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Abstract

Introduction To determine whether immobilization after
arthroscopic rotator cuff repair improved tendon healing
compared with early passive motion.

Materials and methods A systematic electronic literature
search was conducted to identify randomized controlled tri-
als (RCTs) comparing early passive motion with immobi-
lization after arthroscopic rotator cuff repair. The primary
outcome assessed was tendon healing in the repaired cuff.
Secondary outcome measures were range of motion (ROM)
and American Shoulder and Elbow Surgeons (ASES)
shoulder scale, Simple Shoulder Test (SST), Constant, and
visual analog scale (VAS) for pain scores. Pooled analyses
were performed using a random effects model to obtain
summary estimates of treatment effect with 95 % confi-
dence intervals. Heterogeneity among included studies was
quantified.

Results Three RCTs examining 265 patients
included. Meta-analysis revealed no significant difference in
tendon healing in the repaired cuff between the early-motion
and immobilization groups. A significant difference in exter-
nal rotation at 6 months postoperatively favored early motion
over immobilization, but no significant difference was
observed at 1 year postoperatively. In one study, Constant
scores were slightly higher in the early-motion group than in
the immobilization group. Two studies found no significant
difference in ASES, SST, or VAS score between groups.
Conclusion We found no evidence that immobiliza-
tion after arthroscopic rotator cuff repair was superior to
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early-motion rehabilitation in terms of tendon healing or
clinical outcome. Patients in the early-motion group may
recover ROM more rapidly.

Level of evidence Level II; systematic review of levels I
and II studies.

Keywords Arthroscopic rotator cuff repair -
Rehabilitation - Tendon healing - Meta-analysis

Introduction

Arthroscopic rotator cuff repair has become the most popu-
lar surgical treatment for rotator cuff pathology in the last
two decades, and it now provides largely good clinical
results. However, despite the advancement and refinement
of arthroscopic techniques, the non-healing rate after rota-
tor cuff repair remains 20-94 % [1, 2]. Some studies have
documented better results of rotator cuff repair when ten-
don healing is successful [3-7]; thus, the achievement of
such healing can reasonably be considered a primary objec-
tive of this surgery.

Many factors affect whether a tendon will successfully heal
to a bony tuberosity after repair [7—13]. Early motion rehabil-
itation, usually recommended to prevent postoperative stiff-
ness, may be one such factor. Some animal studies have sug-
gested that early motion causes strain or micromotion at the
repair site, compromising healing, whereas immobilization of
the shoulder after rotator cuff repair improves tendon-to-bone
healing [14—16]. In contrast, another animal study found that
continuous passive motion enhanced tendon—bone recovery
after rotator cuff repair [17]. Thus, animal studies have not
successfully identified the optimal rehabilitation method for
tendon healing. Similarly, comparative clinical studies have
yielded conflicting results; some have demonstrated that a
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Table 1 Database search

(Arthroscop* OR Arthroscopy [mesh]) AND (rotator cuff* OR rotator cuff{mesh])

AND ([exercis* OR physical therap* OR rehabilita*] OR Exercise Therapy

1. Arthroscop* AND (‘rotator cuff’/exp OR ‘rotator cuff’) AND rehabilita*

2. ‘Arthroscopy’/exp OR arthroscopy AND (‘rotator cuff’/exp OR ‘rotator cuff”)
AND (‘rehabilitation’/exp OR rehabilitation)

. MeSH descriptor Arthroscopy (explode all trees)
. MeSH descriptor Rotator Cuff (explode all trees)

. MeSH descriptor Exercise Therapy (explode all trees)
. “Exercise*” OR “physical therapy*” OR “rehabilitation*”

. Database Search strategy
strategies
PubMed
[mesh])
Embase
3.10R2
Cochrane 1
2. Arthroscop*
3
4. Rotator cuft*
5
6
7.10R2
8.30R 4
9.50R 6
1

0.7 AND 8 AND 9

postoperative immobilization period improved the rate of ten-
don healing [18-20], whereas others found that immobiliza-
tion after rotator cuff repair had no effect on the healing rate
compared with early passive motion [21].

To our knowledge, no systematic review or meta-anal-
ysis on this topic has been published. The present meta-
analysis of data from randomized controlled trials (RCTs)
was conducted to provide an evidence-based appraisal of
the effects of immobilization after arthroscopic rotator cuff
repair. We postulated that the rate of cuff healing would be
higher in patients treated with immobilization than in those
who followed an early-motion rehabilitation protocol.

Methods
Search strategy

We searched the PubMed and Embase electronic databases
and the Cochrane Central Register of Controlled Trials to
identify published reports of rehabilitation for rotator cuff
repair. The search strategy is presented in Table 1. Refer-
ence lists of relevant articles were manually searched to
identify additional trials. We imposed no language restric-
tion on the search, and included articles published through
2 Dec 2013.

Inclusion criteria

Two authors independently reviewed each article to deter-
mine the eligibility for inclusion based on the following
criteria: (1) RCT, (2) analysis of arthroscopic repair of rota-
tor cuff tears, (3) comparison of early passive motion with
postoperative immobilization as rehabilitation protocol, and
(4) follow-up period >1 year. Disagreements were resolved
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by discussion until consensus was reached. When the two
reviewers could not reach consensus, a third reviewer was
asked to provide a final opinion.

Outcome measures

The primary outcome assessed was tendon healing in the
repaired cuff. Secondary outcome measures were the range
of motion (ROM) and American Shoulder and Elbow Sur-
geons (ASES) shoulder scale, Simple Shoulder Test (SST),
Constant, and visual analog scale (VAS) for pain scores.

Data extraction and assessment of risk of bias

Two reviewers independently extracted data from each trial.
The risk of bias in the studies was assessed independently
using the Cochrane criteria [22], which comprise seven fea-
tures of interest: (1) sequence generation, (2) allocation con-
cealment, (3) blinding of participants and personnel, (4) blind-
ing of outcome assessment, (5) incomplete outcome data, (6)
elective outcome reporting, and (7) other sources of bias.

Statistical analysis

The incidence of tendon healing was treated as a dichoto-
mous variable, expressed as a risk ratio (RR) with a 95 %
confidence interval (CI) for each study. ROM parameters
(forward flexion and external rotation) were treated as
continuous variables. For continuous variables, means and
standard deviations were used to calculate weighted mean
differences (WMDs) and 95 % Cls in the meta-analysis.
Heterogeneity among studies was quantified using the
P statistic, which is a quantitative measure of inconsist-
ency across studies. An I value of 0 % represents no het-
erogeneity, and values of 25, 50, and >75 % represent low,
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Potentially relevant citations identified (n = 912)
PubMed (n = 329)
Embase (2 = 534)

Excluded based on title
and abstract (n = 906)

Cochrane Central Register of Controlled Trials (n = 49)

Excluded (n = 3)

Duplicate (n= 1)

Studies retrieved
for more detailed
evalution (n = 6)

Non-randomized (n = 1)

Different rehabilitation protocol (n = 1)

l

Three studies were eligible for systematic
review.References cited in included studies
did not contribute additional relevant studies.

Fig. 1 Flow diagram of the study. Summary of the search process
and study identification. Three studies were included in the final anal-
ysis

moderate, and high degrees of heterogeneity, respectively
[23]. Data from eligible studies were pooled using a ran-
dom effects model because of anticipated heterogeneity
among study populations, surgical treatment protocols,
and durations of immobilization. Analyses were conducted
using Review Manager Software (ver. 5.1; The Nordic
Cochrane Centre, The Cochrane Collaboration, Copenha-
gen, Denmark).

Results
Study characteristics

Three of 912 articles identified in the literature search
met the inclusion criteria (Fig. 1) [19-21]. These studies

Table 2 Study characteristics

involved a total of 265 patients (early motion, n = 138;
immobilization, n = 127). General data from the three
studies are summarized in Table 2.

The risk of bias in these studies is summarized in Fig. 2.
The use of randomization was mentioned in two of the
three trials; randomization was table generated in one case
[19] and the method was not described in the other case
[20]. Allocation concealment was adequate in two stud-
ies [19, 21], which was confirmed in one case by contact-
ing the author [21]. One study [19] used triple blinding,
whereas blinding was not used or not clearly described in
two studies [20, 21]. Regarding incomplete outcome data,
one article [20] reported an exclusion rate exceeding 15 %.
No publication clearly discussed reporting bias or any other
source of bias.

Primary outcome: tendon healing

All three articles reported information on tendon healing
[19-21]. Meta-analysis revealed no significant difference
in the incidence of repaired cuff healing between the early-
motion and immobilization groups (RR = 0.98, 95 %,
CI = 0.88-1.09, P = 0.67) and no heterogeneity (I* = 0 %;
Fig. 3).

Secondary outcomes
Range of motion

ROM data from two of the three studies could be pooled [20,
21]. Cuff and Pupello [19] published ranges instead of stand-
ard deviations, preventing the inclusion of these data. Meta-
analysis revealed no significant difference in forward flexion
between the early-motion and immobilization groups at 6
months (WMD = 5.97,95 % CI = —1.43 to 13.38, P = 0.11,

Study No. of Mean age Classification Surgical technique Rehabilitation protocol Imaging
patients (years) of tear method
Cuff and EM: 33 EM: 63 Full-thickness Transosseous equivalent EM: passive ROM from Ultrasound
Pupello [19] IB: 35 1B: 63.5 and suture bridge POD 1
IB: immobilization for
six weeks
Arndt et al. [20] EM: 49 55.3 Partial- and Single- or double-row EM: passive ROM from CTA
IB: 43 full-thickness POD 1
IB: immobilization for
six weeks
Kim et al. [21] EM: 56 EM: 60.1 Small to medium  Single- or double-row EM: passive ROM from MRI and CT
IB: 49 IB: 60.0 full-thickness or suture bridge POD 1
IB: immobilization for
4-5 weeks

EM early motion group, /B immobilization group, ROM range of motion, POD postoperative day, CTA computed tomography angiography, MRI

magnetic resonance imaging, CT computed tomography
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Fig. 2 Risk of bias (%) across
all included studies

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Random sequence generation (selection bias)

l
I
o

Other bias
% 25% 50% 75%  100%
[ Low risk of bias [Junciear risk of bias B High risk of bias

Early motion Immobilization Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Arndt et al.[20] 33 43 33 39 245% 0.81[0.73,1.12) —
Cuff and Pupello[19] 28 33 32 35 354% 0.83[0.78,1.11] ——
Kim et al.[21] 49 56 40 49 401% 1.07 [0.91, 1.26] T
Total (85% Cl) 132 123 100.0% 0.98 [0.88, 1.09] <&
Total events 110 105
Heterogeneity: Tau®= 0.00; Chi*=2.00, df=2 (P=0.37); F=0% ofs Df? ] 1f5 ﬁ

Test for overall effect: Z=0.42 (P = 0.67)

Fig. 3 Forest plot of tendon healing. Individual studies are listed on
the left, with healing events and number of patients in each study arm.
A visual representation of the risk ratio for each study is plotted on
the right with a diamond. The large diamond at the bottom represents

Early motion Imrnobilization

the pooled treatment effect of all studies. It crosses the midline, repre-
senting no significant difference between the early-motion and immo-
bilization groups

Early motion Immobilization Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI I, Random, 95% ClI
Arndt et al.[20] -16.5 19.94 48 -241 26.07 43 59.6% 7.60[1.99,17.19) T
Kim et al.[21] 5.87 33.33 56 2.3 27.565 49 40.4% 3.57[-8.08,15.22) e
Total (95% Cl) 105 92 100.0% 5.97[-1.43, 13.38] ]‘

Heterogeneity. Tau®= 0.00; Chi*= 0.27, df=1 (P = 0.60); F= 0%
Test for overall effect. Z=1.58 (P=0.11)

Fig. 4 Forest plot of forward flexion at 6 months postoperatively.
Individual studies are listed on the left, with forward flexion (mean
and standard deviation) and number of patients in each study arm.

P =0 %) or 1 year (WMD = 5.79, 95 % CI = —0.55 to
12.12, P = 0.07, I = 0 %) postoperatively. A significant dif-
ference in external rotation favored the early-motion group at
6 months postoperatively (WMD = 8.29, 95 % CI = 2.97-
13.61, P = 0.002, > = 0 %), but no significant difference
was observed at 1 year postoperatively (WMD = 5.62, 95 %
Cl = —2.53to 13.76, P = 0.18, P = 43 %; Figs. 4, 5, 6, 7).

Functional outcome measures

Two studies compared ASES and SST scores from the
immobilization and early-motion groups. Kim et al. [21]
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50 -25 0 25 50
Early motion Immobilization

The pooled treatment effect, represented by the black diamond, dem-
onstrates no significant difference between the early-motion and
immobilization groups

found significant improvements in SST, Constant, and
ASES scores in both groups after arthroscopic rotator cuff
repair, with no significant difference between groups at 6 or
12 months postoperatively. Similarly, Cuff and Pupello [19]
reported no significant difference in SST or ASES scores
between groups at 1 year postoperatively. We could not
pool data for mean differences in functional outcome meas-
ures, as means but not standard deviations were reported
in one article [19]. Arndt et al. [20] reported that the mean
Constant score was slightly higher in the early-motion
group than in the immobilization group at 1 year postopera-
tively (P = 0.045).



Arch Orthop Trauma Surg (2014) 134:1279-1285 1283
Early motion Immobilization Mean Difference Mean Difference
Study or Subgqroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI Y, Random, 85% CI
Arndt et al.[20] -3 12,06 43 -86 22.69 43 69.9% 5.60[1.98,13.18] T
Kim et al.[21)] 15.05 32.228 56 8.83 28.108 49 30.1% 6.22[-5.32,17.76) -1
Total (5% Cl) 105 92 100.0% 5.79[-0.55,12.12] e
Heterogeneity: Tau®= 0.00; Chi*= 0.01, df=1 (P =0.93); F=0% 20 10 0 10 20

Test for overall effect: Z=1.79 (P = 0.07)

Early motion Immobilization

Fig. 5 Forest plot of forward flexion at 1 year postoperatively. The pooled treatment effect, represented by the black diamond, demonstrates no

significant difference between groups

Early motion Immobilization
Study or Subgroup  Mean SD_Total Mean SD_Total
Arndt et al.[20] -4.1 125 43 -129 1732 43
Kim et al.[21)] 9.96 24.608 56 3.02 27.901 49
Total (95% Cl) 105 92

Heterogeneity: Tau®*= 0.00; Chi*= 0.09, df=1 (P = 0.76); = 0%
Test for overall effect: Z= 3.05 (P = 0.002)

Mean Difference Mean Difference

Weight IV, Random, 95% CI IV, Random, 95% CI
72.4%  8.80[2.55,15.05) -
27.6% 6.94[-3.19,17.07) T
100.0%  8.29[2.97, 13.61] <>

-20-10 0 10 20

Early motion Immobilization

Fig. 6 Forest plot of external rotation at 6 months postoperatively. The large diamond at the bottom represents the pooled treatment effect of all
studies. It lies exclusively to the right of the midline, representing a significant difference favoring early motion over immobilization

Mean Difference
IV, Random, 95% CI

Early motion Immobilization Mean Difference
Study or Subgroup  Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI
Arndt et al.[20) -0.3 1286 43 -89 16.48 43 66.0% 8.60[2.50,14.70) -
Kim et al.[21] 11.32 26.688 56 11.49 32.497 43 34.0% -0.17[-11.64,11.30)

Total (95% CI) 105 92
Heterogeneity. Tau*= 16.48; Chi*=1.75, df=1 (P=0.19); = 43%
Test for overall effect: Z=1.35 (P=0.18)

o

-20-10 0 10 20
Early motion Immobilization

100.0% 5.62[-2.53, 13.76]

Fig. 7 Forest plot of external rotation at 1 year postoperatively. The pooled treatment effect, represented by the black diamond, demonstrates no

significant difference between groups

VAS scores

Two articles [20, 21] provided pain data for both groups.
Arndt et al. [20] reported a significant reduction in VAS
pain scores during the follow-up period, with no signifi-
cant difference between groups. Similarly, Kim et al. [21]
reported no significant difference in VAS scores between
groups at 1 year postoperatively.

Discussion

The structural integrity of a repaired cuff critically influ-
ences the clinical outcome of surgical treatment [3-7].
Recurrent tears at the insertion site are common after
repair, occurring in 20-94 % of cases [1, 2]. Because of the
high rate of repair failure, much research has focused on

identifying strategies to improve rotator cuff healing fol-
lowing surgical repair. Bey et al. [14] suggested that early
motion may compromise healing by creating strain. Gimbel
et al. [15] found that shoulder immobilization after rotator
cuff repair improved tendon-to-bone healing, character-
ized by increased organization of collagen, followed by
increased mechanical properties. Thomopoulos et al. [16]
reported superior structural, compositional, and quasilinear
viscoelastic properties in shoulders that were immobilized
after cuff repair than in those that were exercised. However,
in a rabbit model, Li et al. [17] found that continuous pas-
sive motion can enhance type III collagen synthesis at the
tendon—bone interface in the early stage of repair following
acute rupture of the supraspinatus tendon, thereby contrib-
uting to tendon—bone recovery after rotator cuff injury.

To our knowledge, this meta-analysis is the first to
explore the role of rehabilitation in cuff healing. The results
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contradicted our hypothesis that immobilization would
increase tendon healing compared with an early-motion
rehabilitation protocol, as structural outcomes were simi-
lar in the two groups 1 year after the arthroscopic repair
of rotator cuff tears. Despite the use of different methods
to diagnose postoperative tendon healing, no heterogene-
ity was found among the analyzed studies (> = 0 %). We
speculate that rehabilitation is not the sole factor affecting
tendon—bone recovery; the effects of other factors, such as
older age [8], fatty degeneration [9], larger tears [7, 10],
and surgical technique [11-13], may outweigh those of the
rehabilitation protocol.

Postoperative stiffness is another devastating complica-
tion of rotator cuff repair. Its incidence has not been estab-
lished, with reported values ranging 4.9-32.7 % [24, 25].
Efforts to avoid stiffness led to the popularization of early
passive ROM protocols after rotator cuff repair [26-28].
However, several authors have recently reported that immo-
bilization for a certain period after surgical repair did not
lead to postoperative shoulder stiffness [29, 30]. The most
appropriate rehabilitation protocol to maximize the clinical
outcome remains unclear and controversial. In this study,
we demonstrated that subjects in the early-motion group
regained ROM more rapidly, with more external rotation at
6 months and a similar functional outcome compared with
the immobilization group. We speculate that immobiliza-
tion leads to early stiffness due to the formation of fibrotic
scar adhesions in the shoulder.

Limitations

Our literature review revealed that very few RCTs on this
topic have been published. Thus, the main limitation of this
review is the small number of RCTs included, which com-
promised the ability to draw strong conclusions. In addi-
tion, some clinical heterogeneity among trials was detected,
as one study included partial-thickness tears. The strength
of this systematic review is the exclusive analysis of RCTS,
which helped to reduce the systematic error inherent in ret-
rospective and some prospective cohort studies. A meta-
analysis is most persuasive when data from high-quality
RCTs are pooled. Nevertheless, further large-scale, well-
designed RCTs on this topic are needed.

Conclusion

We found no evidence that immobilization after arthroscopic
rotator cuff repair was superior to early-motion rehabilitation
in terms of tendon healing or clinical outcome. Patients in
the early-motion group may recover ROM more rapidly.
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