chang YW, Hughes RE, Su FC, Itoi E,
An KN: Prediction of muscle force
involved in shoulder internal rotation.
J Shoulder Elbow Surg 2000;9(3):188-
195.

33. Wakabayashi I, Itoi E, Sano H, et al:
Mechanical environment of the
supraspinatus tendon: A two-
dimensional finite element model
analysis. J Shoulder Elbow Surg 2003;
12(6):612-617.

34. Juul-Kristensen B, Bojsen-Moller F,
Finsen L, et al: Muscle sizes and moment
arms of rotator cuff muscles determined
by magnetic resonance imaging. Cells
Tissues Organs 2000;167(2-3):214-222.

35. Mazzocca AD, Millett PJ, Guanche CA,
Santangelo SA, Arciero RA:
Arthroscopic single-row versus double-
row suture anchor rotator cuff repair.
Am J Sports Med 2005;33(12):1861-
1868.

36. Ma CB, Comerford L, Wilson J, Puttlitz
CM: Biomechanical evaluation of
arthroscopic rotator cuff repairs:

Double-row compared with single-row
fixation. J Bone Joint Surg Am 2006;
88(2):403-410.

37. Huberty DP, Schoolfield JD, Brady PC,
Vadala AP, Arrigoni P, Burkhart SS:
Incidence and treatment of postoperative
stiffness following arthroscopic rotator
cuff repair. Arthroscopy 2009;25(8):880-
890.

38. Ellenbecker TS, Davies GJ, Reinold MM:
Rehabilitation principles following
rotator cuff and superior labral repair, in
Kibler WB, ed: Orthopaedic Knowledge
Update: Sports Medicine 4. Rosemont,
IL, American Academy of Orthopaedic
Surgeons, 2009, pp 217-227.

39. Kim YS, Chung SW, Kim JY, Ok JH,
Park I, Oh JH: Is early passive motion
exercise necessary after arthroscopic
rotator cuff repair? Am J Sports Med
2012;40(4):815-821.

40. Cuff DJ, Pupello DR: Prospective
randomized study of arthroscopic
rotator cuff repair using an early versus
delayed postoperative physical therapy
protocol. J Shoulder Elbow Surg 2012;
21(11):1450-1455.

41. Düzgün I, Baltaci G, Atay OA:
Comparison of slow and accelerated
rehabilitation protocol after arthroscopic
rotator cuff repair: Pain and functional
activity. Acta Orthop Traumatol Turc
2011;45(1):23-33.

42. Garofalo R, Conti M, Notarnicola A,
Maradei L, Giardella A, Castagna A:
Effects of one-month continuous passive
motion after arthroscopic rotator cuff
repair: Results at 1-year follow-up of a
prospective randomized study.
Musculoskelet Surg 2010;94(suppl 1):
S79-S83.

43. Deutsch A, Guelich D, Mundanthanam
G, Govea C, Labis J: Abstract: The effect
of rehabilitation on cuff integrity and
range of motion following arthroscopic
rotator cuff repair: A prospective,
randomized study of a standard vs.
decelerated rehabilitation protocol (SS-
23). Arthroscopy 2007;23(6 suppl):e12.

44. Parsons BO, Gruson KI, Chen DD,
Harrison AK, Gladstone J, Flatow EL:
Does slower rehabilitation after
arthroscopic rotator cuff repair lead to
long-term stiffness? J Shoulder Elbow
Surg 2010;19(7):1034-1039.

45. Smith MV, Calfee RP, Baumgarten KM,
Brophy RH, Wright RW: Upper
extremity-specific measures of disability
and outcomes in orthopaedic surgery.
J Bone Joint Surg Am 2012;94(3):277-
285.

46. Aydin N, Kocaoglu B, Guven O: Single-
row versus double-row arthroscopic
rotator cuff repair in small- to medium-
sized tears. J Shoulder Elbow Surg 2010;
19(5):722-725.

47. Cole BJ, McCarty LP III, Kang RW, Al-
ford W, Lewis PB, Hayden JK:
Arthroscopic rotator cuff repair:
Prospective functional outcome and
repair integrity at minimum 2-year
follow-up. J Shoulder Elbow Surg 2007;
16(5):579-585.

48. Weber SC, Torrey D: Abstract: Early ver-
sus delayed rehabilitation in arthroscopic
rotator cuff surgery: A dual surgeon
comparative cohort study (SS-15).
Arthroscopy 2012;28(6, suppl 1):e9-e10.

49. Tauro JC: Stiffness and rotator cuff tears:
Incidence, arthroscopic findings, and
treatment results. Arthroscopy 2006;
22(6):581-586.

50. Koo SS, Parsley BK, Burkhart SS,
Schoolfield JD: Reduction of
postoperative stiffness after arthroscopic
rotator cuff repair: Results of a
customized physical therapy regimen
based on risk factors for stiffness.
Arthroscopy 2011;27(2):155-160.

51. Hughes A, Even T, Narvani AA, et al:
Pattern and time phase of shoulder
function and power recovery after
arthroscopic rotator cuff repair.
J Shoulder Elbow Surg 2012;21(10):
1299-1303.

52. Bey MJ, Peltz CD, Ciarelli K, et al: In
vivo shoulder function after surgical
repair of a torn rotator cuff:
Glenohumeral joint mechanics, shoulder
strength, clinical outcomes, and their
interaction. Am J Sports Med 2011;
39(10):2117-2129.

53. Slabaugh MA, Nho SJ, Grumet RC,
et al: Does the literature confirm
superior clinical results in
radiographically healed rotator cuffs
after rotator cuff repair? Arthroscopy
2010;26(3):393-403.

54. Boileau P, Brassart N, Watkinson DJ,
Carles M, Hatzidakis AM, Krishnan SG:
Arthroscopic repair of full-thickness
tears of the supraspinatus: Does the
tendon really heal? J Bone Joint Surg Am
2005;87(6):1229-1240.

55. Wilson F, Hinov V, Adams G: Arthro-
scopic repair of full-thickness tears of the
rotator cuff: 2- to 14-year follow-up.
Arthroscopy 2002;18(2):136-144.

56. Vastamäki M, Lohman M, Borgmästars
N: Rotator cuff integrity correlates with
clinical and functional results at a
minimum 16 years after open repair.
Clin Orthop Relat Res 2013;471(2):
554-561.

57. Liem D, Lichtenberg S, Magosch P,
Habermeyer P: Magnetic resonance
imaging of arthroscopic supraspinatus
tendon repair. J Bone Joint Surg Am
2007;89(8):1770-1776.

David Ross, MD, et al

January 2014, Vol 22, No 1 9


