
331Review Article

Rotator Cuff Lesions with Shoulder Stiffness:
Updated Pathomechanisms and Management

Jih-Yang Ko, MD; Feng-Sheng Wang1, PhD

Few previous studies have investigated the pathomech-
anism and managements of rotator cuff lesions with shoulder
stiffness. Based on observations by Codman in 1934, frozen
shoulder presumably relates to rotator cuff tendenitis. In the
past six decades, tended to discriminate primary frozen shoul-
der from secondary shoulder stiffness due to shoulder disor-
ders such as rotator cuff lesions or trauma. Intrinsic degenera-
tion and outlet acromial spur impingement are reported as
pathogenic causes of rotator cuff lesion. Although patients
with rotator cuff lesions with shoulder stiffness or adhesive
capsulitis (frozen shoulder) may have similar complaints
about pain and motion limitation, the pathological reactions in
these disorders remain unclear. In our investigation of clinical
vignettes of shoulder stiffness, inflammation-mediated adhe-
sions in the subacromial bursa in rotator cuff lesions, and
changes in inflammatory cytokine levels have been linked to myofibroblast recruitment in
the subacromial bursa. Our study provides the first indication that increased interleukin -1β
expression and myofibroblast recruitment in the subacromial bursa are correlated with rota-
tor cuff lesions with shoulder stiffness. Increased inflammatory cytokine concentrations in
the lesions also provide new molecular insight into the pathological role of the subacromial
bursa in the development of shoulder stiffness in rotator cuff lesions. Although rotator cuff
repair is a shoulder-tightening procedure and is not recommended until resolution of the
shoulder stiffness in rotator cuff lesions with stiff shoulder, our clinical evidence-based sur-
vey suggests that a combined procedure of manipulation, lysis of adhesions, acromioplasty,
and rotator cuff repair is a useful procedure if the symptoms do not improve 3 months of
aggressive rehabilitation. (Chang Gung Med J 2011;34:331-40)
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In 1934, Codman reported a disorder of muscle
spasm and stiffness of the glenohumeral joint and

coined the term “frozen shoulder”.(1) The report men-
tions that this disorder is “difficult to define, treat
and explain from the view of pathology”. The symp-

toms are presumably related to tendinitis of the rota-
tor cuff. Codman’s report is probably the first obser-
vation combining rotator cuff lesions with shoulder
stiffness. Other groups interpretated frozen shoulder
as an idiopathic global limitation of humeroscapular
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motion resulting from contracture and loss of com-
pliance of the glenohumeral joint capsule.(2)

Secondary shoulder stiffness is defined as either a
known intrinsic or extrinsic precursor that causes
shoulder pain and dysfunction and ultimately leads
to global stiffness.

Rotator cuff lesions are one of the most com-
mon shoulder joint disorders. Symptoms include
pain, limited motion, weakness, and functional dis-
ability. Although nonsurgical or surgical treatment
leads to satisfactory results in the majority of rotator
cuff lesions,(3-5) few studies have discussed the patho-
genic mechanisms and management of rotator cuff
tears associated with secondary shoulder stiffness.(6)

In this review, we surveyed the pathomechanism of
rotator cuff lesions with shoulder stiffness and
offered an emerging modality concept for the treat-
ment of these combined disorders.

Clinical course of shoulder stiffness
The available literature implicating the clinical

course of rotator cuff lesion with shoulder stiffness is
scarce. We interpret the progression of frozen shoul-
der to imply rotator cuff lesions with shoulder stiff-
ness. Frozen shoulder usually undergoes three phas-
es, freezing, a frozen state, and then thawing.
However, secondary shoulder stiffness usually lasts
longer if the underlying disease does not improve.

Painful phase: “freezing”

The freezing phase begins when a patient initial-
ly notices aching pain, which often begins at night
and persists during the day.(7,8) Lying on or turning
onto the affected shoulder often disturbs sleep. This
phase reportedly persists between 2 and 9 months.(9)

Progressive stiffness phase: A “frozen” state

The phase of progressive stiffness lasts between
3 and 12 months, and ultimately results in a classic
frozen shoulder.(1,9) Stiffness may progress to an
extent that shoulder motion becomes limited in all
directions. Pain is usually less than in the initial
freezing phase and is often much more focused.

Resolution phase: “thawing”

This stage is characterized by slow gains in
motion and comfort, and can be as short as 4 weeks,
especially with aggressive operative treatment.
However, for patients treated nonoperatively, the

shoulder motion slowly improves over 12 to 42
months. Some authors report a significant number of
patients with persistent symptoms lasting for as long
as 6 to 10 years.(10,11) With or without aggressive treat-
ment, the patient’s symptoms usually resolve, but
often motion restrictions persist.(12) Patients who have
rotator cuff lesions and shoulder stiffness may dis-
play a pattern of restricted asymmetric range of for-
ward elevation, internal rotation, and cross-body
adduction, which may not be resolved in the pres-
ence of rotator cuff lesions.(2,13)

Etiology of shoulder stiffness
Data on predisposing factors in patients with

secondary shoulder stiffness are scarce. From our
clinical investigation, we assume primary and sec-
ondary shoulder stiffness may have similar etiologi-
cal causes.

Age: The bulk of adults who present with a stiff
shoulder of either primary or secondary origin are
generally between 40 and 60 years old.(2,8) In our
study, the diabetic patients who underwent concomi-
tant treatment for rotator cuff tears and shoulder stiff-
ness were older than the non-diabetic patients.(14)

Injuries: Shoulder stiffness is associated with a
minor traumatic incident contemporary with the
onset of symptoms in most patients. This may also
imply that inflammatory reactions coincide with the
development of shoulder stiffness.

Diabetes Mellitus: Patients with diabetes melli-
tus have an increased risk of developing limited joint
motion, including shoulder and joint disorders.(7,15)

The incidence of frozen shoulder among diabetics
averages approximately 10 to 20% but may be as
high as 35%. Pathomechanically, high circulating
glucose levels may accelerate aging of certain pro-
teins by forming and accumulating irreversible cross-
links between adjacent protein molecules.(16,17)

Shoulder stiffness reportedly antedates diabetic
symptoms.(18) The longer a patient has been receiving
insulin, the higher the risk of developing shoulder
stiffness, and the greater the resistance to all treat-
ment modalities.(19-21) Because of the refractory nature
of shoulder stiffness in insulin-dependent diabetes,
early intervention has been suggested to prevent pro-
gressive disability.(20-22) Indeed, the only one patient
who needed arthroscopic capsular release after con-
comitant treatment for rotator cuff tears and shoulder
stiffness had insulin-dependent diabetes.(14)
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Cardiac Disease: For many years, clinicians
have been keen to associate coronary artery disease
with shoulder stiffness. Ernstene and Kinell reviewed
133 consecutive cases of myocardial infarction, and
found 17 patients whose original presenting symp-
tom was unrelenting pain in the shoulder region.(23)

Therefore, a good cardiac examination is justified to
rule out an unrecognized coronary artery disorder.

Pulmonary Disorders: Frozen shoulder report-
edly occurs more frequently in patients afflicted with
emphysema and chronic bronchitis.(24) Whether the
severity or the duration of pulmonary disorders cor-
relates with shoulder stiffness requires further verifi-
cation.

Neurological Conditions: Riley et al. reported
a 13% incidence of frozen shoulder in patients with
Parkinson’s disease but only a 1.7% rate in age-
matched controls.(25) Other groups mentioned a 25%
incidence of frozen shoulder in patients who had
subarachnoid hemorrhage.(26)

Imaging of rotator cuff lesions with shoulder
stiffness

Plain radiographs are needed to rule out abnor-
malities in the bone (e.g., tumors) or in the local soft
tissues (e.g., calcific deposits or heterotopic ossifica-
tion). A hooked-shape acromion, or spurs on the
acromion or acromio-clavicular joints may be visible
in patients with rotator cuff tears. In shoulder stiff-
ness, a bone scan is useful to rule out a neoplastic
disorder or autonomic dystrophy; however, it has not
proved useful in the diagnosis, management, or prog-
nosis of a frozen shoulder.(7) Proponents of arthrogra-
phy claim it is useful in standardizing the classifica-
tion and selecting patients for clinical research.(27,28)

However, no correlation between arthrographic find-
ings and treatment outcome has been found.(29)

Magnetic resonance imaging (MRI), arthrography or
sonography, affords the clinical advantage of identi-
fying partial or complete rotator cuff tears in patients
who present with shoulder stiffness.

Arthroscopy for Rotator Cuff Lesions with
Stiffness: Reported arthroscopic findings immediate-
ly after a successful manipulative release included
intra-articular hemarthroses, avulsion of the inferior
capsule adjacent to the labrum, tears in the rotator
interval capsule with occasional labral avulsions, and
capsular tears anterosuperiorly or anteroinferior-
ly.(7,22,30,31) Arthroscopy has been used in shoulder stiff-

ness to (1) evaluate pathologic changes to the gleno-
humeral joint and subacromial space, (2) recognize
problems associated with shoulder stiffness (e.g., a
tendon or labral tear), (3) determine the local effects
of closed manipulation, and (4) surgically address
pathologic lesions when indicated.

Pathogenesis of rotator cuff lesions
Intrinsic degeneration and outlet acromial spur

impingement are reportedly prominent pathological
reactions in rotator cuff lesions.(32,33) However, surgi-
cal procedures for this type of shoulder disorder vary
with different pathological viewpoints. For example,
if the rotator cuff lesions are attributable to extrinsic
impingement, adequate acromial decompression
becomes an important part of the surgical procedure.
If the lesions are mainly related to intrinsic degenera-
tion, factors that aggravate the degenerative process
should be avoided and modalities for protecting the
cuff from progressive degeneration are recommend-
ed when treating the lesions.

Most cases of complete tears of the rotator cuff
are mainly complicated by partial tears in the lesions.
We prospectively reported the etiology of rotator cuff
lesions and demonstrated the pathologic changes in
the acromion and rotator cuff and the surgical results
of patients with partial tears of the rotator cuff.(34) The
degenerative grade of the rotator cuff on MRI was
based on the criteria of Zlatkin and Iannotti et al.(35)

The pathology of the anterior acromion was graded
from a modified system by Ozaki et al(32) and Panni et
al (Fig. 1).(36)

MRI of the rotator cuff has shown more severe
pathologic changes in articular side tears than bursal
side tears. On the contrary, bursal side tears have
more severe histological changes in the acromion.
The clinical vignettes indicate that articular side tears
of the rotator cuff mainly associate with intrinsic
degenerative changes, whereas bursal side tears are
mainly caused by subacromial impingement on the
underlying more mildly degenerated rotator cuff.
Therefore, management of both extrinsic subacromi-
al impingement and intrinsic degeneration of the
rotator cuff is recommended in the treatment of rota-
tor cuff lesions.

Pathomechanism of shoulder stiffness
The early term for “freezing” of a frozen shoul-

der in the interface of the rotator cuff and subacromi-
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al space was “periarthritis”.(1) However, very few
reports supported the involvement of this anatomical
interface in the development of frozen shoulder or
shoulder stiffness at that time. Most pathomechanical
studies have focused on the development of primary
frozen shoulder.(7,37-45) Lundberg found increased col-
lagen deposits in the joint capsule and further pro-
posed inflammation as an important reaction leading
to stiffness, pain, and capsular fibrosis.(46) Some
investigators associated the fibrotic changes in the
glenohumeral capsule to Dupuytren’s contracture in
the palm, and mentioned the presence of an inflam-
matory component in the synovial and subsynovial
layers, but absence of this component in the shoulder
capsule.(37,40,47) Bunker and Anthony reported active
fibroblastic proliferation in association with myofi-
broblasts in the coracohumeral ligament and rotator
interval in patients with frozen shoulder. (37)

Transforming growth factor -β, platelet-derived
growth factor, and hepatocyte growth factor are
detectable in the early inflammatory stages of prima-
ry and secondary shoulder stiffness.(43)

Although patients with adhesive capsulitis
(frozen shoulder) or rotator cuff lesions with shoul-
der stiffness have similar complaints of pain and

motion limitation, the pathologic reactions among
these disorders remain unclear. During surgery, the
release of a contracted rotator interval and coraco-
humeral ligament increases external rotation of the
shoulder and excision of the adhesive subacromial
bursa and lysis of the subacromial adhesions pro-
motes shoulder motion.(7) Adhesions are more severe
in the subacromial space than in the glenohumeral
joint (Fig. 2). These intraoperative findings suggest
that adhesions in the subacromial bursa are a potent
cause of rotator cuff lesions with shoulder stiffness.
It is rational to propose that shoulder stiffness is
related to inflammation-induced adhesions in the
subacromial bursa in these lesions. Moreover,
changes in inflammatory cytokine levels are presum-
ably linked to myofibroblast recruitment in the sub-
acromial bursa.

We enrolled patients who underwent surgery for
rotator cuff tears with and without shoulder stiffness.
The surgical indications included MRI findings of a
complete rotator cuff tear and shoulder stiffness for
more than 3 months despite supervised physical ther-
apy. The criteria for shoulder stiffness were loss of
passive range of motion (ROM) ≥ 50% with normal
ROM considered to be 180° forward flexion, 180°

A B C
Fig. 1 Light micrographs of the anterior acromion showing different pathologic gradings for rotator cuff lesions. (A) Normal histo-
logic features (grade 0) on the lateral side of the acromion (L) and a grade 1 degenerative pattern on the acromioclavicular joint side
of the acromion (AC) are shown. The histologic features of the anterior acromion are well observed. O: osseous; T: tidemark; FC:
fibrocartilaginous; C: collagenous; S: synovial layers (hematoxylin and eosin; original magnification 100x). (B) Grade 2 pathology
shows a moderate degenerative pattern in the acromion (hematoxylin and eosin; magnification 100x). (C) A light micrograph of the
anterior acromion shows a severe grade 3 degenerative pattern (hematoxylin and eosin; original magnification 100x).
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abduction, 90° external rotation, and 90° internal
rotation. Preoperative ROM deficits were added
together to determine the sum of the ROM deficit
(SROMD). Patients were defined as having shoulder
stiffness if the SROMD ≥ 270°.(48)

During the operation, shoulder stiffness was
confirmed under anesthesia. After acromioplasty,
obvious adhesions were noted between the acromion,
deltoid, and rotator cuff. We also detected interleukin
(IL)-1β, IL-6, and tumor necrosis factor (TNF)-α
levels and myofibroblast apoptosis in the subacromi-
al bursa and subacromial fluid in patients with rota-
tor cuff tears with and without shoulder stiffness. We
found that patients with shoulder stiffness had
increased IL-1β expression in the lesion tissue, in
association with increased joint fluid IL-1β, IL-6 and
TNF-α concentrations. Increased subacromal bursa
and joint fluid IL-1β expression correlated with a
preoperative deficit in shoulder motion and preopera-
tive Constant scores. Patients with shoulder stiffness
had increased myofibroblasts, however, those with-
out shoulder stiffness had decreased myofibroblasts
but increased apoptotic myofibroblasts in the sub-
acromial synovium of the rotator cuff (Fig. 3). We
provided the first cellular and molecular indications
that an increased IL-1β level and myofibroblast
recruitment in the subacromial bursa at least partly
contribute to rotator cuff lesion with shoulder stiff-

ness. Moreover, we also provided new insight into
the pathological role of the subacromial bursa in the
development of shoulder stiffness in rotator cuff
lesions.(48)

Primary frozen shoulder and secondary shoul-
der stiffness in rotator cuff lesions may share
similar mechanisms

The definition of primary frozen shoulder is a
global limitation of the shoulder joint without
causative etiology. Although most authors tend to
differentiate rotator cuff lesions with shoulder stiff-
ness from primary frozen shoulder, some authors link
rotator cuff lesions to painful stiffness of the shoul-
der.(1,7,41) Advanced imaging technology and molecu-
lar biology have shown that some patients with pri-
mary frozen shoulder presumably have trivial
changes in the tissues around the shoulder joint.

Our novel findings revealed the pathological
role of proinflammatory cytokines and myofibrob-
lasts in rotator cuff lesion with shoulder stiffness.
Other groups reported similar findings in the lesion
tissue of primary frozen shoulder.(37,38,43) We concede
that these different types of shoulder disorders may
share similar pathological mechanisms. Our in-depth
analytic results alternatively disclosed the mysteries
of primary frozen shoulder.

A B

Fig. 2 Differential arthroscopic findings in the subacromial space and glenohumeral joint in a patient with rotator cuff lesion and
shoulder stiffness. (A) Severe inflammation and adhesions in the subacromial space are noted during surgery. (B) Less severe
inflammatory and adhesive changes are noted in the glenohumeral joint compared with the subacromial space in the same patient.
The adhesive changes mainly involve the synovium instead of the humeral head or glenoid cavity.
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Treatment
There are few reports on the management of

rotator cuff tears with shoulder stiffness. Some
authors suggest that in patients with rotator cuff tears
with secondary shoulder stiffness, the shoulder stiff-
ness should be treated initially because a rotator cuff
repair is a “shoulder-tightening” procedure and
might increase stiffness postoperatively.(6,7)

The choice of treatment for shoulder stiffness
should be tailored according to the duration and
severity of symptoms. There are six treatment
modalities(7) including (1) supportive treatment, such
as immobilization, heat, ice, ultrasound, massage,
and others, (2) medications given orally, topically, or
parenterally (local and intra-articular), such as nons-
teroid anti-inflammatory agents, analgesics, nar-
cotics, corticosteroids, and hyaluronates, (3) stretch-
ing exercises or traction, (4) injections of fluid,
arthrographic dye, or medication for joint distention
to release capsular contracture, (5) manipulative ther-
apy with or without anesthesia to release adhesions
or contracted structures, and (6) surgical release of
adhesions by open or arthroscopic surgery.

Surgical release should be considered only after
failed nonoperative treatment. Contraindications for
surgical release include significant depression, auto-
nomic dystrophy. In addition, arthroscopic capsular
release is absolutely contraindicated in patients who

cannot tolerate the surgical stress of a fluid challenge
(e.g. renal or cardiac failure). The major advantage
of an open surgical release is the opportunity to safe-
ly handle and visualize adhesions outside the joint.
When rotating the upper extremity and palpating
between tissue planes, it becomes easier to identify
tight bands that restrict motion. The main advantages
of arthroscopic release include (1) an accurate
release of the contracted capsular structures, (2)
increased mobility of musculotendinous units with-
out compromising their integrity, and (3) ability to
identify other intrinsic pathology that may have initi-
ated or contributed to the shoulder stiffness.(7,22,30,31)

Although it was previously suggested that
shoulder stiffness be managed before rotatior cuff
repair, patients usually need to wait a significant
length of time for improvement of shoulder motion
before rotator cuff tears can be repaired. In addition,
shoulder stiffness may not be relieved, especially in
the presence of rotator cuff lesions. This is a chal-
lenging task for orthopedic doctors with patients who
have rotator cuff tears and shoulder stiffness. Tauro
reported the surgical results of arthroscopic cuff
repair without release for rotator cuff tears and stiff-
ness,(49) and found that patients with severe shoulder
stiffness might not do well with cuff repair alone.
Combined cuff repair and capsular release was rec-
ommended for these patients. Many reports mention

Figs. 3 Representative immunofluorescence photographs of α-SM and TUNEL staining of the subacromial bursa from patients
with and without shoulder stiffness. Cells with α-SM staining display red fluorescence in the periphery and cytoplasm. Apoptotic
cells express positive TUNEL staining with green fluorescence in the nucleus. (A) In patients with shoulder stiffness, intensive
fibroblastic cells with α-SM expression are seen in the subacromial tissue. A few α-SM stained cells coexpress TUNEL. (B) In
patients without stiffness, few cells express α-SM immunostaining. Those cells codisplay evident TUNEL expression. Specimens
were counterstained by DAPI with blue fluorescence (Original magnifciation 200x).
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that moderate preoperative shoulder stiffness does
not alter the clinical outcome of rotator cuff repair
with arthroscopc release and manipulation.(50,51) Based
on analysis of our results of increased inflammatory
cytokine and myofibroblast apoptosis in the subacro-
mial bursa, we recommend that subacromial debride-
ment and lysis of adhesions be performed meticu-
lously in the concomitant treatment of rotator cuff
tear and shoulder stiffness.(48)

Forty-eight patients with shoulder stiffness (52
shoulders) underwent treatment for rotator cuff tears
and associated shoulder stiffness concomitantly.(22)

We performed a combined procedure of manipula-
tion, lysis and debridement of adhesions, anterior
acromioplasty, and repair of the rotator cuff. Forty-
three patients (47 shoulders) were available for fol-
low-up for a minimum of two years. Ten of these
patients (11 shoulders) had diabetes mellitus.
Twenty-seven shoulders displayed partial tears of the
rotator cuff, 15 shoulders displayed complete tears
and 5 shoulders showed massive tears. Postoperative
pain control included patient-controlled analgesia,
intramuscular opioid injections and non-steroidal
anti-inflammatory medication. Pendulous exercise
and passive elevation were started on the second
postoperative day followed by active-assisted exer-
cises including elevation, external rotation and inter-
nal rotation 3 to 4 days postoperatively. Active exer-
cise was started when the patient could tolerate it,
usually 7-10 days after surgery. For patients with
massive rotator cuff tearing, the shoulder was immo-
bilized in a Velpeau bandage for 3 days. Pendulous
exercise and passive elevation were started 3-4 days
postoperatively, followed by active-assisted exercises
10 days later. After a postoperative follow-up of 48.6

18.0 months, each patient showed significant
improvement in subjective, objective, and strength
scoring as well as in the total Constant score.
Comparison of the scores among the three types of
rotator cuff tears revealed that our modalities signifi-
cantly improved the total function score. Moreover,
patients with partial tears of the rotator cuff had sig-
nificantly better scores than did those with complete
tears or large tears.

Based on the clinical investigation, we suggest
that aggressive non-surgical treatment is feasible first
for patients with rotator cuff lesions and shoulder
stiffness. A combined procedure of manipulation,
lysis of adhesions, acromioplasty and repair of the

rotator cuff is optionally recommended if symptoms
do not improve after 3 months of aggressive rehabili-
tation.

Conclusions
Because of limitations in diagnostic technolo-

gies, orthopedists in the past six decades have tended
to discriminate primary frozen shoulder from sec-
ondary shoulder stiffness due to disorders such as
rotator cuff lesions or trauma. With the advanced
imaging technologies and molecular biology in the
21st century, orthopedists have found that some
cases of primary frozen shoulder may result from
trivial lesions in the rotator cuff. The pathomech-
anism between primary frozen shoulder and sec-
ondary shoulder stiffness in rotator cuff lesions
seems to be similar and involves the increased
expression of proinflammatory cytokines and myofi-
broblast recruitment.

Rotator cuff repair is reportedly a shoulder-
tightening procedure, a conventional surgery that
was not recommended until resolution of the shoul-
der stiffness in rotator cuff lesions with stiff shoul-
der. Our clinical vignettes reveal that a combined
procedure of manipulation, lysis of adhesions,
acromioplasty, and rotator cuff repair is a useful pro-
cedure if symptoms do not improve after 3 months of
aggressive rehabilitation.
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