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Abstract 
Background Primary frozen shoulder (FS) is a painful 
contracture of the glenohumeral joint that arises sponta­
neously without an obvious preceding event. Investigation 
of the intra-articular and periarticular pathology would 
contribute to the treatment of primary FS. 
Review of literature Many studies indicate that the main 
pathology is an inflammatory contracture of the shoulder 
joint capsule. This is associated with an increased amount 
of collagen, fibrotic growth factors such as transforming 
growth factor-beta, and inflammatory cytokines such as 
tumor necrosis factor-alpha and interleukins. Immune 
system cells such as B-lymphocytes , T-lymphocytes and 
macrophages are also noted. Active fibroblastic prolifera­
tion similar to that of Dupuytren's contracture is docu­
mented. Presence of inflammation in the FS synovium is 
supported by the synovial enhancement with dynamic 
magnetic resonance study in the clinical setting. 
Conclusion Primary FS shows fibrosis of the joint cap­
sule, associated with preceding synovitis. The initiator of 
synovitis, however, still remains unclear. Future studies 
should be directed to give light to the pathogenesis of 
inflammation to better treat or prevent primary FS. 
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Introduction 

Frozen shoulder (FS) is a common disorder in general 
orthopaedic practice, characterized by pain in the shoulder 
and limitation of glenohumeral motions. FS is a term 
coined by Cadman in 1934 [1]. Synonyms include peri­
arthrite scapulohumerale [2] and adhesive capsulitis [3]. In 
Japan, a term "goju-kata" (SO-year-old-shoulder) has been 
used among the general public since the eighteenth century 
or before. 

FS may arise spontaneously without an obvious pre­
ceding cause, or be associated with local or systemic dis­
orders. Zuckerman proposed to classify FS into primary 
and secondary and subdivided secondary FS into intrinsic, 
extrinsic and systemic ones [4] (Table 1). The intrinsic 
category includes limitation of active and passive range of 
motions that occur in association with shoulder joint dis­
orders, while the extrinsic category follows an identifiable 
abnormality outside the shoulder. The systemic category is 
associated with systemic disorders such as diabetes melli­
tus [4]. This classification is followed in this paper. 

This review describes the pathological and immuno­
histochemical features of primary FS, as well as imaging 
findings that could represent the underlying pathology. 
This review also refers to possible concepts of pathogenesis 
of primary FS. 

Pathology 

Joint capsule and ligaments 

The main cause of painful restriction of movement in FS is 
an inflammatory contracture of the joint capsule. This can 
be observed during arthroscopic capsular release in patients 
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with recalcitrant FS; one would see inflamed synoviurn 
most often in the rotator interval region and thickened joint 
capsule as it is divided (Fig. 1). Lundberg reported an 
increased amount of collagen in the joint capsule, and 
proposed that inflammation is an important event that leads 
to stiffness, pain, and capsular fibrosis [5]. Ozaki et al. [6] 
documented fibrosis, fibrinoid degeneration, and hyalini­
zation in the rotator interval capsule and the coracohumeral 
ligament of the patients with recalcitrant shoulder stiffness. 
In an immunohistochemical study, Rodeo et al. [7] found 
type-III collagen in the anterosuperior capsule of FS, 
indicating new deposition of collagen. They also reported 
that cell and matrix staining for transforming growth factor 
(TGF)-beta, platelet-derived growth factor (PDGF), and 
hepatocyte growth factor was greater in FS than nonspe­
cific synovitis, suggesting a fibrotic process in FS [7]. 
Presence of vimentin-positive cells confirms the fibrotic 

Table 1 Classification of frozen shoulder 

Primary/idiopathic frozen shoulder 

An underlying etiology or associated condition cannot be 
identified 

Secondary frozen shoulder 

An underlying etiology or associated condition can be identified 

Intrinsic 

In association with rotator cuff disorders (tendinitis and 
partial-thickness or full-thickness tears), biceps tendinitis, or 
calcific tendinitis 

Extrinsic 

In association with previous ipsilateral breast surgery, cervical 
radiculopathy, chest wall tumor , previous cerebrovascular 
accident , or more local extrinsic problems, including previous 
humeral shaft fracture , scapulothoracic abnormalities, 
acromioclavicular arthritis, or clavicle fracture 

Systemic 

Diabetes mellitus, hyperthyroidism, hypothyroidism, 
hypoadrenalism , etc. 

See Reference [4] 

Fig. 1 Arthroscopic view of the 
right shoulder in a 57-year-old 
man with primary frozen 
shoulder. The arthroscope is 
inserted through the standard 
posterior portal . Inflamed 
synovium is noted in the 
anterosuperior region (a) . Using 
an electric cautery, the anterior 
capsule is being divided (b ). 
Note the thickened joint 
capsule. G glenoid fossa, LHB 
long head of biceps 
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process in the joint capsule [8, 9]. As a result of progres­
sion of fibrosis, FS capsule has a greater stiffness than that 
of shoulders with rotator cuff tear, when measured with 
scanning acoustic microscopy [10]. 

Some investigators associated the fibrotic changes in FS 
to Dupuytren's contracture [11, 12]. Investigation of the 
rotator interval capsule and coracohumeral ligament 
obtained from FS patients disclosed active fibroblastic 
proliferation accompanied by some transformation to 
myofibroblasts, but at least with inflammation and synovial 
involvement, which was very similar to those in Dupuy­
tren' s disease [11, 12]. 

Synovium 

Much work has been done to characterize the microscopic 
pathology and histochemical findings of the glenohumeral 
and subacromial synovium in FS. Kurnagai et al. [ 13] reported 
the absence of multiplation of the superficial synovial layers 
and the absence of interleukin (IL)-1 <X-positive synoviocytes, 
and insisted that there is no inflammation in the synovium of 
primary FS. In contrast, Rodeo et al. [7] demonstrated a 
variety of inflammatory cytokines such as tumor necrosis 
factor (1NF)-alpha, IL-1 alpha, IL-1 beta, and IL-6 in the FS 
synovium, in addition to growth factors related to fibrotic 
process such as TGF-beta, PDGF, and fibroblast growth fac­
tors (aFGF, and bFGF). Similarly, both fibrinogenic (matrix 
metalloprotease <MMP> -3) and inflammatory (IL-6) cyto­
kines are shown in the synovium [14]. Inflammatory cyto­
kines are known to appear both in the glenohumeral and 
subacromial synoviurn [15]. Hand et al. [9] first documented 
the presence of immune system cells, i.e., B-lymphocytes, 
T-lymphocytes and macrophages, as well as the presence of 
mast cells, in the rotator interval synovium and capsule, 
suggesting an immunological response in FS. In addition, 
angiogenesis and neurogenesis are known to occur in the 
subsynovial layer [9, 16]. Molecules related with mechanical 
stress also appear in the FS synovium [17]. 



Pathology of frozen shoulder 

Fig. 2 Dynamic magnetic resonance imaging of primary frozen 
shoulder. Serial gradient echo images (TR 45 ms; TE 10 ms; flip 
angle 40°) were obtained in an oblique coronal plane through the 
center of the humeral head before (a) , and 55 s (b) and 121 s 

Imaging abnormalities 

Imaging studies can represent, if not directly, pathology of 
primary FS. A plain example is the decrease of joint vol­
ume proved at arthrography, which indicates shortening of 
the joint capsule. Magnetic resonance imaging (MRI) can 
depict thickening of the joint capsule particularly in the 
axillary region [18, 19]. MRI also demonstrates thickening 
of the coracohumeral ligament [19). MR arthrography may 
show obliteration of the subcoracoid fat triangle, resulting 
from shortening or fibrosis of the rotator interval capsule 
[19- 21). 

Alteration of the synovium can be shown by dynamic 
MRI enhanced with intravenous gadolinium administra­
tion. Using this technique, Tamai et al. [22] demonstrated a 
greater increase of signal intensity in the glenohumeral 
joint synovium in FS, compared to that of healthy volun­
teers or patients with subacromial impingent syndrome 
(Fig. 2). This indicates an increased perfusion of gadolin­
ium from the vessels to the synovium , which most probably 
is the result of synovial inflammation in FS. They later 
reported that the increased signal intensity in the FS syn­
ovium could be reduced by intra-articular injection of 
corticosteroid or hyaluronate, associated with improvement 
of clinical scores [23, 24). 

The periarticular bony tissues also change in FS. In 
patients with a longstanding disease, bone atrophy of the 
humeral head is a common finding in a plain X-ray. The 
bone mineral density (BMD) of the humeral head was 
reported to be low as early as 2 months after the onset of 
symptoms [25]. The BMD usually returns to near normal 
with the improvement of clinical symptoms [26]. A bone 
scan generally shows positive, which indicates increased 
local blood flow in FS [27, 28]. 
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(c) following a bolus intravenous administration of Gd-DTPA. Note 
the marked enhancement in the glenohumeral joint and, to a lesser 
degree, in the subacromial region . Reproduced from Reference [24] 
with permission 

Pathogenesis of primary FS 

Most of the studies indicate that FS involves both synovial 
inflammation and capsular fibrosis. Since characteristically 
pain precedes stiffness in FS, it is most likely that 
inflammation evolves to fibrosis [9]. Cytokines such as 
TNF-alpha and ILs will produce synovitis in both the 
glenohumeral joint and the subacromial bursa, whereas 
matrix-bound TGF-beta may act as a persistent stimulus, 
resulting in capsular fibrosis [7]. 

The initiator of synovitis, however, remains still unclear. 
Based on the appearance of immune system cells , it is 
postulated that immunomodulated chronic inflammation 
may play some role in the pathogenesis of FS [9]. But the 
preceding immunological events are not known. Another 
possible initiator of synovitis is degeneration or injury of 
the rotator cuff tendon . Tendon fiber rupture, even if 
microscopic, may trigger induction of inflammatory 
mediators or fibrotic cytokines in the shoulder joint. This 
hypothesis , however, has not been established to date, 
whereas partial rotator cuff tear is known to accompany 
joint contracture [29). In addition, there is no theory that 
explains why FS thaws spontaneously in most cases. 

It is still uncertain whether FS is a process similar to 
Dupuytren's contracture . There may be a failure of colla­
gen remodeling in FS, which in part may result from a 
genetic failure to activate gelatinase A, or from elevation of 
the levels of the natural inhibitor of MMP's in the joint 
capsule [12). FS can be induced by administering a syn­
thetic MMP inhibitor, suggesting that a decrease in 
MMP's : MMP inhibitors ratio affects collagen turnover 
[30]. 

Figure 3 summarizes the pathological findings docu­
mented in the literature , and the possible pathogenesis of 
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Pathology Pathogenes is 
Fig. 3 Pathology and 
pathogenesis of primary frozen 
shoulder. In the left of the 
scheme, the pathological 
findings documented in the 
literature are listed. ln the right, 
the possible concept of the 
pathogenesis of primary FS is 
shown 

Subacrom1al bursa 
Inflammation; Cytokines; 
Growth factors; Adhesion 

? Imm unological event; 
? Microscopic tendon 
fiber injury 

Supraspinatus tendon 
Rupture of tendon fiber s 
Coracohumeral ligament 

Hypertrophy ; Shorten ing; 
Fibrino id change 

y' 
Synovitis 
(Glenohumera l jo int; 
Subacromial bursa) 

S novium ----------------
Inf ammation; Cytokines; 
Growth factors ; 
Immunolog ical reactions 

y' 
Fibrosis of the jo int 
capsu le; Joint capsule 

Increased collagen; 
Shorten ing; 
Increased stiffness 

primary FS. Future studies should be directed to give light 
on the initiator of inflammation, as well as of fibrosis, with 
the final aim to better treat or prevent FS. 
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