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Global Capsular Stiffness versus Localized Contracture
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Stiffness in primary (idiopathic) frozen shoulders has been
attributed to a global fibroplasia of the capsule despite the
fact surgical release of the capsule at the rotator interval and
of the coracohumeral ligament restores motion in almost all
patients. Occurrence of vimentin, a cytocontractile protein
known to be present in Dupuytren’s contracture and in club-
feet, has been reported in resection specimens of anterior
capsular structures. We hypothesized vimentin would occur
only in the anterior structures but fibroplasia would occur
throughout the capsule. Tissues removed from four patients
were stained with antibodies against vimentin, allowing us to
confirm its presence in only in anterior capsular structures,
supporting our first hypothesis contracture is due to a selec-
tive involvement of the anterior capsule. Staining the sections
against types I and III collagen permitted the detection of
both collagens in the anterior and the posterior capsular
structures and thus confirmed our second hypothesis that
fibroplasia involves the entire joint capsule. Therefore it
seems, in patients with primary frozen shoulder, fibroplasia
and contracture are two distinct processes.

Level of Evidence: Level IV, prognostic study. See Guide-
lines for Authors for a complete description of levels of evi-
dence.

In 1934 Codman6 stated frozen shoulder is “difficult to
explain from the point of view of pathology.” Not much
has changed during the intervening 70 years as we still
struggle to explain various aspects of the disease process,
particularly the pathophysiology. It has not been explained

why a contracture occurs in adduction and internal rotation
despite a global capsular fibroplasia. It is surprising, in
view of current understanding, surgical release of the cor-
acohumeral ligament and the joint capsule in the area at
the rotator interval in patients unresponsive to conserva-
tive measures is usually enough to obtain a full range of
motion.

Progressive restriction of external rotation and abduc-
tion at the level of the glenohumeral articulation is the
hallmark of primary frozen shoulder. Surgery performed
to release this restriction usually is limited to anterior
structures.4,5,17,19–22,27–29 Generally, the results obtained
are satisfactory. From this clinical evidence one must con-
clude the process of contracture is due to a selective in-
volvement of the capsule and not to the presence of a
global synovitis and capsular fibroplasia. The latter
changes have been confirmed by many arthroscopic and
surgical observations.10,11,18,23 Some surgeons include the
posterior structures in the capsular release, either in in-
stances of loss of internal rotation1,13,25 or of a global loss
of shoulder motion.14 Harryman et al11,12 recommend
complete capsular release, apparently believing global fi-
broplasia is responsible for the contracture. Gerber et al9

add a division of the posterior capsule to the anterior re-
lease “if applicable” without stating the criteria for appli-
cability.

Biopsies obtained during the release of contracted an-
terior structures demonstrate varied and often contradic-
tory pathologic changes. These include a thickened cap-
sule and coracohumeral ligament;15 compact, cellular, and
dense fibrous tissue; presence of mostly fibroblasts and
sometimes an increased vascularity as well as an almost
unchanged synovial lining;17 fibrosis, hyalinization, and
fibrinoid degeneration22 and vascular villous synovitis;
and mature scar tissue, but little evidence of any active
inflammatory cellular process.3

Immunohistochemical examination has further helped
elucidate the process of contracture.3,21 A dense matrix of
Type III collagen populated with fibroblasts and myofi-
broblasts has been identified in the capsule at the rotator
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interval.21 Type III collagen, in contrast with Type I, is not
spatially oriented16 or present in areas of fibroplasia. Bun-
ker and Anthony3 excised the coracohumeral ligament and
the capsule at the rotator interval in 12 patients and found
histologic evidence of active fibroblastic proliferation ac-
companied by some transformation to smooth muscle phe-
notypes (myofibroblasts), but no synovial involvement.
Immunohistochemical investigations also included mono-
clonal antibodies against the cytocontractile protein
vimentin;3 the authors concluded from this study that
“. . . vimentin, a common mesenchymal cell intermediary
filament, was strongly expressed by fibroblasts, especially
in the nodules.”

We reported vimentin in the contracted spring ligament
of seven human fetuses with a severely deformed club-
foot8 and of 41 postnatal club foot specimens from chil-
dren aged 6 to 30 months.24 We therefore wondered
whether this protein is also present in the joint capsule of
patients with primary frozen shoulder and, if present,
whether it is distributed evenly over the entire capsule or
limited to the anterior capsular structures.

We hypothesized (1) the cytocontractile protein vimen-
tin would only be present in the anterior structures because
their surgical release has repeatedly shown a restoration of
glenohumeral motion, and (2) fibroplasia involves the en-
tire joint capsule to an almost identical degree with no
preferential involvement of the anterior capsule.

MATERIAL AND METHODS

We prospectively identified four female patients who underwent
an arthroscopic release for primary frozen shoulder (Patient 1, 66

years old; Patient 2, 69 years old; Patient 3, 62 years old; and
Patient 4, 42 years old). The average duration of symptoms was
12 months. Only Patient 1 had a history of Dupuytren’s contrac-
ture. The average of forward flexion was 70º (opposite side
180º), of external rotation 10º (opposite side 60º), of abduction
120º (opposite side 180º) and the level of internal rotation L1
(opposite side T8). During surgery a marked synovial reaction of
the glenohumeral joint was found and several tissues were ob-
tained after division and partial resection: (1) synovial tissue and
capsule from the posterosuperior part of the joint (n � 4); (2)
synovial tissue and capsule at the rotator interval (n � 4); (3)
tissue from the coracohumeral ligament (n � 4); 4) synovial
tissue and capsule from the axillary fold (n � 2); and (5) syno-
vial tissue and inferior capsule in contact with the axillary nerve
(n � 1). The resected specimens were preserved for microscopic
examination and fixed in 10% neutralized formalin and embed-
ded in paraffin. Seven-micron sections were stained with hema-
toxylin-eosin and Azan.

To test the first hypothesis of a selective involvement of
anterior structures in the process of contracture, monoclonal an-
tibodies against desmin (monoclonal mouse IgG, AM072-5M,
BioGenex, San Ramon, CA) and against vimentin (monoclonal
mouse IgG, AMO74-5M; BioGenex) were used for immunohis-
tochemical staining. The first step of this two-step process in-
volves the binding of the primary antibody to the antigen, and
during the second step the bound antigen is detected by a chro-
mogen. The details of the laboratory procedures have been de-
scribed.24 Specimens stained without the primary antibody
served as negative controls. We used sections from nodules of
Dupuytren’s contracture for positive control specimens.

To test the second hypothesis fibroplasia involves the entire
capsule to an almost identical degree with no preferential in-
volvement of the anterior capsule, the sections were stained with
monoclonal antibodies against Types I and III collagen (Cedar-

TABLE 1. Main Histologic Findings in Synovial Tissue

Site of Biopsy Synovial Cell Layer Subsynovial Vascularity Matrix Density Villi

Posterosuperior 3 cell layers +++ Reduced +++
Rotator interval 1 to 2 cell layer ++ Reduced ++
Coracohumeral ligament 1 cell layer +++ Reduced, thick vessel walls None
Axillary fold 3+ cell layers +++ Reduced +++
Inferior capsule 3+ cell layers normal Reduced None

Synovial vascularity: +++ = hypervascular, ++ = very vascular. Matrix density: reduced = loose connective tissue. Villi: +++ = very villous, ++ = villous

TABLE 2. Main Histologic Findings of Extracellular Matrix of Capsule and/or Ligaments

Site of Biopsy
Cellularity,
Fibroplasia Matrix Density Vascularity

Perivascular
Infiltration Signs of Inflammation

Posterosuperior ++ Slightly reduced ++ No No
Rotator interval ++ Reduced No No
Coracohumeral ligament + Reduced ++ Occasional No
Axillary fold ++ Normal + No No
Inferior capsule Normal Normal Normal No No

Cellularity: ++ = much increased, + = increased. Vascularity: ++ = very vascular, + = more vascular than normal
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line Laboratories Ltd, 5516-8th Line, RR #2, Hornby, Ontario,
Canada). Details of this technique have been described previ-
ously.13 Dilution for Type I collagen was 1:200 and 1:500 for
Type III.

We (HKU) assessed the histologic features using a semiquan-
titative evaluation (Tables 1–4). The vascularity was graded as
follows: hypervascular � +++; very vascular � ++; more vas-
cular than normal � +; or normal. The matrix density was
assessed as being reduced, slightly reduced or normal. Presence
of synovial villi was graded as being very villous � +++; villous
� +; or normal. The cellularity was graded as being much
increased � ++; increased � +; or normal. The intensity of
vimentin expression rated very strong � +++; strong � ++;
spotty � +; or absent.

RESULTS

We found little difference in the histologic findings in the
synovial tissue and the extracellular matrix of
capsule/ligaments of the posterior and anterior structures
(Tables 1, 2). Vimentin expression in synovial and endo-
thelial cells was similar at the level of the posterosuperior
site and the rotator interval (Table 3). It was strongly ex-
pressed in cells and extracellular matrix of the capsule at
the rotator interval (Fig 1) (Table 4), the coracohumeral
ligament, and the axillary fold. In positive controls using
tissue from the palmar fascia of Dupuytren’s contracture,
the expression of vimentin in cells and matrix was strong
(Fig 2). No expression for vimentin was detected in cells
or in the extracellular matrix from posterosuperior capsule
specimens (Fig 3). There was no difference in expression
at the synovial tissue between these sites. Desmin was not
expressed in any section. A marked synovial vascular re-
action accompanied by formation of villi was found at all
sites, although the intensity varied among different loca-
tions (Fig 4).

Presence of fibroplasia was evident at all surgically
released sites, and areas of spatially nonaligned Type III
collagen containing an increased number of fibroblasts
(Figs 5, 6) were separated by strands of spatially aligned

Type I collagen containing the typical fibrocytes in nearly
normal numbers. The simultaneous presence of Types I
and III collagen was similar at all released sites with the
exception of the inferior capsule in which little type III
collagen was found. Signs of inflammation or perivascular
infiltration were not detected in any section.

DISCUSSION

Based on the assumption the contracture in primary frozen
shoulder involves the capsule at the rotator interval and the
coracohumeral ligament, one study3 proceeded success-
fully with a surgical division of only these two structures.
Surgical specimens from these sites were stained with
monoclonal antibodies against the common intermediate
filament vimentin. This protein is present in other pro-
cesses involving contracture. Brenner et al2 documented
vimentin is strongly expressed in nodules of Dupuytren’s
contracture. Bunker and Anthony3 reported a strong ex-
pression in fibroblasts of the two divided structures. Al-
though their results clearly show the rotator interval and
the coracohumeral ligament are involved in the process of
contracture, the absence of biopsies from the posterior
capsule limits the value of their study because neither
absence nor presence of vimentin in the posterior capsule
can be ruled out. We confirmed this study’s2 results in

TABLE 3. Vimentin Expression in Synovial Tissue

Site of Biopsy
Expression

in Cells

Expression in
Endothelial

Cells
Perivascular
Expression Matrix

Posterosuperior ++ ++ No No
Rotator interval ++ ++ No +++
Coracohumeral

ligament No No No No
Axillary fold No ++ No No
Inferior capsule + No No No

Expression on cells: ++ = strong expression, + = expression spotty. Perivascular expression: +++ = very strong
expression. Matrix: +++ = very strong expression

TABLE 4. Expression of Vimentin in Capsule
and/or Ligaments

Site of Biopsy Cells Matrix Endothelial Cells

Posterosuperior No No No
Rotator interval ++ +++ ++
Coracohumeral ligament ++ ++ No
Axillary fold ++ ++ No
Inferior capsule + ++ No

Expression in cells: ++ = strong expression, + = expression spotty. Expression
in matrix: +++ = very strong expression, ++ = strong expression
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respect to the two anterior structures. We were fortunate to
include specimens of the posterosuperior capsule and ex-
pose them to monoclonal antibodies against vimentin. Mi-
croscopic observations failed to reveal a vimentin expres-
sion in the posterosuperior capsule, clearly indicating con-
tracture in primary frozen shoulder does not involve this
part of the joint capsule. This selective involvement oc-
curred despite fibroplasia of the entire capsule; therefore,
fibroplasia and contracture are different processes and
these terms should not be used synonymously.

A limitation of our study is the recruitment of patients
who underwent a division of the posterior capsule in ad-
dition to a release of anterior structures. We generally
proceed only with a division of the contracted anterior
structures; however, in four patients we followed the ad-
vice of Harryman et al11 and Harryman and Lazarus12 to
release the posterior capsule. A further limitation is the
fact that we used only semiquantitative methods of assess-
ment and made no attempt to ascertain interobserver vari-
ability of the scoring system.

We found not only a vimentin expression in cells but
also in the matrix. A similar distribution also was seen in

Fig 1. This microphotograph shows a strong but localized ex-
pression of vimentin in the capsule at the rotator interval; it is
easily recognized by the intensive staining of cells and extra-
cellular matrix (arrow) (stain: vimentin; original magnification,
×100).

Fig 2. A strong cellular and extracellular expression of vimen-
tin (arrow A) is evident in this positive control specimen using
a resection specimen of Dupuytren’s contracture. The pres-
ence of collagen strands not picking up vimentin probably rep-
resents mature collagen of the palmar fascia (arrow B) (stain:
vimentin; original magnification, ×100).

Fig 3. No vimentin expression is detected in this section taken
from the vascular posterosuperior capsule (stain: vimentin;
original magnification, ×100).

Fig 4. This microphotograph taken from a section of the cap-
sule at the rotator interval shows the hypervascular synovial
reaction (arrow) surrounded by dense, loose connective tis-
sue. The loose connective tissue lacks the spatial orientation
of its collagen bundles (stain, Azan; original magnification,
×100).
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our positive controls using tissue from Dupuytren’s con-
tracture.

Absent expression for desmin should be expected as
Eyden7 has shown reactive myofibroblasts lack substantial
amounts of desmin. In our investigation of postnatal club-
feet a positive desmin expression was never observed.24

The selective expression of vimentin in the anterior
structures merits further experimental investigation be-
cause our study cannot determine whether the cytocontrac-
tile protein vimentin is the cause of the contracture or
whether it is elaborated in response to the antalgic position
in adduction and internal rotation.

We stained sections of our knee contracture model in
rats26 with vimentin. Preliminary results do not support an
assumption of a causal involvement of vimentin in the
contracture process but rather an elaboration of this protein
in response to immobilization in flexion. A more in-depth
study is planned.

The expression of vimentin limited to anterior capsular
structures but absent from the posterior capsule confirms
our first hypothesis only the anterior parts of the glenohu-
meral joint capsule, particularly the capsule at the rotator
interval and the coracohumeral ligament, are involved in
the contracture process in primary frozen shoulder. This
study also confirmed our second hypothesis: fibroplasia
involves the entire joint capsule to an almost identical
degree with no preferential involvement of the anterior
capsule.

We conclude the reduced range of motion of the pri-
mary frozen shoulder is foremost attributable to a contrac-
ture of anterior capsular structures, particularly the cora-

cohumeral ligament and the capsule at the rotator interval
as seen by the selective expression of the cytocontractile
protein vimentin. This finding confirms the clinical expe-
rience division of these structures is usually sufficient to
restore the lost range of motion. Another important out-
come is the need for a clear distinction between fibroplasia
and contracture. Although fibroplasia involves the entire
capsule, presence of cytocontractile proteins is limited to
the anterior capsular part. Consequently, we deal with a
selective involvement of anterior capsular structures in the
process of contracture. The data suggest in the absence of
a clinically relevant limitation in internal rotation there is
no need to perform routinely a posterior capsular release in
patients suffering from primary frozen shoulder.

Acknowledgment
The authors thank Julie Courchesne for her technical assistance.

References
1. Berghs BM, Sole-Molins X, Bunker TD. Arthroscopic release of

adhesive capsulitis. J Shoulder Elbow Surg. 2004;13:180–185.
2. Brenner VP, Sachse C, Reichert B, Berger A. Expression von di-

versen monoklonalen Antikörpern im Knoten- und Strangstadium
des Morbus Dupuytren. Handchir Mikrochir Plast Chir. 1996;28:
322–327.

3. Bunker TD, Anthony PP. The pathology of frozen shoulder. J Bone
Joint Surg Br. 1995;77:677–683.

4. Bunker TD, Lagas K, DeFerme A. Arthroscopy and manipulation in
frozen shoulder. J Bone Joint Surg Br. 1994;76(Suppl 1):53.

5. Bunker TD, Reilly J, Baird KS, Hamblen DL. Expression of growth
factors, cytokines and metalloproteinases in frozen shoulder. J Bone
Joint Surg Br. 2000;82:768–773.

6. Codman EA. The Shoulder. Boston: Thomas Todd; 1934:216-224.
7. Eyden B. The myofibroblast: an assessment of controversial issues

Fig 5. In this section taken from the posterosuperior capsule
areas characterized by fibroplasia and increased cellular den-
sity show a strong staining for Type III collagen (arrow). They
surround unstained islands of spatially aligned collagen con-
taining mostly fibrocytes (stain: type III collagen; original mag-
nification ×200).

Fig 6. In this microphotograph taken from a section of the
capsule at the rotator interval, an area staining strongly for
Type III collagen (arrow) borders a site of rather mature col-
lagen that does not pick up the Type III collagen stain (stain:
type III collagen; original magnification ×200).

Number 456
March 2007 Primary Frozen Shoulder 83

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. 



and a definition useful in diagnosis and research. Ultrastruct Pathol.
2001;25:39–50.

8. Fukuhara K, Schollmeier G, Uhthoff HK. The pathogenesis of club
foot: a histomorphometric and immunohistochemical study of fe-
tuses. J Bone Joint Surg Br. 1994;76:350–357.

9. Gerber C, Espinosa N, Perren TG. Arthroscopic treatment of shoul-
der stiffness. Clin Orthop Relat Res. 2001;390:119–128.

10. Hannafin JA, DiCarlo EF, Wickiewicz TL. Adhesive capsulitis:
capsular fibroplasia of the glenohumeral joint. J Shoulder Elbow
Surg. 1994;3:S5.

11. Harryman DT II, Matsen FA III, Sidles JA. Arthroscopic manage-
ment of refractory shoulder stiffness. Arthroscopy. 1997;13:
133–147.

12. Harryman DT, Lazarus MD. The stiff shoulder. In: Rockwood and
Matsen, eds. The Shoulder, 3rd ed. Philadelphia: WB Saunders;
2004:1121-1172.

13. Ide J, Tagaki K. Early and long-term results of arthroscopic treat-
ment for shoulder stiffness. J Shoulder Elbow Surg. 2004;13:
174–179.

14. Jerosch J. 360 degrees arthroscopic release in patients with adhesive
capsulitis of the glenohumeral joint—indication, surgical technique,
results. Knee Surg Sports Traumatol Arthrosc. 2001;9:178–186.

15. Kernwein GA, Rosenberg B, Sneed WR. Arthrographic studies of
the shoulder joint. J Bone Joint Surg Am. 1957;39:1267–1279.

16. Kumagai J, Sarkar K, Uhthoff HK, Okawara Y, Ooshima A. Im-
munohistochemical distribution of type I, II and III collagens in the
rabbit supraspinatus tendon insertion. J Anat. 1994;185:279–284.

17. Lundberg BJ. The frozen shoulder: clinical and radiographical ob-
servations: the effect of manipulation under general anesthesia:
structure and glycosaminoglycan content of the joint capsule: local
bone metabolism. Acta Orthop Scand Suppl. 1969;119:1–59.

18. McLaughlin HL. The “frozen shoulder.”. Clin Orthop Relat Res.
1961;20:126–131.

19. Neer CS, Satterlee CC, Dalsey RM, Flatow E. The anatomy and
potential effects of contracture of the coracohumeral ligament. Clin
Orthop Relat Res. 1992;280:182–185.

20. Neviaser JS. Adhesive capsulitis of the shoulder. J Bone Joint Surg.
1945;27:211–222.

21. Omari A, Bunker TD. Open surgical release for frozen shoulder:
surgical findings and results of release. J Shoulder Elbow Surg.
2001;10:353–357.

22. Ozaki J, Nakagama Y, Sakurai G, Tamai S. Recalcitrant chronic
adhesive capsulitis. J Bone Joint Surg Am. 1989;71:1511–1515.

23. Rodeo SA, Hannafin JA, Tom J, Warren RF, Wickiewciz TL. Im-
munolocalization of cytokines and their receptors in adhesive cap-
sulitis of the shoulder. J Orthop Res. 1997;15:427–436.

24. Sano H, Uhthoff HK, Jarvis J, Mansingh A, Wenckebach BFC.
Pathogenesis of soft tissue contracture in club foot. J Bone Joint
Surg Br. 1998;8:641–644.

25. Ticker JB, Beim GM, Warner JJ. Recognition and treatment of
refractory posterior capsular contracture of the shoulder. Arthros-
copy. 2000;16:27–34.

26. Trudel G, Uhthoff HK, Brown M. Extent and direction of joint
motion limitation after prolonged immobility: an experimental
study in the rat. Arch Phys Med Rehabil. 1999;80:1542–1547.

27. Uitvlugt G, Detrisac DA, Johnson LL, Austin MD, Johnson C.
Arthroscopic observations before and after manipulation of frozen
shoulder. Arthroscopy. 1993;9:181–185.

28. Warner JJP, Allen A, Marks PH, Wong P. Arthroscopic release for
chronic refractory adhesive capsulitis of the shoulder. J Bone Joint
Surg Am. 1996;78:1808–1816.

29. Wiley AM. Arthroscopic appearance of frozen shoulder. Arthros-
copy. 1993;7:138–143.

Clinical Orthopaedics
and Related Research84 Uhthoff and Boileau

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. 


