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Shoulder stiffness and rotator cuff repair
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Introduction: Shoulder stiffness is a frequent complication of surgical repair of
rotator cuff tears. Post-operative stiffness negatively affects surgical outcomes
leading to a substantial comorbidity and to the failure of surgical treatment.
Also, a stiff shoulder could commonly be concomitant with an rotator cuff tear
(RCT).

Sources of data: We performed a comprehensive search of CINAHL, Embase,
Medline and the Cochrane Central Registry of Controlled Trials, from inception
of the database to 31 July 2011. Sixteen articles published in peer-reviewed
journals were included in this comprehensive review.

Areas of controversy: The management of shoulder stiffness is still controversial.
The role of rehabilitation programs (standard versus early passive mobilization)
after RCT repair on the development of stiffness is not clear, while the role of
arthroscopic capsular release for post-operative stiffness is better defined,
although a threshold of decreased the range of movement for which capsular
release is advised has not been identified.

Areas of agreement: Several factors have been identified to predispose the
development of shoulder stiffness. There is also evidence in favor of surgical
management of RCTs even when accompanied by shoulder stiffness, and there
are strong evidences that arthroscopic capsular release is reliable and effective in
managing shoulder stiffness.

Growing points: The post-operative rehabilitation protocol remains

controversial. We are still far from definitive guidelines for the management of

pre- and post-operative stiffness, and prospective double-blinded randomized
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Introduction

Shoulder stiffness is one of the most frequent complication of surgical
repair of the rotator cuff (RC)."* Although its incidence in not estab-
lished, available studies report a rate ranging from 4.9' to 32.7%.’
Post-operative stiffness negatively affects surgical outcomes, and, if un-
treated, leads to substantial morbidity, causing failure of surgical man-
agement. Post-operative stiffness may be related to immobility after
surgery, or to rehabilitation programs which have been too conserva-
tive,”® or to independent risk factors such as diabetes.” Also, a stiff
shoulder could commonly accompany an RC tear. The exact etiology is
still not established, but different factors have been suggested as
possible causes: bursal inflammation, contracture and atrophy of the
muscles as well as pain and weakness related to the injured RC
tendons.” The definition of stiff shoulder is one other controversial
point, and authors have used different definitions (Table 1). Few
studies have reported on the management of pre- and post-operative
shoulder stiffness and, as a consequence, little is known on how to best
manage it. The uncertainty on the etiology of pre-operative shoulder
stiffness accompanying an RC tear does not allow to establish whether
a patient will recover from pain and disability after an RC tear repair;
the role of rehabilitation after an RC tear repair on the development of
stiffness is not clear, while the role of arthroscopic capsular release
appears more certain in managing post-operative stiffness, although a
threshold of decreased range of movement for which capsular release is
advised has not been identified. The uncertainty on the management of

Table 1 Definition of stiff shoulder from different authors

Study Definition of shoulder stiffness

Seo et al.? Restriction of active and passive motions of 100° of elevation or less, <50% of external
rotation when compared with the motion of the contralateral shoulder and internal
rotation only to the sacrum

Parsons Passive forward elevation was <100° and passive external rotation was <30° in the

etal."® operated-on shoulder

Brislin et al.?>  Total passive external rotation with the arm at the side of <10°, total passive external
rotation with the arm in 90° abduction of <30° or total passive forward flexion of
<100°. The diagnosis of stiffness was made only when these motion deficits persisted
for 90 days postoperatively

Tauro?® Total passive ROM deficit (abduction, forward flexion, external rotation and internal
rotation added together): 0-20° = mild stiffness; 25-70° = moderate stiffness and
>70° = severe stiffness

Hsu et al.'® Active and passive limitation of motion of equal to or more than half the normal range
for at least 3 months. The ranges of motion were flexion = 90°, abduction = 90°,
external rotation = 25° and internal rotation = sacral level
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pre- and post-operative shoulder stiffness led us to review in a systemat-
ic fashion the available literature on this issue to determine:

(i) predisposing factors and management of shoulder stiffness concomitant
with an RC tear;

(ii) predisposing factors and management of shoulder stiffness developed
after RC surgical repair;

(iii) the best post-operative management after an RC repair to prevent stiff-
ness development.

Search study and study selection

A literature search was performed using the isolated or combined key-
words ‘RC repair and shoulder stiffness‘, ‘rotator cuff tear and shoul-
der stiffness’ and ‘post-surgical shoulder stiffness and rotator cuff tear’,
with no limit regarding the year of publication.

Pub Med (http:/www.ncbi.nlm.nih.gov/sites/entrez/), Google Scholar
(http:/scholar.google.it/), CINAHL (http:/www.ebscohost.com/cinahl/),
Cochrane Central (http:/www.thecochranelibrary.com/view/0/index.
html) and Embase Biomedical (http:/www.embase.com/) databases
were accessed on 31 July 2011 to search English, Spanish, French,
Portuguese and Italian publications.

At the first electronic search, 574 articles were identified. Two authors
(RP and AG) independently reviewed the text of each abstract. Full-text
versions were obtained to include or exclude the study. The reference lists
of the selected articles were reviewed by hand to identify articles not
identified at the electronic search. All journals were considered and all

Studies excluded as not relevant
because they were biomechanical
reports, studies on animals, cadavers’
studies, in vitro studies, case reports,
» literature reviews, technical notes,
letters to editors, and instructional
course (n=431).

Studies identified as potentially
relevant and screened for retrieval
(n=574)

Studies retrieved for more detailed
evaluation (n=143)

Studies excluded from analysis because they
were reporting on more the one cause of shoulder
stiffness without differentiating the results by

»| etiology (n=127)

r

Appropriate studies to be included
in the systematic review (n=16; 1
prospective and 15 retrospectives)

Fig. 1 A flow chart illustrating articles selection process.
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relevant articles were retrieved. Studies focusing on the clinical status of
patients who had pre- or post-operative shoulder stiffness relative to RC
disorders were selected. Biomechanical reports, studies on animals, cada-
vers, in vitro, case reports, literature reviews, technical notes, letters to
editors and instructional course were also excluded. One hundred and
forty-three articles investigating shoulder stiffness concomitant with an
RC repair or arising post-operatively, or concerning post-operative
rehabilitation program to prevent shoulder stiffness after RC repair, and,
finally, on the predisposing factors for shoulder stiffness were found. To
avoid bias, all these articles were reviewed and discussed by all the
authors: 127 articles were excluded because they did not report clinical
data or they were reporting on more the one cause of shoulder stiffness
without differentiating the results by etiology. Eventually, 16 publications
relevant to the topic at hand were included (Fig. 1).

Quality assessment

Results

Two investigators (RP and AG) separately evaluated each article using
the Coleman methodology score (CMS), a 10 criteria validated scoring
system® assessing the methodological quality of each study, with a final
score ranging from 0 to 100. An investigation scoring 100 would repre-
sent a perfect study design with no influence of chance, various biase,
and confounding factors. The two investigators discussed scores where
more than a two-point difference was evident, until consensus was
reached. Additionally, data on gender, age, type of surgery, comorbid-
ities and complications, and scores were assessed.

We evaluated 16 studies (1 prospective’ and 15 retrospective' =3>710=20

studies).

Pre-operative features

The mean age of patients was 58 + 6.5 years, ranging from 18' to
86 years."”

Study size and follow-up

A total of 1940 patients who suffering from shoulder stiffness were
involved. From the available data of 14 studies, the mean follow-up of
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Year of publication

Subject selection

Surgical description

Outcome measures

those patients was 21.3 months (range from 3% to 48'%). The average
modified CMS was 59.5 (range: 37'7-73%9).

There was no evidence of a statistically significant association between
the year of publication and CMS data (R: 0.04), and more recently
published investigations did not score better than older studies.

A sufficiently detailed description of the patient’s selection criteria was
reported in 5 of the 16 (31.2%)>>'%'118 studies.

and post-operative rehabilitation

The description of the surgical technique was adequately given in all
studies but 2 studies'”?” and 12 of 16 studies reported exhaustively
(10/10 at the Coleman Score) on post-operative rehabilitation' =271~
14,16=18.20 T the other four studies, the description of the rehabilita-
tion program was incomplete or not reported®”'%1?,

The scores used to collect the outcome measures are reported in Table 2.
The most frequently used tests are the Constant and Murley score, the

Table 2 Scores used to assess outcomes

Study Score

Beaufils et al."® Constant and ROM

Nicholson'” VAS, ASES, simple shoulder test and ROM
Gerber et al."? constant, ROM and subjective shoulder value
Elhassan et al." Constant and ROM and subjective shoulder value
Holloway et al."? ASES and ROM

Huberty et al. UCLA, VAS and ROM

Oh et al.® ROM, VAS, ASES, Constant, SST and SF-36
Mormino et al."® ROM and UCLA

Namdari and Green’ ROM, DASH, SST and VAS

Parsons et al."® ASES, ROM and Constant

Seo et al.? ROM

Hsu et al."® Constant and ROM

Tauro?® ROM and UCLA

Trenerry® ROM and shoulder service questionnaire

VAS, visual analogue scale; SST, simple shoulder test; SF-36, short form (36) health survey.
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Outcome data

University of California, Los Angeles (UCLA) and the American shoul-
der and elbow surgeons (ASES). Six studies'®~'#'*!%17 ysed the
Constant and Murley score; the UCLA was used by three studies''®*%;
the ASES score was administered by four studies'®'”~'?; range of

motion values were recorded by all the studies.

Of the 16 articles concerning shoulder stiffness related to RC tears,
four®>'*182% focused on shoulder stiffness concomitant with an RC
tear; five"">”>”'% on the stiffness arising after RC repair; five'®~'!”
reporting on the influence that the etiology of stiffness has on the out-
comes of arthroscopic capsular release and two'>'” on the post-
operative management of RC repair to prevent stiffness.

Predisposing factors and management of shoulder stiffness concomitant with RC tear

The intrinsic features of an RC tear, such as type (full thickness,
partial thickness bursal sided) and direction of the tear (postero-
superior) and the presence of trauma are significantly associated with a
higher risk of stiffness development concomitant with an RC tear,’
with a possible role for diabetes and bursal inflammation.?® There
appears to be no evidence of an association between stiffness develop-
ment and gender, age, size and retraction of the tear and associated
pathologies.'® Oh et al.'® proposed to address moderate pre-operative
stiffness accompanying RC tears with arthroscopic capsular release and
manipulation added to RC repair. Comparing the outcomes of these
patients with the ones from non-stiff patients undergoing an RC repair
alone, range of motion values did not reach statistical significance until
6 months after the operation. Hsu et al.'"* performed manipulation,
lysis of adhesions, acromioplasty and repair of RC in patients with
shoulder stiffness concomitant with an RC tear. Statistically significant
improvements were recorded between pre- and post-operative Constant
and Murley score values, but this study lacks for the control group. In
the only study stratifying stiff patients according to the total range of
motion deficit,”” patients underwent RC repair alone. Three of the six
patients with more severe total range of motion deficit (>70°) did not
gain in terms of pain reliefs and range of motion improvement, subse-
quently needing arthroscopic capsular release. These three patients
showed arthroscopic evidence of adhesive capsulitis. The author con-
cluded that, while a mild-to-moderate stiffness (the total range of
motion deficit <70°) associated with an RC tear generally recovers
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when the RC is repaired, patients with severe stiffness (i.e. the total
range of motion deficit >70°) should be assumed to have developed
adhesive capsulitis, and therefore have low possibility to recover after
RC repair alone, and conservative management until the inflammatory
phase has concluded should be implemented.

Predisposing factors and management of shoulder stiffness developed after RC surgical

repair

Many factors predisposing to post-surgical stiffness development have
been identified (Table 3). In patients with shoulder stiffness secondary
to surgical RC tendon tear repair, arthroscopic capsular release
should be considered. Shoulder pain and range of movement
improved in all but one study'® after arthroscopic release of capsular
adhesions"''7'*!7. Comparing different etiologies of shoulder stiff-
ness, lower improvements are achieved in patients with post-operative
than in those with post-traumatic or idiopathic stiffness'®-'""?
(Table 4). However,” 23 of 24 stiff patients resumed through conser-
vative measure (physical therapy in 21 patients, and physical therapy
associated with steroid injection in 3 patients).”

Post-operative management after RC repair

Post-operative rehabilitation after RC repair is still controversial. Given
: . 15,19 .
the currently available studies,”>"” both standard conservative

Table 3 Factors associated with a higher risk of stiffness development

Author Factors
Namdari and Limited pre-operative active forward elevation, active external rotation and passive
Green’ internal rotation

Diabetes

Open repair

Size of tear

Duration of symptoms
Subscapularis tear
Biceps tear
Workman’s compensation
Dominant extremity
Trenerry® Preoperative hand behind back motion restriction
Huberty et al. Calcific tendinitis
Adhesive capsulitis
Single-tendon cuff repair
PASTA repair
Being <50 years of age
Workers’ compensation insurance

PASTA, partial thickness articular-surface tendon avulsion.
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Discussion

Table 4 Outcome of arthroscopic capsular release in patient suffering from postoperative
shoulder stiffness

Author Outcome of arthroscopic capsular release

Beaufils et al.'® Average Constant’s score: 66.4 (range, 39-95) in the postinjury/postsurgery group.
Pain: from 7.6 pre-operatively to 8.9 post-operatively. Range of motion improvement:
from 15.8 pre-operatively to 30.6 post-operatively

Elhassan Pain: from 7.4 (4-10) pre-operatively to 1.5 (0—7) post-operatively. The subjective

etal."! shoulder value: from 32 (20-70) pre-operatively to 69 (25-90) post-operatively.
Constant'’s score: from 36 (17-54) pre-operatively to 81 (34-100) post-operatively.
Forward flexion: from 94 (30-110) to 128 (80—-160) post-operatively. External rotation:
from 11 (20-25) to 39 (0-70) post-operatively. Internal rotation: from Sacrum
pre-operatively to L1 post-operatively

Holloway Average preoperatively modified American shoulder and elbow surgeons: 39 + 17.

etal."? Average postoperatively modified American shoulder and elbow surgeons: 57 + 20
Change in forward flexion (°): 26 + 21
Change in external rotation (°): 29 4+ 19
Change in external rotation (°): 31 + 25
Change in internal rotation (°): 23 + 20

Huberty et al.!  Visual analog pain values range from 0 to 3 (median, 1). UCLA scores range from 28 to
35 (median, 33) and all patients were satisfied with the result of their procedures

Gerber et al.'”>  The subjective shoulder value approximately doubled from 33 to 68% and the relative
Constant—Murley score increased from 48 to 76%.

Mormino Pre-release and post-release UCLA scores averaged 14.8 and 30.1, respectively. Pre- and

etal.’® post-release UCLA pain scores averaged 2.6 and 7.7, respectively. Pre- and post-release
range of motion: flexion, 141/158; abduction, 123/141; internal rotation, 47/69 and
external rotation, 53/74.

rehabilitation program with sling immobilization and early passive
motion exercises do not lead to stiffness development. Although shoul-
der stiffness may arise after using sling immobilization for 6 weeks,
this is transient, and patients recover motion fully without any special
treatment.'” A rehabilitation program with early closed chain overhead
stretches (table slides) potentially does not increase the risk for RC
re-tear, and may be effective in patients with one or more predisposing
factors to stiffness development.'’

Rotator cuff disorders are a common cause of shoulder pain and dys-
function, with a frequency of RC tear ranging from 5 to 39% depend-
ing on the study.”'~*° While operative management of RC tears is well
defined, a lower interest has been given to the complications of surgical
repair. One of the most frequent post-surgical complication is shoulder
stiffness.” Stiffness may be related to post-operative immobilization,
low compliance of the patient with physical therapy®® or associated
shoulder osteoarthritis.?” Based on a different etiopathogenesis, shoul-
der stiffness may be concomitant with RC tears. Because of the
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persistent uncertainties in the management of pre- and post-operative
shoulder stiffness, we systematically reviewed 16 articles on this issue,
and assessed their quality using the CMS.® The average CMS was 59.5,
showing a general low methodological quality of the studies examined.
Although each study used reliable and validated shoulder rating
systems, the large heterogeneity of the clinical scores employed and the
small number of prospective studies do not allow a meaningful statistic-
al analysis.

We identified three aims in our systematic analysis of the literature.
The first was to assess the predisposing factors and the current manage-
ment of shoulder stiffness concomitant with an RC tear. Predisposing
factors are still controversial, especially the role of systemic diseases
such as diabetes have not been established unanimously. No study
reported contraindications to surgical repair of RC tears when pre-
operative shoulder stiffness is concomitant. The management varies
from isolated repair to repair associated with manipulation under anes-
thesia, capsular release and acromioplasty. Two studies'*'® addressed
pre-operative shoulder stiffness, although they did not define the degree
of stiffness, with manipulation under anesthesia and arthroscopic
capsular release associated with arthroscopic RC repair. The authors
stated that this management regimen is effective in restoring shoulder
mobility. One study outlined that repair of an RC tear associated with
mild-to-moderate stiffness is likely to improve shoulder function, while
more severe pre-operative stiffness should be managed with RC repair
associated with capsular release.”’

The second aim was to assess the predisposing factors and the
current management of stiffness secondary to RC repair. Namdari and
Green’ outlined that many factors could influence the development of
shoulder stiffness, however at 1 year after surgery only 3 of the 47
patients considered ‘stiff’ necessitated arthroscopic capsular release,
while the others recovered spontaneously. Trenerry’ sustained the pre-
dictive role for restriction of the range of motion for the pre-operative
hand behind the back, and showed that the highest range of motion
limitation occurs at 6 weeks after the index procedure, while shoulder
stiffness generally recovers during the 76 weeks. Huberty et al.'
reported that factors intrinsic to the RC tendons and external factors
such as age, worker’s compensation and single-tendon cuff repair in-
crease the risk for stiffness development. Twenty-four of 489 patients
who were considered ‘stiff’ underwent arthroscopic capsular release
resulting in normal motion in all cases. Although conservative manage-
ment is possible through manipulation under anesthesia,”®*’ some
authors consider it unhelpful for post-operative stiffness probably
because of extra-articular in addition to the capsular adhesions.>’~%*
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Each one of the studies by Beaufils et al.'®, Elhassan et al.'' and
Holloway et al.'®'"'? reported the outcomes after arthroscopic
capsular release for different etiologies of shoulder stiffness: idiopathic,
post-traumatic and post-surgical. Comparing the outcomes in the three
different groups, each study reported poorer results for post-surgical
etiology. Gerber et al.'? found the poorest results in patients with
post-traumatic stiffness, although the differences were not statistically
significant. Huberty et al.' focused both on identifying possible predis-
posing factors and on reporting the outcomes of arthroscopic capsular
release. Of 24 patients, 22 were available for the follow-up and all
were satisfied. Mormino et al.'® proposed an etiological explanation in
post-surgical limitation, especially in true abduction. The authors
suggested that the development of subdeltoid adhesions lead to an
alteration in the gleno-humeral biomechanics, preventing the normal
rolling movement and the concomitant deltoid tenodesis limits the
effectiveness of this muscle. However, after adequate release of these
adhesions, the normal shoulder function was restored.

The last aim of the present investigation was to describe the evidence
around the rehabilitation programs implemented after RC arthroscopic
repair. Unfortunately, the current available studies are few, and no
definitive evidences can be established. Parsons et al.'” found that the
standard conservative protocol with sling immobilization for the first 6
weeks post-operatively does not lead to increased long-term stiffness.
The authors suggest that the strength of this rehabilitation program is
to improve the rate of tendon healing. Koo et al."> proposed a modified
rehabilitation protocol that added early overhead closed-chain passive
motion exercises to the standard protocol for patients with at least one
predisposing factor, based on the risk factors identified from Huberty
et al." for development of shoulder stiffness. Of the 79 patients positive
for at least one risk factor, none developed shoulder stiffness. In this
way, the authors lowered the rate of stiffness development from 7.8%
of the control group (patients from the study by Huberty et al.) to 0%.
Despite the risk of impaired tendon healing from early mobilization,
no patients reported re-tear after undertaking rehabilitation. For this
reason, the authors suggest to adopt it only for patients who suffer at
list from one risk factor.

Likely, the main issue in the studies examined is the lack of a unani-
mous definition of shoulder stiffness. The limitation in shoulder move-
ment should be used to define shoulder stiffness and a threshold of the
deficit in the range of movement should be established as a total range
of movement deficit and as a deficit in the range of motion of each
plane. No strong evidences emerged from our systematic review of the
literature, as a consequence we are still far from definitive guidelines
for the management of pre- and post-operative stiffness, and more
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