THE PATHOLOGY OF FROZEN SHOULDER

A DUPUYTREN-LIKE DISEASE
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Of 935 consecutive patients referred with shoulder pain,
50 fitted the criteria for primary frozen shoulder.
Twelve patients who failed to improve after
conservative treatment and manipulation had excision
of the coracohumeral ligament and the rotator interval
of the capsule. The specimens were examined
histologically, using special stains for collagen.
Immunocytochemistry was performed with monoclonal
antibodies against leucocyte common antigen (LCA,
CD45) and a macrophage/synovial antigen (PGMI,
CD68) to assess the inflammatory component, and
vimentin and smooth-muscle actin to evaluate
fibroblasts and myofibroblasts.

Our histological and immunocytochemical findings
show that the pathological process is active fibroblastic
proliferation, accompanied by some transformation to a
smooth muscle phenotype (myofibroblasts). The
fibroblasts lay down collagen which appears as a thick
nodular band or fleshy mass.

These appearances are very similar to those in
Dupuytren’s disease of the hand, with no inflammation
and no synovial involvement. The contracture acts as a
check-rein against external rotation, causing loss of
both active and passive movement.

J Bone Joint Surg [Br] 1995,77-B:677-83.
Received 25 August 1994; Accepted 18 October 1994

T. D. Bunker, BSc, MCh Orth, FRCS, Consultant Orthopaedic Surgeon
Princess Elizabeth Orthopaedic Hospital, Wonford Road, Exeter EX2
4UE, UK.

P. P. Anthony, FRCPath, Professor of Pathology
Royal Devon and Exeter Hospital, Barrack Road, Exeter EX2 5SDW and
the Postgraduate Medical School, University of Exeter, Exeter, UK.

Correspondence should be sent to Mr T. D. Bunker at Swallow Thatch,
Kenn, Exeter EX6 7XJ, UK.

©1995 British Editorial Society of Bone and Joint Surgery
0301-620X/95/51026 $2.00

VOL. 77-B. No. 5, SEPTEMBER 1995

The term frozen shoulder was first used by Codman (1934)
who described the common features of slow onset, pain
near the insertion of the deltoid, inability to sleep on the
affected side, painful and restricted elevation and external
rotation, and a normal radiological appearance. Lundberg
(1969) subdivided the frozen shoulder syndrome into prim-
ary or idiopathic cases and those in which the condition
was secondary to soft-tissue injury, fracture, arthritis, hemi-
plegia or any other known cause.

The cause of frozen shoulder remains enigmatic. The
original pathological descriptions of Neviaser (1945) and
Simmonds (1949) suggested a chronic inflammatory
condition, but Lundberg (1969) found no significant
number of inflammatory cells. He suggested that the
primary pathology was fibrosis and fibroplasia, reporting
that the morphology of the contracted tissue was similar
to that of Dupuytren’s contracture. Kay and Slater (1981)
described the histological findings of the shoulder cap-
sule in one diabetic patient and found them to be identi-
cal to those seen in fibromatoses such as Dupuytren’s
disease with none of the inflammatory features described
by Neviaser (1945).

Recent arthroscopic studies (Wiley 1991; Uitvlugt et al
1993; Bunker, Lagas and DeFerme 1994) and open surgical
exploration (Ozaki et al 1989) have suggested that the main
abnormalities in primary frozen shoulder are in the rotator
interval and the anterior capsule. Neer et al (1992) sug-
gested that the coracohumeral ligament was contracted and
Ozaki et al (1989) stated that release of this ligament was
curative.

We therefore decided to excise the coracohumeral liga-
ment in patients who had failed to respond to manipulation
under anaesthesia for chronic frozen shoulder, and to sub-
ject the excised tissue to histological examination. We
aimed to confirm the presence of a contracture and to
discover whether it was inflammatory or fibroblastic in
nature.

PATIENTS AND METHODS

We studied only primary or idiopathic cases of frozen
shoulder, defining the syndrome by Codman’s (1934) ori-
ginal criteria, as modified by Zuckerman, Cuomo and
Rokito (1994). The criteria for inclusion were insidious
onset, true shoulder pain, night pain, painful restriction of
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both active and passive elevation to less than 100° and of
external rotation to less than one half of normal, and a
normal radiological appearance.

Of 935 patients referred to the Exeter Shoulder Clinic, a
total of 50 fulfilled these criteria and formed the study
group. All 50 were at first treated conservatively by steroid
injection and physiotherapy for at least two months. Nine
patients improved; the other 41 failed to gain relief and
were advised to have a manipulation under anaesthesia.

To exclude any other cause for their symptoms, shoulder

arthroscopy was performed before manipulation unless
there was a specific contraindication. The 12 patients who
failed to improve after manipulation had the surgical
release described by Ozaki et al (1989) and the tissue
obtained from these patients was used for the histological
study.
Patients. The average age of the 50 original patients was
56.1 years; there were 24 women and 26 men. The left and
right shoulders were equally involved, with an average
duration of symptoms of 15.5 months.

On examination the mean combined elevation was 83.2°
with mean external rotation of 9.4°. Twenty-nine patients
(58%) had evidence of Dupuytren’s contracture in the hand.
Twenty-two (44%) were either known to be diabetic or had
an elevated fasting blood-sugar level, which was measured
in all patients. The mean fasting serum lipid level was also
elevated as against a matched control group; this finding is
reported separately.

Of the 12 patients requiring surgical release, four were

diabetic, one of them being insulin-dependent. Ten had had
a previous shoulder arthroscopy. All ten showed scarring
and contracture of the tissues at the rotator interval. The
infraglenoid recess was found to be less capacious than
normal and the capsule was thickened. As reported in all
other arthroscopic studies (Wiley 1991; Uitvlugt et al 1993;
Hannafin, DiCarlo and Wickiewicz 1994; Esch 1994), there
were no adhesions.
Surgical release. We performed open surgical release in 12
patients through a 5 cm oblique skin-crease incision, from
the lower border of the clavicle to just below the coracoid
process. The deltoid muscle was split in the direction of its
fibres and the coracoacromial ligament was exposed and
cleaned. This ligament appeared to be normal and was
excised to expose the coracohumeral ligament.

In 11 of the 12 cases the coracohumeral ligament
appeared to be abnormal; in the other case it looked normal
but was histologically abnormal and had the appearance of
a nodular fleshy band (Fig. 1) which was inextensible and
prevented external rotation. In three patients the band had
been partially torn by the previous manipulation. The
whole of the rotator interval was grossly thickened making
it difficult to define the edges of subscapularis and supra-
spinatus. The area of the coracohumeral ligament and the
rotator interval was excised, using electrocautery because
of its considerable vascularity. As large a specimen as
possible was taken for histological examination.

In ten patients, this excision of the coracohumeral liga-
ment provided immediate release with external rotation
improving from a mean of 5° to a mean of 58°. In two
patients there was no improvement; one of these was
diabetic with severe Dupuytren’s contracture in both
hands.

Excision of the coracohumeral ligament creates a hole in
the capsule through which the long head of biceps can be
seen, but no attempt was made to close the gap. Sub-
cuticular sutures were used to close the wound; all patients
were discharged on the first postoperative day to attend for
outpatient physiotherapy.

Histological examination. All 12 specimens were exam-
ined by one author (PPA) with no prior knowledge of the
clinical history or operative findings. Blocks were fixed in
10% buffered formalin, embedded in paraffin wax and
sectioned for staining with haematoxylin and eosin, Van
Gieson (for collagen type III), and Martius scarlet blue
(MSB, for collagen types I and III). Sections were also
studied for birefringence under polarised light, and others
were prepared for immunocytochemistry by the avidin
biotin complex method (Hsu, Raine and Fanger 1981). We
used monoclonal antibodies against the following antigens:
leucocyte common antigen (LCA, CD45 Dako, cat.no.
M701, 1:150 dilution), macrophage and synovial-cell anti-

Fig. |

An operative specimen. The forceps hold
the coracoacromial ligament, under
which is the excised coracohumeral liga-
ment, altered to nodular fleshy tissue.
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Table I. Details of the findings in 12 specimens excised from patients with frozen shoulder

Monoclonal antibodies (see text)

Sex/age Mature

Case (yr) collagen  Cellularity Vascularity LCA  Vimentin PGMI ASMA

1 F/54 +++ +++ +4++ + +++ + +
nodular/ in -
laminar nodules -

2 M/56 ++ +++ +++ - +++ + ++
nodular/ in
laminar nodules

3 M/52 ++ + + + + + +
laminar/ - - -
nodular

4 M/56 +++ +++ +++ + +++ + ++
nodular/ in -
laminar nodules

5 F/50 ++ + + - + - -
laminar/ scattered
nodular

6 M/50 ++ ++ ++ + ++ + +
nodular/ in - - -
laminar nodules

7 M/48 +++ + ++ + ++ + +
laminar/
nodular

8 M/46 +++ ++ +++ - ++ + ++
laminar/ scattered
nodular

9 F/S5 ++ ++ ++ + ++ + ++
nodular/ -
laminar

10 M/69 ++ ++ ++ - ++ - +
laminar/ -
nodular

11 F/60 ++ ++ + + ++ - +
laminar/ - -
nodular

12 M/52 +++ ++ + + ++ - -
laminar/
nodular

gen (PGMI CD68, Dako cat.no. M876, 1:300 dilution after
pretreatment with Trypsin), the common mesenchymal cell
intermediate filament vimentin (Dako cat.no. M725, 1:12
dilution) and alpha smooth-muscle actin (Sigma cat.no. A-
2547, 1:40 000 dilution after pretreatment with Trypsin).
These were used according to the manufacturer’s instruc-
tions with appropriate negative and positive controls and
internal controls in the sections themselves (for example,
connective-tissue septa in fat and the smooth-muscle walls
of blood vessels). Positive results were visualised by horse-
radish peroxidase digestion of diaminobenzidine (DAB)
after neutralisation of endogenous peroxidase by hydrogen
peroxide in alcohol.

For comparative purposes, Dupuytren’s tissue excised
from the hands of six other patients was similarly treated,
sectioned and stained and the same immunocytochemical
methods and antibodies applied.
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The results are shown in Tables I and II as negative (-),
or positive on a semiquantitative scale from +(weak),
++(moderate), or +++(strong) by visual assessment under
the microscope.

RESULTS

The histological findings and results of immunocytochem-
istry in the 12 patients with primary frozen shoulder and six
with Dupuytren’s contracture of the hand are summarised
in Tables I and II.

The blocks of excised tissue from the shoulders meas-
ured from 1.0X 1.0cm to 5.0X3.0cm (average
24 X 1.5cm). They were either nodular or laminar or
showed a mixture of these patterns (Fig. 2). The nodules
consisted of fibroblasts intermingled with collagen; cellu-
larity was high or moderate (Fig. 3). The more laminar
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Table II. Details of the findings in six cases of Dupuytren's disease

Monoclonal antibodies (see text)

Sex/age Mature
Case  (yr) collagen  Cellularity Vascularity LCA Vimentin PGMI ASMA
1 F/35 ++ ++ +++ + small ++ - +
nodular/ aggregates of particularly in
laminar lymphocytes in nodule
around periphery nodules
2 F/62 ++ +++ +++ + ++ - +
mainly - in -
modular peripheral nodules
around
vessels
3 M/40 +++ ++ +++ - + - ++
laminar/
nodular
4 F/28 ++ ++ ++ - ++ - +
nodular in
nodules
5 M/73 ++ + + - + - +
mainly
laminar
6 M/67 +++ + +++ - ++ - -
nodular/ in
laminar nodules

areas showed fibroblasts arranged alongside layers or bun-
dles of dense collagen. There was no clear distinction
between these two patterns, one merging with the other.

Van Gieson and MSB studies produced identical results,
suggesting that most of the collagen laid down was of the
‘mature’ type III (Fig. 4), and this was confirmed by strong
birefringence under polarised light. There was increased
vascularity (high or moderate) in seven cases (Fig. 5). We
attempted to relate cellularity and vascularity to the ‘activ-
ity’ of the lesion, that is to the duration and severity of
symptoms and signs.

The histological appearances of the tissues excised from
frozen shoulders and from Dupuytren’s contractures of the

Fig. 2

A low-power view of the nodular/laminar arrangement of the thickened
coracohumeral ligament (haematoxylin and eosin X65).

hand were similar in all respects. The Dupuytren tissue
tended to show more strings of nodules and had slightly
greater cellularity and vascularity.

The results of immunocytochemistry of shoulder tissue
showed that vimentin was strongly expressed by fibro-
blasts, especially in the nodules (Fig. 6). These cells also
expressed alpha smooth-muscle actin in all but two cases,
thus displaying a differentiation or a change to a myofi-
broblastic phenotype (Fig. 7). Leucocytes and macrophages
were scanty and were never seen in the nodules or laminae,
only on the periphery and usually around small vessels.
Synovium was present in seven cases and was either
entirely normal or showed minimal papillary infoldings

Fig. 3

A moderately cellular nodule of fibroblasts and collagen (haematoxylin
and eosin X240).
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Fig. 4

A dense mass of collagen (Van Gieson X100).

7 T T

Strong expression of vimentin by fibroblasts (immunoperoxidase X240).

without hyperplasia (Fig. 8).

Our findings have shown that primary frozen shoulder is
a fibrosing condition and not an inflammatory one. The
general histology and immunocytochemistry were indis-
tinguishable from those seen in Dupuytren’s contracture.

DISCUSSION

It is difficult to define primary frozen shoulder (Zuckerman
et al 1994). The definition which we used was based on that
of Codman (1934) which has been utilised in other major
studies. However, the authors had not excluded other cau-
ses of shoulder pain and stiffness by routine shoulder
arthroscopy. Wiley (1991) reported 150 patients with a
presumed diagnosis of frozen shoulder; only 37 had the
primary nature confirmed by shoulder arthroscopy. Bayley
(personal communication, 1994) found a 50% false-pos-
itive clinical diagnosis of frozen shoulder before arthro-
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Fig. 5

Richly vascular area; small arteries are stained for their smooth muscle
media by antibody to alpha smooth-muscle actin (immunoperoxidase
X100).

% S
Fig. 7
Fibroblasts also express alpha smooth-muscle actin, that is, a myofibro-
blast phenotype. Note that the blood vessel on the left, as an internal

control, shows strong staining of its smooth-muscle coat (immunoperox-
idase X640).

Fig. 8

The synovium shows microscopic papillae but few inflammatory cells.
These are stained dark by antibody to leucocyte common antigen (CD 45)
(immunoperoxidase X240).
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scopy. Thus, no earlier study of frozen shoulder was tightly
controlled by exclusion of other causes by arthroscopy.

In our study secondary causes were excluded and two
associations became clear: first, that with Dupuytren’s dis-
ease and secondly, an association with diabetes. We found
Dupuytren’s disease of the hand in 58% of our patients.
Fisher, Kurtz and Shipley (1986) found a 34% incidence of
Dupuytren’s contracture in patients with diabetic cheir-
arthropathy and a 60% incidence in diabetic patients with-
out cheirarthropathy. This shows that Dupuytren’s disease
is common in diabetics, but we could find no previous
study which has linked Dupuytren’s disease with frozen
shoulder in a tightly controlled group.

The relationship between diabetes and frozen shoulder is
well documented (Bridgman 1972; Lequesne et al 1977,
Fisher et al 1986; Pal et al 1986). Diabetic patients have a
10% to 20% incidence of frozen shoulder and this rises to
36% in insulin-dependent diabetics. Of patients with bilat-
eral shoulder involvement, 42% are diabetic. Diabetic
patients with frozen shoulder often fail to respond to
manipulation (Janda and Hawkins 1993). This accounts for
the higher incidence of diabetes in our excision and histo-
logy group (46%) compared with the 27% in our manipula-
tion group. The patients who had excision and histology
were self-selected by failure to benefit from manipulation.
It could be argued that the patients from whom tissue was
obtained for histology were suffering from diabetic
cheirarthropathy.

Diabetic cheirarthropathy was first described by Lund-
baek (1957), and is characterised by flexion contracture of
the metacarpophalangeal and proximal interphalangeal
joints of the fingers, with thickening, induration and a waxy
feel to the skin. In severe cases diabetic cheirarthropathy is
associated with flexion contractures of the wrists and
elbows. None of the patients in our series had signs of
diabetic cheirarthropathy on careful examination. The
arthroscopic findings were identical in the diabetic and the
non-diabetic patients from whom tissue had been obtained
for histology. There were also no differences between the
open-surgery group and the manipulation group. The histo-
logy was identical in diabetic and non-diabetic patients.

The cause of primary frozen shoulder has been uncertain
since it was first described by Codman (Bunker 198S5).
Postulated causes include an autoimmune connective-tissue
disorder, recurrent haemarthrosis, reactive arthropathy,
crystal arthropathy, infection, trauma, algodystrophy,
suprascapular nerve entrapment, and rotator-cuff degenera-
tion. All these have been studied and disproved. The few
previous studies of tissue from patients with primary frozen
shoulder have suggested either an inflammatory process
(Neviaser 1945; Simmonds 1949; DePalma 1952) or a
fibromatosis (Lundberg 1969; Kay and Slater 1981; Ozaki
et al 1989; Hannafin et al 1994).

Neviaser’s study of ten cases in 1945 is often cited. He
found thickening and contracture of the capsule with con-
siderable or extensive fibrosis in six cases but interpreted
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the increased cellularity as due to inflammatory changes.
Simmonds (1949) reported four cases which showed dense
collagen fibres, much increased vascularity and the pres-
ence of histiocytes; he also considered frozen shoulder to
be an inflammatory condition. DePalma (1952) explored 32
cases; in some, histological examination showed degenera-
tion of collagen fibres, round-cell infiltration, increased
vascularity, thickening of the synovial membrane and evid-
ence of increased fibrosis. He also concluded that the
changes were consistent with low-grade inflammation.

All these surgeons found evidence of fibrosis and vascu-
larity, findings which our study has confirmed. We have
also shown conclusively that the main cell populations in
the lesions are fibroblasts and myofibroblasts; inflammatory
cells are either absent or scanty and their presence is
probably secondary to the mechanical and functional
abnormality. Without the specific identification of cells by
immunocytochemistry, it is possible to mistake fibroblasts
and myofibroblasts for inflammatory cells.

The early macroscopic descriptions of frozen shoulder
cannot be bettered. Neviaser (1945) reported that the thick-
ened and contracted capsule peeled from the humeral head
like adhesive plaster from skin. He termed this ‘adhesive
capsulitis’ and is often misquoted as describing adhesions
within the joint. No adhesions have been reported in
numerous recent arthroscopic studies (Wiley 1991; Uitvlugt
et al 1993; Bunker et al 1994). Simmonds (1949) described
the rotator cuff as looking “like a vascular leathery hood
with no obvious demarcation between the tendons”. We
now describe the usual demarcation between the tendons as
the rotator interval, and his description matches our find-
ings. DePalma (1952) stated that the coracohumeral liga-
ment is “converted into a tough inelastic band of fibrous
tissue spanning the interval between the coracoid process
and the tuberosities of the humerus. It acts as a powerful
check-rein . . . division of the coracohumeral ligament
allows early restoration of scapulohumeral motion”. This
accords perfectly with our findings and those of Ozaki
(1989) and Neer et al (1992).

Earlier links with Dupuytren’s disease were made by
Lundberg (1969) who noted that the capsule was compact
or dense with an increase in cells which were mainly
fibroblasts. He reported the similarity to Dupuytren’s tissue,
but attributed the idea to Norden (personal communication,
1969). In 1981, Kay and Slater described the histology of
one case in a brief letter to the Lancer stating that it was
similar to that of Dupuytren’s disease. Ozaki et al (1989)
reported histological findings of fibrosis in some of their 17
cases, but did not study cell type. Hannafin et al (1994)
performed arthroscopic biopsies of the capsule in 15
patients, finding diffuse capsular fibroplasia, thickening and
contracture, but arthroscopy allows only small biopsies
from the periphery of the lesion.

Our biopsies from the coracohumeral ligament and the
rotator interval area were indistinguishable from the stand-
ard textbook and journal descriptions of Dupuytren’s dis-
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ease (Gabbiani and Majno 1972; Hueston, Hurley and
Whittingham 1976; Chiu and McFarlane 1978) both for
general microscopic appearances and for cell types. Inflam-
mation is absent or minimal and the synovium remains
inactive.

Conclusions. Primary frozen shoulder is relatively rare,
accounting for only 50 (4.7%) of 935 shoulder referrals.
Thickening and contracture of the coracohumeral ligament
and rotator interval act as a tight check-rein which prevents
external rotation. The vascular collagenous tissue has a
high cellular content, shown by immunocytochemistry to
be mainly fibroblasts and myofibroblasts.

No benefits in any form have been received or will be received from a
commercial party related directly or indirectly to the subject of this
article.
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