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The puzzling pathophysiology of frozen
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Abstract

Purpose: The pathophysiology of frozen shoulders is a complex and multifactorial process. The purpose of this
review is to scope the currently available knowledge of the pathophysiology of frozen shoulders.

Methods: A systematic search was conducted in Medline, Embase and the Cochrane library. Original articles
published between 1994 and October 2020 with a substantial focus on the pathophysiology of frozen shoulders
were included.

Results: Out of 827 records, 48 original articles were included for the qualitative synthesis of this review.
Glenohumeral capsular biopsies were reported in 30 studies. Fifteen studies investigated were classified as
association studies. Three studies investigated the pathophysiology in an animal studies. A state of low grade
inflammation, as is associated with diabetes, cardiovascular disease and thyroid disorders, predisposes for the
development of frozen shoulder. An early immune response with elevated levels of alarmins and binding to the
receptor of advance glycation end products is present at the start of the cascade. Inflammatory cytokines, of which
transforming growth factor-β1 has a prominent role, together with mechanical stress stimulates Fibroblast
proliferation and differentiation into myofibroblasts. This leads to an imbalance of extracellular matrix turnover
resulting in a stiff and thickened glenohumeral capsule with abundance of type III collagen.

Conclusion: This scoping review outlines the complexity of the pathophysiology of frozen shoulder. A
comprehensive overview with background information on pathophysiologic mechanisms is given. Leads are
provided to progress with research for clinically important prognostic markers and in search for future interventions.

Level of evidence: Level V.
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Introduction
Frozen Shoulder (FS) is a common cause of shoulder
pain associated with restricted active and passive range
of motion. Although this condition has been recognized
as a clinical disease entity for about 150 years, we still
have not unraveled the pathophysiology yet. FS has often
been described as a self-limiting condition, with recovery
within two to three years for the majority of patients [1].
However, symptoms of mild to moderate pain and

stiffness are reported in 27–50% of patients at long term
[2–4]. Even in patients with a favorable natural course of
the condition, there is still an extensive period to deal
with pain, and functional limitations.
Current surgical interventions, such as manipulation

under anesthesia or arthroscopic capsular release, are
aimed at the advanced stage of the disease, when the fi-
brotic cascade has already had its effect. To optimize
treatment the treatment of FS, it is of fundamental im-
portance to get a better understanding of the patho-
physiology. With advancing knowledge, it might become
possible to intervene early on in the disease process.
The aim of this scoping review is to systematically col-

late the currently available knowledge that we have
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about the pathophysiology of FS. The histologic findings
and the mechanism of tissue fibrosis on a cellular level
are addressed. The purpose is to give and apprehensible
overview which aids clinicians in the understanding of
the pathophysiology and to translate this to clinical
implications.

Materials and methods
A systematic search in Medline, Embase and the
Cochrane library was conducted in all three databases
on the fifth of October 2020. The search was build in-
cluding the following terms; “frozen shoulder”, or
(“shoulder” AND “adhesive capsulitis”), “pathophysi-
ology”, (“etiology” or “aetiology”) and (“histology” or
“anatomy and histology”). Publications had to be original
papers published in English after the first of January
1994. The limit of 1994 was chosen since the techniques
to analyze tissue samples of more than 25 years ago are
most likely outdated and therefore not relevant anymore.
Articles were eligible for inclusion if the there was a sub-
stantial focus on the pathophysiology of FS. All studies
on tissue samples from FS patients were eligible for in-
clusion. Association studies between medical co-
morbidities and FS were only eligible if the pathophysio-
logic mechanism between the investigated condition and
FS was discussed. Basic science studies (in vitro or ani-
mal model studies) were eligible for inclusion if the aim
of the article was to clarify the pathophysiology of FS.
Reviews, case reports and imaging studies were
excluded.

Results
A number of 1088 potential relevant studies were identi-
fied in the searches. After removal of duplicates, titles
and abstracts were screened from a total of 827 studies.
A low threshold was used to verify if the full text articles
included unique or relevant information on the patho-
physiology of FS. This resulted in 48 original studies eli-
gible for inclusion in the qualitative synthesis of this
review. A PRISMA flow chart of the review process is
presented in Fig. 1. (Fig. 1).
The 48 included articles are categorized by study de-

sign in three tables, in a chronological order. The most
relevant finding for each article is given. Table one
shows all 30 original articles wherein tissue samples
from the glenohumeral joint were analyzed. These are
mostly case control studies with a small number of pa-
tients. The controls were usually patients undergoing
arthroscopy for different shoulder pathology like in-
stability or rotator cuff surgery. The number of FS pa-
tients, controls, biopsy location and used method for
tissue analysis is described for each study.(Table 1) Table
two shows 15 association studies wherein the pathologic
mechanism between a certain co-morbidity (e.g.

diabetes, thyroid disorder) and FS is discussed. This in-
cludes studies investigating the association between FS
and serum levels in peripheral blood, for example hor-
mones, lipids or gene polymorphism.(Table 2) Table
three displays three animal (rats) studies investigating
the pathophysiologic pathways in FS in detail. (Table 3).

Patho-anatomy
The restriction in passive range of motion in FS is
caused by a contracted glenohumeral capsule. The nor-
mal shoulder joint has a volume of at least 15 ml, and on
average 20 ml [53]. In FS, the joint volume can be less
then 5 ml [54]. Capsular stiffness is demonstrated in
studies measuring intra-articular pressure while distend-
ing the capsule. Pressure volume curves show a much
steeper rise in FS compared to controls and capsular
rupture occurs in FS at a much lower volume with
higher pressures compared to normal shoulders [55–57].
It has long been hypothesized that the rotator interval
with the coracohumeral ligament (CHL) is involved in
the pathophysiologic process of FS, and might have a
pivotal role in the development of FS, and the rest of the
joint capsule is involved later on in the process [58–61].
The CHL spans the extra-articular side of the rotator
interval, is strained in external rotation, and release of
the CHL is an important part of the surgical release of a
FS [62, 63]. Several other findings are reported in the lit-
erature that support a prominent role in the etiology of
FS for the rotator interval. Ultrasound guided cortico-
steroid injections in the rotator interval and around the
CHL had greater effect on pain and range of motion
compared to intra-articular corticosteroid injections di-
rected from posterior [61]. Fluorodeoxyglucose (FDG)-
PET CT scans in FS demonstrate that FDG uptake is
predominantly located in the rotator interval, anterior
joint capsule and axillary recess [64]. Angiography stud-
ies identified neovascularization, branching of the thora-
coacromial artery, in the rotator interval of FS patients
[65]. Upregulation of proteins involved in collagen me-
tabolism, cell adhesion and the immune response were
identified in the rotator interval of FS patients [29]. The
gliding mechanism of the biceps tendon sheat, the lateral
border of the rotator interval, was involved to a variable
degree [66].

Histologic findings
Several authors have studied biopsies of the rotator
interval and glenohumeral capsule. Early in the disease
process, inflammatory changes with subsynovial hyper-
vascularity, synovial hyperplasia, and fibroblastic prolif-
eration with an increased number of fibroblasts
(fibroplasia) is found [5]. This is accompanied by the for-
mation of new nerve fibers around small blood vessels.
Neogangionesis is demonstrated by overexpression of
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hematopoietic cell marker, CD34, and vascular endothe-
lial growth factor (VEGF) [9]. Neurogenesis is driven by
an increased expression of nerve growth factor receptor
p75 [19]. Besides nerve ingrowth, pro-inflammatory me-
diators upregulate the acid sensing ion channels that
contribute to hyperalgesia [23]. Later on in the disease
process, when stiffness is established, the signs of inflam-
mation can disappear gradually [67]. In this stage, an in-
creased number of differentiated fibroblasts into
myofibroblasts are seen within an extracellular matrix
(ECM) of densely packed disorganized type III collagen
[6]. The increased number of contractile myofibroblasts
can be picked up with alfa smooth muscle actin (α-
SMA) staining, a marker for the differentiation of fibro-
blasts in myofibroblasts. It has been demonstrated that
α-SMA staining is not that prominent yet in the early
stage of the disease compared to a more mature FS [25].

To summarize, in the early stage of FS, inflammatory
changes can be seen with synovial hyperplasia and sub-
synovial hypervascularity and neurogenesis. Whereas in
the later stage inflammation usually disappears gradually
and tissue fibrosis occurs with a high number of fibro-
blasts within an ECM of densely packed type III colla-
gen. (Fig. 2).

The mechanism of tissue fibrosis
Imbalance in extracellular matrix turnover
Fibroblasts are the primary resident cell type in connect-
ive tissues. Articular capsule consists of a thin inner syn-
ovial lining and an outer layer, which is a more fibrous
layer of connective tissue. Fibroblasts are responsible for
the production of the ECM, the “soil” in which the cells
live and interact. Normally, type I and III collagen are
the main proteins in the ECM of normal joint capsule.

Fig. 1 PRISMA flow diagram
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Table 1 Biopsy studies; studies investigating the pathophysiology of frozen shoulder with glenohumeral capsular tissue samples

Author Year Study
design

Biopsy
location

n
FS

n
Controls

Analysis method Most relevant findings

Hannafin
[5]

1994 case series anterior,
inferior and
posterior

15 – histology Frozen shoulder starts with a hypervascular synovitis
followed by diffuse fibroplasia with thickening and
contracture of the capsule

Bunker
[6]

1995 case series CHL + RI 12 – immunohistochemistry Active fibroblastic proliferation with differentiation into
myofibroblasts and the deposition of thick nodular
bands of collagen

Rodeo [7] 1997 case control anterosuperior 19 21 immunohistochemistry Hypervascular synovial hyperplasia with fibroblasts,
occasional T-cells, B-cells and newly synthesized colla-
gen type I and III was found. TGF-β, PDGF, IL-1β and
TNF-α are involved in an inflammatory and fibrotic
process in frozen shoulders

Bunker
[8]

2000 case serie RI 14 4 RT-PCR The presence of mRNA for a large number of cytokines
and growth was demonstrated in frozen shoulder
capsular tissue

Ryu [9] 2006 case control RI 11 5 immunohistochemistry,
western blot

Immunostaining for VEGF was stronger in frozen
shoulders compared to controls

Hand [10] 2007 case series RI 22 – immunohistochemistry Fibroblastic proliferation and an infiltrate of chronic
inflammatory cells (mast cells, T cells, B cells and
macrophages) was found

Kilian [11] 2007 case control RI 6 6 immunohistochemistry, RT-
PCR

Significant enhancement of α-1(I) mRNA transcription
(mature collagen) was found

Uhthoff
[12]

2007 case series 5 different
locations

4 – immunohistochemistry Fibroplasia together with type III collagen was present
in the entire joint capsule. Contracture, (vimentin
expression), was found only in the anterior joint
capsule (rotator interval and CHL)

DePalma
[13]

2008 case series capsule 32 – histology Evidence of a low grade chronic inflammatory process
with variable involvement of the biceps tendon sheath
was found

Kanbe
[14]

2009 case series RI 10 – immunohistochemistry NF-κB, IL-6, MMP3, β1-integrin and VEGF were
expressed in the synovial tissue of frozen shoulders

Li [15] 2009 case control RI 12 12 RT-PCR A higher expression of mRNA for TGF-β and several
MMPs was found

Kabbabe
[16]

2010 case control 4 different
locations

13 10 qPCR Inflammatory (IL-6 and IL-8) and fibrogenic (MMP3) cy-
tokines were expressed at a higher level in frozen
shoulders compared to controls

Nago [17] 2010 case series
+ in vitro
cell culture

RI 7 – histology, RT-PCR Treatment of cultured glenohumeral/synovial fibroblast
from frozen shoulder patients with hyaluronan
inhibited cell proliferation and expression of adhesion
related procollagens and cytokines.

Hagiwara
[18]

2012 case control RI + MGHL +
IGHL

12 18 immunohistochemistry,
qPCR, scanning acoustic
microscopy

A higher number of cells, stiffer capsular tissue and
increased gene expression related to fibrosis (COL1A1,
PDGF-B) inflammation (IL-1β) and chondrogenesis was
found

Xu [19] 2012 case control RI 8 10 immunohistochemistry Increased expression of nerve growth factor receptor
and new nerve fibers were found in frozen shoulder
capsular tissue compared to controls

Kim [20] 2013 case series RI 17 9 immunohistochemistry, RT-
PCR

ICAM-1 was increased in capsular tissue, synovial fluid,
and serum of frozen shoulder patients compared to
controls

Lho [21] 2013 case control RI +
subacromial
bursa

14 7 immunohistochemistry, RT-
PCR, ELISA

IL-1α, IL-1β, TNF-α, COX-1 and COX-2 were expressed at
higher levels in joint capsule of frozen shoulder patients
compared to controls. In the subacromial bursa, IL-1α,
TNF-α and COX-2 were expressed at higher levels

Raykha
[22]

2014 case control
+ in vitro
cell culture

RI ? ? western blot, RT-PCR β-catenin and IGF-2 expression were found to be ele-
vated in frozen shoulders compared to controls

Cho [23] 2015 case control capsule 18 18 immunohistochemistry, RT- Upregulation of acid sensing ion channels (ACICs)was
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Type III collagen is the more immature molecule, de-
rived from procollagen [11]. The turnover of ECM is
regulated by fibroblasts together with enzymes such as
Matrix Metallo Proteinases (MMPs). MMPs degrade
abundant collagen and the level of activity of MMPs is
counteracted by Tissue Inhibitor of Metallo Proteinases
(TIMPs). The fibrotic effects of increased TIMP activity
came to light when twelve patients were treated with
Marimastat (British Bio- tech Ltd, Oxford, UK), a TIMP
analogue for the treatment of gastric carcinoma. Six pa-
tients developed bilateral frozen shoulders within four

months [68]. The MMP/TIMP ratio has been shown to
be almost ten times lower in FS patients versus healthy
controls [37]. So, at least a part of the pathophysiologic
process leading to fibrosis is a dysregulated collagen syn-
thesis, in other words, an imbalance in ECM turnover.

Fibroblast contractility: the role of TGF-β1 and
mechanical stress
Not only the abundancy of collagen, but also the con-
tractility of fibroblasts in the ECM is a prerequisite to
stiffening of the tissue. Myofibroblasts can contract by

Table 1 Biopsy studies; studies investigating the pathophysiology of frozen shoulder with glenohumeral capsular tissue samples
(Continued)

Author Year Study
design

Biopsy
location

n
FS

n
Controls

Analysis method Most relevant findings

PCR found in capsular tissue and synovial fluid of frozen
shoulder patients

Cohen
[24]

2016 case control anteroinferior
capsule

9 8 RT-PCR Elevated expression of Tenascin C and Fibronectin 1
mRNA was found in capsular tissue of frozen shoulder
patients.

Hettrich
[25]

2016 case control anterior and
posterior

20 14 immunohistochemistry Intra articular corticosteroid injection reduces fibrosis,
vascular hyperplasia and myofibroblast differentiation

Hwang
[26]

2016 case control RI 8 14 immunohistochemistry Immunoreactivity of AGEs was stronger in frozen
shoulder capsules compared to controls

Cui [27] 2017 case control capsule +
bursa +
synovium

5 2 RNA sequencing 147 genes were upregulated and 24 downregulated in
capsular tissue of frozen shoulder patients compared to
controls

Cher [28] 2018 case control RI 10 10 immunohistochemistry Immunoreactivity of alarmins was stronger in frozen
shoulder patients. The expression of the alarmin
HMGB1 correlated with the severity of pain

Hagiwara
[29]

2018 case control RI + MGHL +
IGHL

12 7 shotgun proteome analysis The pathophysiology might differ between the upper
and lower parts of the joint capsule. In the RI and
MGHL samples, different proteins were higher
expressed compared to the IGHL samples

Akbar
[30]

2019 case control
+ in vitro
cell culture

RI 10 10 immunohistochemistry,
qPCR, ELISA

Fibroblasts in FS have activated phenotype with an
increased expression of fibroblast activation markers.
Cultured FS fibroblasts produced elevated levels of
inflammatory proteins (IL-6, IL-8, CCL-20)

Cho [31] 2019 case control
+ animal
(rat) study

capsule 21 13 immunohistochemistry Overexpression of IL-6, MMP-2 and MMP-9 may be as-
sociated with frozen shoulder

Kamal
[32]

2020 case control anterior 22 26 RT-PCR Inflammation and ECM remodelling were the most
signifant and highly enriched processes in frozen
shoulder. MMP13 expression was increased and TNF-α
expression was reduced in frozen shoulders

Yang [33] 2020 case control
+ in vitro
cell culture

RI 9 10 immunohistochemistry, RT-
PCR, flow cytometry

COL1A1, COL3A1, TGF-β1, and IL-6 were expressed at
increased levels in the frozen shoulder group compared
to controls. The presence of calcitonin receptors in
shoulder capsular tissue was confirmed. Treatment with
salmon calcitonin decreased the expression of COL1A1,
COL3A1, fibronectin 1, laminin 1, TGF-β1 and IL-1α

Yano [34] 2020 case control CHL + IGHL 33 25 immunohistochemistry, RT-
PCR, high performance li-
quid chromatography

AGEs and HMGB1 might play important roles in the
pathogenesis of frozen shoulder. Gene expression levels
of RAGE, HMGB1, TLR2, TLR4 and NF-κB were signifi-
cantly greater in frozen shoulders compared to controls

CHL coracohumeral ligament, RI rotator interval, MGHL middle glenohumeral ligament, IGHL inferior glenohumeral ligament, RT-PCR real time polymerase chain
reaction, ELISA enzyme linked immune sorbent assay, TGF-β transforming growth factor beta, AGE advanced glycation end product, MMP matrix metalloproteinase,
TIMP tissue Inhibitor of Metallo Proteinases, TSH thyroid stimulating hormone, IGF insulin like growth factor, ICAM intercellular adhesion molecule-1,
ECM extracellular matrix, TNF-α tumor necrosis factor alfa, VEGF vascular endothelial growth factor
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Table 2 Association studies; studies investigating the association between frozen shoulder and a co-morbidity, focussed on the
pathophysiologic mechanism

Author Year Study
Design

n
FS

n controls analysis method Most relevant findings

Bunker [35] 1995 case series 43 43 peripheral blood samples Fasting serum triglyceride and cholesterol levels were significantly
elevated in frozen shoulder patients

Mullet [36] 2007 case control 15 15 glenohumeral joint
aspirate, in vitro cell
culture

Proliferation of cultured human fibroblast cells was significantly
increased by stimulation of growth factors from joint aspirate of
frozen shoulder patients

Lubis [37] 2013 case control 50 50 peripheral blood samples MMP1 and MMP2 levels were significantly lower, while TIMP1, TIMP2
and TGF-β1 were higher in frozen shoulder patients compared to
controls

Austin [38] 2014 case control 150 NHANES
nationwide study

patient chart review A relationship is suggested between systemic inflammation with
hyperglycaemia and hypertension and frozen shoulder

Huang [39] 2014 cohort 162 Longitudinal
health insurance
database

ICD-9-CM codes Hyperthyroid patients have a 1.22 fold higher risk to develop frozen
shoulder compared to the general population in Taiwan

Sung [40] 2014 case control 300 900 peripheral blood samples Hypercholesterolemia, and inflammatory lipoproteins have a
significant association with frozen shoulder

Booker [41] 2017 case control 20 26 capsular biopsies for
microbiological culture

No correlation was found between the incidence of P. Acnes and
frozen shoulder

Chan [42] 2017 retrospective
cohort

197 24,220 peripheral blood samples Cumulative HbA1c was (dose dependent) associated with an
increased incidence adhesive capsulitis

Chen [43] 2017 case control 42 50 peripheral blood samples
- ELISA

IL-1β was expressed at higher levels in frozen shoulder patients and
is associated with susceptibility of frozen shoulder

Holte [44] 2017 case control 100 73 skin biopsies - liquid
chromatography mass
spectometry

Joint stiffness was associated with long term HbA1c and AGEs

Schiefer [45] 2017 case control 93 151 peripheral blood samples Hypothyroidism was significantly more prevalent in frozen shoulder
patients than in controls. A correlation between TSH levels with the
severity of frozen shoulders was suggested

Gumina [46] 2018 prospective
observational

27 genome
database

peripheral blood samples
- PCR

APO-A1-G75A lipoprotein polymorfism was found as a risk factor for
the severity of frozen shoulder

Kalson [47] 2018 cohort 549 5989 (Twins UK
registry)

qPCR Frozen shoulder patients had a significant relation with telomere
length. It is suggested that telomere repair defects contribute to joint
fibrosis

Park [48] 2018 case control 37 222 peripheral blood samples Inflammatory lipoproteins are associated with adhesive capsulitis
accompanied by diabetes

Cohen [49] 2019 case control 186 600 peripheral blood samples
- genotyping

Certain genetic variants, SNPs of MMP13, MMP 9 and TGFβ1 were
identified as independent risk factors for frozen shoulder

PCR polymerase chain reaction, ELISA enzyme linked immune sorbent assay, TGF-β transforming growth factor beta, AGE advanced glycation end
product, MMP matrix metalloproteinase, TIMP tissue Inhibitor of Metallo Proteinases, TSH thyroid stimulating hormone, SNP single nucleotide
polymorphism, IL-1β Interleukin-1β

Table 3 Animal studies; animal studies with the specific aim to investigate the pathophysiology of frozen shoulder

Author Year Study Design Method used for
analysis

Most relevant findings

Watson
[50]

2011 animal model
(rats)

RT-PCR TGF-β1 gene transfer induced a fibrotic condition comparable to frozen shoulder
patients with similar expression levels of ECM proteins, MMPs, adhesion- and
collagen proteins

Xue [51] 2016 animal model
(rats) + cell culture

RT-PCR and gene
silencing with a lentivirus

Smad4 silencing can suppress chronic inflammation and fibrosis in joint tissue by
inhibiting the TGF-β/Smad pathway

Blessing
[52]

2019 animal model
(rats) + cell culture

immunohistochemistry Local delivery of Relaxin-2 downregulates type I collagen and α-smooth muscle
actin production

CHL coracohumeral ligament, RI rotator interval RT-PCR real time polymerase chain reaction, TGF-β transforming growth factor beta, ECM extracellular matrix,
MMP matrix metalloproteinase, α-SMA α - smooth muscle actin
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using a smooth muscle type actin/myosin complex.
Vimentin, a cytocontractile protein and marker for con-
tractility, has been shown to be overexpressed in capsu-
lar biopsies of FS patients [69]. Interestingly, although
fibroplasia has been shown to occur in the entire joint
capsule in FS, capsular contracture measured by

vimentin staining was more pronounced anteriorly com-
pared to posteriorly [70].
Transforming growth factor-β one (TGF-β1), and

mechanical stress are two important factors contributing
to contractility of fibroblasts [71]. TGF-β1, an inflamma-
tory cytokine, is present in a lot of tissues throughout

Fig. 2 Schematic drawing stages FS
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the human body, and can be secreted by parenchymal
cells, epithelial cells, fibroblasts and by influxing immune
cells [72]. The TGF-β1 signaling pathway is believed to
have a central role in fibrotic diseases [51, 73]. TGF-β1
has been shown to stimulate contractility of fibroblasts
in-vitro collagen gels and can be seen as a potent activa-
tor of myofibroblasts [74, 75]. The expression of TGF-β1
and its receptor is increased in biopsies of the joint cap-
sule in FS patients [76]. Besides stimulating myofibro-
blast differentiation, TGF-β1 also influences ECM
turnover by promoting collagen synthesis. Certain gen-
etic variants of genes for the TGF-β pathway and MMPs
could be identified as risk factors for the susceptibility of
FS [49].
Besides chemical stimulation by cytokines like TGF-

β1, mechanical stress is also an important factor in tis-
sue fibrosis. Fibroblasts are mechano-responsive cells,
which means that they can ‘sense’ mechanical stress in
the ECM with their intracellular cytoskeleton, and their
differentiation in to myofibroblasts is stress dependent.
In-vitro studies showed that fibroblasts seem to have a
threshold for mechanical stress which needs to be
reached before they differentiate in to myofibroblasts
[77]. Furthermore, mechanical stress has the ability to
activate latent TGF-β1, hereby upregulating the process
of tissue fibrosis. So, both mechanical stress and TGF-β1
are two important closely interrelated factors in the
process of tissue fibrosis [78]. This process is actually a
self-reinforcing process. When the tissue gets stiffer, tis-
sue compliance decreases and the mechanical stress re-
corded by the fibroblasts increases inherently.

Chronic low-grade inflammation might predispose
to the development of FS
Several authors have hypothesized an association with a
chronic state of low grade inflammation which might
predispose to the development of FS [79]. Several associ-
ation studies support this theory [38, 40, 48]. Fasting
serum cholesterol, triglycerides and plasma glucose
levels are often elevated in FS [6, 80]. Inflammatory lipo-
proteins such as LDL and non-HDL, associated with vas-
cular inflammation and immune reactions, are known
risk factors for atherosclerosis. However, these inflam-
matory lipoproteins have also been identified as inde-
pendent risk factors for FS [48, 81]. Vascular endothelial
cell activation is accompanied by increased expression of
intercellular adhesion molecule-1 (ICAM-1), a well-
established marker of chronic inflammation. It has also
been shown that ICAM-1 levels are elevated in the joint
capsule and synovial fluid of FS patients compared to
controls [82]. Similar to ICAM-1, is TIMP associated
with chronic inflammation. Diabetes mellitus (DM), car-
diovascular disorders and thyroid disorders are condi-
tions associated with chronic inflammation and

increased levels of similar pro-inflammatory cytokines as
are found in FS. This is, at least partially, an explanation
why DM and thyroid disorders are strong risk factors for
the development of FS, and supports the theory of a
chronic state of low-grade inflammation as a predispos-
ing factor in the etiology of FS [83].

An early inflammatory response at the onset of FS
Traditionally, fibroblasts are known for their structural
role in the synthesis and remodeling of ECM in connect-
ive tissue. However, fibroblast can also act like sentinel
cells involved in immune responses, and thereby modu-
late the recruitment of immune cells and regulate their
behavior [30, 84]. A chronic inflammatory cell infiltrate
with mast cells, macrophages, B- and T-cells has been
shown to be present in rotator interval biopsies from FS
patients [85]. Recent publications suggest that an im-
mune response with an overexpression of inflammatory
cytokines is one of the first steps in the development of
a FS, preceding the cascade of tissue fibrosis [21, 86].
Cytokines can regulate proliferation, activation and dif-
ferentiation of fibroblasts, hereby dysregulating collagen
synthesis [87]. Multiple studies have shown increased
levels of pro-inflammatory cytokines such as TGF-β1,
tumor necrosis factor-α (TNF- α), Interleukin-1 and -6
(IL-1, IL-6) and platelet derived growth factor (PDGF) in
joint fluid and capsular tissue in FS [7, 21, 86]. Interest-
ingly, increased levels of cytokines were also found in
the subacromial bursa in FS patients [21]. When in-vitro
cultured fibroblasts are stimulated with joint aspirates of
FS patients, fibroblast proliferation was markedly ele-
vated [36]. Furthermore, when fibroblasts were being ac-
tivated, the inflammatory response was enhanced [88]. A
recent study confirmed an elevated level of fibroblast ac-
tivation markers in capsular tissue biopsies of FS pa-
tients compared to controls [30]. Persistent fibroblast
activation is a potential cellular mechanism of symptoms
of a prolonged frozen stage in FS.
Cytokine release and fibroblast activation is not the

first step in the inflammatory response. Capsular biop-
sies of FS patients have shown elevated levels of several
alarmins including High Mobility Group Box 1
(HMGB1) proteins, compared with controls [89]. Alar-
mins, or Damage-Associated Molecular Pattern (DAMP)
molecules, are signal molecules released when cells are
distressed, injured or ‘in danger’. Alarmins are the early
activators of the immune system and have a role in amp-
lifying the inflammatory response in many inflammatory
conditions [90]. HMGB1 can be released into the ECM
upon cell death or stress where it mediates an inflamma-
tory reaction. In-vitro cultured human dermal fibroblast
and lung fibroblasts stimulated by HMGB1 have been
shown to produce more TGF-β1, thereby activating the
TGF-β signaling pathway and subsequently significantly
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upregulate myofibroblast differentiation. And more,
HMGB1 has the ability to bind to the receptor of AGE
(Advanced Glycation End products) and to activate a
pro-inflammatory response through the Nuclear Factor
κB (NF-κB) pathway inducing TGF-β1 release [91, 92].
Although an elevated level of alarmins in frozen shoul-
der capsular biopsies might be quite an aspecific finding,
this is an indication that an inflammatory response has
an important role at the onset of the pathophysiologic
process of FS, triggering the inflammatory cascade lead-
ing to tissue fibrosis.

The implications of hyperglycaemia in FS
The lifetime prevalence of FS in diabetic patients is with
10–30% much higher than 2–5% in the general popula-
tion [93–95]. The higher the cumulative hemoglobin A1c

level, the higher the incidence of FS [96]. FS tends to be
prolonged and more refractory to conservative treatment
in diabetics [97]. The exact mechanism behind this is
most likely multifactorial. Several authors have hypothe-
sized an important role for AGEs. AGEs are formed by a
process called non-enzymatic glycation when glucose
forms covalent adducts with proteins, caused by oxida-
tive stress. When AGEs bond to long-lived proteins they
cannot be degraded by normal remodeling, and accumu-
late in connective tissue. This is a normal process which
happens progressively with aging, can be slowed down
by endurance training, but is accelerated in patients with
DM [98]. A particular non-enzymatic ‘AGE’ reaction of
interest is the alteration of collagen proteins by cross-
linking [26, 99]. Excessive levels of AGEs can lead to
pathological collagen crosslinking and structural changes
in the tissue, making the tissue less compliant [100]. The
level of AGEs has been shown to be significantly higher
in capsular tissue samples of FS patients compared to
controls [26]. AGEs have also been shown to decrease
the expression of MMPs and increasing TIMP expres-
sion in diabetic nephropathy, similar to the pathogenic
mechanism of imbalance in ECM turnover in FS [101].
And more, it has been shown in diabetic retinopathy
and nephropathy that AGEs accumulation can lead to
an increased expression of basic fibroblast growth factor
and upregulation of the expression of profibrotic cyto-
kines as TGF-β1, PDGF and connective tissue growth
factors [102]. It is hypothesized that these pro-fibrotic
actions of AGEs also have their role in the pathophysi-
ology of FS, and are part of the explanation why FS in
diabetic patients have a tendency to be refractory [26].

Discussion
It is outlined in this review that the pathophysiology of
frozen shoulder is a rather complex process. It involves
an early inflammatory response, production of pro-
inflammatory cytokines, enhanced fibroblast

proliferation, activation and differentiation into myofi-
broblasts, and an imbalance in ECM turnover with an
abundance of disorganized collagen III deposition
(Fig. 3). It is clear that there are a lot of factors involved,
and we have most likely not identified all related factors
yet. There are some important questions that remain
unanswered.

What triggers the onset of a FS?
As with many diseases, it is still unclear what triggers
the onset of the disease. Microtrauma has been sug-
gested as a trigger, although this is hard to support with
evidence [103]. With the identification of predisposing
factors we do get a better understanding of the etiology.
An increasing amount of evidence supports a chronic
state of low-grade inflammation as an important predis-
posing factor for the development of FS [46, 48, 79, 81,
104]. Markers of chronic inflammation (ICAM-1, TIMP)
are elevated in FS patients, and pro-inflammatory lipo-
proteins are significant risk factors for FS, similar to pa-
tients with cardiovascular disease or metabolic syndrome
[48, 82]. The incidence of FS is so much higher in pa-
tients with DM and thyroid disorders, since these condi-
tions are associated with a chronic state of inflammation
[20, 83]. Even depressive personality traits are sometimes
linked to FS, and depression is also associated with en-
hanced inflammatory cytokine levels [105]. It seems
plausible that female hormones might be related in this
context, since the peak incidence of FS is in perimeno-
pausal women. However, a clear explanation, or a direct
relationship between female hormones and FS was not
found in the current literature.

Why only the shoulder?
How is it possible that FS is a condition unique for the
shoulder without similar conditions in other joints?
Pietrzak et al. hypothesized an evolutionary explanation
[104]. The ability to throw accurately and forcefully is an
important ability acquired during human evolution.
Therefore, the shoulder is built for elastic energy storage
and generation of maximal shoulder external rotation
[106]. In our modern sedentary lifestyle without the
need for throwing or overhead activities, parts of the an-
terior shoulder capsule and ligaments are probably not
being exercised or stretched sufficiently. This makes the
(anterior) shoulder capsule and ligaments probably more
susceptible to oxidative stress, related to cytokine pro-
duction and the formation of AGEs [104]. Although it is
uncertain how much of this is true, this could potentially
explain why FS is seen less frequently in manual la-
borers, and why the dominant side seems less likely to
be involved [2, 4, 103, 107].
It is debatable whether FS is truly unique to shoulders.

Is the capsule of the shoulder so much different to that
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of other joints? The joint capsule has to be compliant
and allows the widest range of motion of all our joints.
Is this why shoulder fibroblasts are more ‘sensitive’ to in-
flammation or mechanical stress? There is some litera-
ture about a similar condition in hips, ankles and also
knees. However, the currently available literature are
mainly case reports of conditions seldomly seen in clin-
ical practice [108, 109]. Contractures with fibrosis do
occur frequently mainly in knees and elbows, but with-
out the potential for spontaneous recovery as FS has.
We did try to find clues why and how the reversibility
happens in FS, but we are not able to find an answer to
this question. Apoptosis of the myofibroblasts is prob-
ably what occurs in the final stage of the condition, this
is how they normally disappear from granulation tissue
after wound healing [11, 25].

Clinical implications and potential future treatment
strategies
Physiotherapy and corticosteroids are the most widely
used treatment modalities in FS. There is reasonable evi-
dence for the use of intra-articular corticosteroids in the
treatment of FS [110]. Corticosteroids have a general
suppressive effect on the inflammatory response and
hampers the differentiation of fibroblasts into myofibro-
blasts. Evidence of less α-SMA staining was found, indi-
cating less myofibroblasts, in capsular biopsies in
patients treated with corticosteroid injections compared
to patients without corticosteroids [25]. One can also

understand that the earlier in the disease process the
corticosteroid injection is administered, the greater the
effect on the clinical symptoms. Corticosteroids can sup-
press the inflammatory response, but they cannot re-
verse the fibrotic changes later on in the cascade. When
administered in the frozen stage later on, the effect of
corticosteroids is usually more temporarily [111].
The negative effect of physiotherapy including

mobilization techniques beyond the threshold of pain
early on in the disease is explained by the mechanosensi-
tive properties of the fibroblasts [112]. It is hypothesized
that the inflammatory response is probably sensitizing
the fibroblasts more to mechanical stress. On the other
hand, stretching exercises up to a tolerable level of pain
resulted in an increase in MMP/TIMP ratio, hereby fa-
voring collagen remodeling and was found to be super-
ior to supervised neglect in the study of Lubis et al. [37]
Some mechanical stress is apparently necessary for the
remodeling of ECM, especially in the later stage of the
condition. This is why tissue irritability, guiding treat-
ment intensity, is implemented in physiotherapy guide-
lines for the treatment of FS [113].
More advanced treatment strategies have been sug-

gested to intervene with the inflammation-fibrosis cas-
cade in different ways. The TGF-β pathway was
interrupted by silencing the Smad4 gene in rats with a
FS induced by immobilization, through transfection with
a lentivirus [51]. Smad proteins are mediators in the
TGF-β signaling cascade. Silencing of this gene

Fig. 3 Diagram pathophysiology of FS

Kraal et al. Journal of Experimental Orthopaedics            (2020) 7:91 Page 10 of 15



suppressed the TGF-β pathway, impairing the inflamma-
tory response and myofibroblast differentiation. The rats
with the silenced Smad4 gene had better shoulder range
of motion and an increased joint volume compared to
rats without Smad4 silencing [51]. Systemic inhibition of
TGF-β might have unwanted side effects since it is also
an important cytokine for connective tissue homeostasis
involved in the proliferation epithelial cells, endothelial
cells and immune cells [78]. However, TGF-β inhibitors
with low toxicity is a field of intense research. There are
now clinical trials with TGF-β inhibitors in cancer pa-
tients [114]. Glenohumeral intra-articular infiltration of
a TGF-β inhibitor, hereby minimizing systemic effects,
could perhaps be a promising suggestion to intervene
early on in FS.
Calcitonin was more or less accidentally discovered as

a treatment agent for FS when postmenopausal women
with FS were treated with calcitonin for osteoporosis
[33]. Their FS symptoms improved significantly after the
use of a nasal calcitonin spray. Calcitonin is a hormone,
secreted by the thyroid, known to inhibit osteoclast ac-
tivity and lowering the kidney excretion of calcium. The
presence of abundant calcitonin receptors in fibroblasts
of the shoulder synovium and capsule could be con-
firmed with immunohistochemistry. Cultured fibroblast
from FS patient stimulated with salmon calcitonin
showed a significant decrease in the production of colla-
gen type I and III. Synthesis of TGF-beta1 mRNA was
suppressed by salmon calcitonin, and the adhesion abil-
ity of the fibroblasts decreased with if treated with sal-
mon calcitonin. Apoptosis of the cultured fibroblasts
could even be induced with high levels of salmon calci-
tonin. The efficacy of nasal calcitonin spray was demon-
strated in a placebo controlled double blind randomized
trial [115]. This might also explain why patients with
thyroid disorders have an increased risk of FS, since
hypothyroidism and auto-immune thyroiditis can be ac-
companied by calcitonin deficiency [116, 117].
Intra-articular injections with human recombinant

relaxin-2 is suggested as a potential agent for the treat-
ment of FS [52]. Relaxin-2 is known because it is tempor-
arily elevated to soften the cervix during child birth. In an
animal study with in vitro cultured fibroblasts Relaxin-2
has been shown to up regulate MMP production, and to
down regulate collagen production and expression of
TIMP and TGFB-1. This results in a net breakdown of
ECM proteins. Furthermore, Relaxin-2 seems to prevent
fibroblast differentiation into myofibroblasts. The safety
and efficacy still has to be investigated in a human clinical
trial. Lee et al. suggested HMGB1 as a therapeutic target
and Hinz et al. suggested to target the stress sensors of the
fibroblasts, hereby rendering them blind for mechanical
stress [78, 91]. However, to what extend these options are
realistic and safe options in the near future is unclear.

Limitations
The search strategy for this scoping review was designed
to keep our scope wide to make sure that all available
relevant articles are included. A limitation is that the
main selection criteria for this scoping review (a sub-
stantial focus on pathophysiology of FS) is subjective.
Furthermore, the pathophysiologic findings are
dependent on the stage of the condition and most of the
current research data comes from patients with a refrac-
tory frozen stage. To make progress in our understand-
ing of the onset of FS, it might be necessary to include
patients early on in the freezing stage in research with
histological and immunological analysis.

Remarks for the future
There are some considerable clinical challenges for
healthcare professionals dealing with FS patients. Based
on just history and physical examination, it is impossible
to predict what the natural course of a FS in an individ-
ual patient will be. This is relevant information, not only
to inform the patient, but also for shared decision mak-
ing on when to intervene. Research on prognostic factors
for FS is surprisingly scarce. A worse prognosis can be
expected in patients with DM and with severe symptoms
on presentation [118]. Age over 60 has shown to be a
favourable prognostic factor and gender is not correlated
with the prognosis [97]. Immunological research seems
crucial to get a better understanding of the individual
variety in natural history of a FS. Perhaps immune com-
position in biopsies or biomarkers in synovial fluid can
be used as prognostic factors to predict the natural
course of FS. Collaboration of orthopedic surgeons with
immunologists and rheumatologists is essential in order
to move forward in this field of research.

Conclusions
The complexity of the pathophysiology of FS is outlined
in this review. A state of low grade inflammation, as is
associated with DM, cardiovascular disease and thyroid
disorders, predisposes for the development of FS. An
early immune response with elevated levels of alarmins
such as HMGB1 and binding to the receptor of AGE
starts the cascade of inflammation. Activation of the NF-
κB pathway together with mechanical stress stimulates
release of inflammatory cytokines, of which TGF-β has a
prominent role. Fibroblasts proliferate, become activated
and differentiate into myofibroblasts. This results in an
imbalance of ECM turnover and a stiff and thickened
glenohumeral capsule with abundance of type III colla-
gen. Based on the pathophysiologic mechanism in FS it
can be explained why intra-articular corticosteroid injec-
tions should be used early on in the condition and why
the intensity of physiotherapy should be guided by tissue
irritability. Leads are provided to progress with research
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for clinically important prognostic markers and in search
for early interventions in FS.

Abbreviations
ACIC: Acid sensing ion channel; α-SMA: Alfa smooth muscle actin;
AGE: Advanced Glycation End products; CHL: Coracohumeral ligament;
DAMP: Damage-associated molecular pattern; DM: Diabetes mellitus;
ECM: Extracellular matrix; FDG-PET CT: Fluorodeoxyglucose positron emission
tomography/computed tomography; FS: Frozen shoulder; HDL: High density
lipoprotein; HMGB1: High mobility group box 1; ICAM-1: Intercellular
adhesion molecule-1; IL: Interleukin; LDL: Low density lipoprotein;
MMP: Matrix Metallo Proteinases; PDGF: Platelet derived growth factor;
RI: Rotator interval; RT-PCR: Real time polymerase chain reaction; TGF-
β: Transforming growth factor-beta; TIMP: Tissue Inhibitor of Metallo
Proteinases; TNF-α: Tumor necrosis factor alfa; VEGF: Vascular endothelial
growth factor

Acknowledgements
This study was supported by ReumaNederland (grant 2019-1-675111)(JL).

Authors’ contributions
Each author believes that the manuscript represents honest work and that
each author substantially contributed to the manuscript. TK is the initiator of
this manuscript and drafted the manuscript. JL contributed substantially to
this manuscript, mainly related to the immunological content and
participated in the creation of the figures. MvdB contributed substantially to
obtain all relevant articles for this review and revised the manuscript critically
for important intellectual content. JA was involved in linking and translating
the pathophysiological mechanisms to clinical relevant information for
healthcare professionals. YvK revised the manuscript for important
intellectual content. DE was involved in the conception of this work and
revised the manuscript for important intellectual content. RK was involved in
the conception of this work and initiated collaboration with the department
of Molecular cell biology and Immunology. The authors read and approved
the final manuscript.

Funding
One of the authors (JL) is financially supported by ReumaNederland (grant
2019–1-675111).
Costs of open access publication was supported by the Amphia Scientific
Institute.

Ethics approval and consent to participate
No ethical approval or informed consent statement is applicable for this
manuscript

Competing interests
Dr. Eygendaal reports personal fees from speaker AO, personal fees from
consultant LIMA corporate, other from institutional research grant zimmer
biomet, other from institutional research grant Stryker, other from
institutional research grant Matthys, outside the submitted work;
Dr. Lubbers reports grants from Dutch Arthritis Society, during the conduct
of the study;

Author details
1Department of Orthopaedic Surgery, Spaarne Gasthuis, Hoofddorp, the
Netherlands. 2Haarlem, The Netherlands. 3Department of Molecular cell
biology and Immunology, Amsterdam University Medical Centre,
Amsterdam, the Netherlands. 4Department of Orthopaedic Surgery, OLVG,
Amsterdam, the Netherlands. 5Avans University of Applied Science, Breda,
The Netherlands. 6Department of Orthopaedic Surgery, Amsterdam
University Medical Centre, Amsterdam, the Netherlands. 7Department of
Orthopaedic Surgery, Deventer Hospital, Deventer, the Netherlands.

Received: 7 September 2020 Accepted: 2 November 2020

References
1. Robinson CM, Seah KTM, Chee YH, Hindle P, Murray IR (2012) Frozen

shoulder. J Bone Joint Surg Br 94:1–9

2. Griggs SM, Ahn A, Green A (2000) Idiopathic adhesive capsulitis. A
prospective functional outcome study of nonoperative treatment. J Bone
Joint Surg Am 82-A:1398–1407

3. Hand C, Clipsham K, Rees JL, Carr AJ (2008) Long-term outcome of frozen
shoulder. J Shoulder Elb Surg 17:231–236

4. Shaffer B, Tibone JE, Kerlan RK (1992) Frozen shoulder. A long-term follow-
up. J Bone Joint Surg Am 74:738–746

5. Hannafin J, DiCarlo E, Wickiewicz T (1994) Adhesive capsulitis: capsular
fibroplasia of the glenohumeral joint. J Shoulder Elb Surg 3:S1–S16

6. Bunker TD, Anthony PP (1995) The pathology of frozen shoulder. A
Dupuytren-like disease. J Bone Joint Surg Br 77:677–683

7. Rodeo SA, Hannafin JA, Tom J, Warren RF, Wickiewicz TL (1997)
Immunolocalization of cytokines and their receptors in adhesive capsulitis
of the shoulder. J Orthop Res 15:427–436

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

9. Ryu J-D, Kirpalani PA, Kim J-M, Nam K-H, Han C-W, Han S-H (2006)
Expression of vascular endothelial growth factor and angiogenesis in the
diabetic frozen shoulder. J Shoulder Elb Surg United States 15:679–685

10. Hand GCR, Athanasou NA, Matthews T, Carr AJ (2007) The pathology of
frozen shoulder. J Bone Joint Surg Br 89-B:928–932

11. Kilian O, Pfeil U, Wenisch S, Heiss C, Kraus R, Schnettler R (2007) Enhanced
alpha 1(I) mRNA expression in frozen shoulder and dupuytren tissue. Eur J
Med Res England 12:585–590

12. Uhthoff HK, Boileau P (2007) Primary frozen shoulder: global capsular
stiffness versus localized contracture. Clin Orthop Relat Res:79–84

13. DePalma AF (2008) The classic. Loss of scapulohumeral motion (frozen
shoulder). Ann Surg. 1952;135:193-204. Clin Orthop Relat Res United States
466:552–560

14. Kanbe K, Inoue K, Inoue Y, Chen Q (2009) Inducement of mitogen-activated
protein kinases in frozen shoulders. J Orthop Sci K. Kanbe, Department of
Orthopaedic Surgery, Tokyo Women’s Medical University, medical center
east, 2-1-10 Nishiogu, Arakawa, Tokyo 116-8567, Japan 14:56–61

15. Li HY, Chen SY, Zhai WT, Chen JW (2009) Expression of transforming growth
factor-beta and metalloproteinases in joint capsule of frozen shoulder. J
Shanghai Jiaotong Univ 29:1363

16. Kabbabe B, Ramkumar S, Richardson M (2010) Cytogenetic analysis of the
pathology of frozen shoulder. Int J Shoulder Surg South Afr 4:75–78

17. Nago M, Mitsui Y, Gotoh M, Nakama K, Shirachi I, Higuchi F, Nagata K (2010)
Hyaluronan modulates cell proliferation and mRNA expression of adhesion-
related procollagens and cytokines in glenohumeral synovial/capsular
fibroblasts in adhesive capsulitis. J Orthop Res United States 28:726–731

18. Hagiwara Y, Ando A, Onoda Y, Takemura T, Minowa T, Hanagata N, Tsuchiya
M, Watanabe T, Chimoto E, Suda H, Takahashi N, Sugaya H, Saijo Y, Itoi E
(2012) Coexistence of fibrotic and chondrogenic process in the capsule of
idiopathic frozen shoulders. Osteoarthr Cartil England 20:241–249

19. Xu Y, Bonar F, Murrell GAC (2012) Enhanced expression of neuronal proteins in
idiopathic frozen shoulder. J Shoulder Elb Surg United States 21:1391–1397

20. Kim Y-S, Kim J-M, Lee Y-G, Hong O-K, Kwon H-S, Ji J-H (2013) Intercellular
adhesion molecule-1 (ICAM-1, CD54) is increased in adhesive capsulitis. J
Bone Joint Surg Am United States 95:e181–e188

21. Lho Y-M, Ha E, Cho C-H, Song K-S, Min B-W, Bae K-C, Lee K-J, Hwang I, Park
H-B (2013) Inflammatory cytokines are overexpressed in the subacromial
bursa of frozen shoulder. J Shoulder Elb Surg 22:666–672

22. Raykha CN, Crawford JD, Burry AF, Drosdowech DS, Faber KJ, Gan BS,
O’Gorman DB (2014) IGF2 expression and beta-catenin levels are increased
in frozen shoulder syndrome. Clin Invest Med Canada 37:E262–E267

23. Cho CH, Lho YM, Ha E, Hwang I, Song KS, Min BW, Bae KC, Kim DH (2015)
Up-regulation of acid-sensing ion channels in the capsule of the joint in
frozen shoulder. Bone Jt J 97-B:824–829

24. Cohen C, Leal MF, Belangero PS, Figueiredo EA, Smith MC, Andreoli CV, de
Castro PA, Cohen M, Ejnisman B, Faloppa F (2016) The roles of Tenascin C
and Fibronectin 1 in adhesive capsulitis: a pilot gene expression study.
Clinics (Sao Paulo) Brazil 71:325–331

25. Hettrich CM, DiCarlo EF, Faryniarz D, Vadasdi KB, Williams R, Hannafin JA
(2016) The effect of myofibroblasts and corticosteroid injections in adhesive
capsulitis. J Shoulder Elb Surg United States 25:1274–1279

26. Hwang KR, Murrell GAC, Millar NL, Bonar F, Lam P, Walton JR (2016)
Advanced glycation end products in idiopathic frozen shoulders. J shoulder
Elb Surg United States 25:981–988

Kraal et al. Journal of Experimental Orthopaedics            (2020) 7:91 Page 12 of 15



27. Cui J, Zhang T, Xiong J, Lu W, Duan L, Zhu W, Wang D (2017) RNAsequence
analysis of samples from patients with idiopathic adhesive capsulitis. Mol
Med Rep Greece 16:7665–7672

28. Cher JZB, Akbar M, Kitson S, Crowe LAN, Garcia-Melchor E, Hannah SC,
McLean M, Fazzi UG, Kerr SC, Murrell GAC, Millar NL (2018) Alarmins in
frozen shoulder: a molecular association between inflammation and pain.
Am J Sports Med United States 46:671–678

29. Hagiwara Y, Mori M, Kanazawa K, Ando A, Yabe Y, Koide M, Sekiguchi T,
Itaya N, Tsuchiya M, Itoi E (2018) Comparative proteome analysis of the
capsule from patients with frozen shoulder. J shoulder Elb Surg United
States 27:1770–1778

30. Akbar M, McLean M, Garcia-Melchor E, Crowe LAN, McMillan P, Fazzi UG,
Martin D, Arthur A, Reilly JH, McInnes IB, Millar NL (2019) Fibroblast
activation and inflammation in frozen shoulder. PLoS One 14:1–16

31. Cho C-H, Lho Y-M, Hwang I, Kim DH (2019) Role of matrix
metalloproteinases 2 and 9 in the development of frozen shoulder: human
data and experimental analysis in a rat contracture model. J shoulder Elb
Surg United States 28:1265–1272

32. Kamal N, McGee S, Eng K, Brown G, Beattie S, Collier F, Gill S, Page R (2020)
Transcriptomic analysis of adhesive capsulitis of the shoulder. J Orthop
ResWiley 0–2

33. Yang R, Deng H, Hou J, Li W, Zhang C, Yu M, Tang Y, Li Q, Li F, Song B,
Zhang Z, Jiang C, Shen H (2020) Investigation of salmon calcitonin in
regulating fibrosis-related molecule production and cell-substrate adhesion
in frozen shoulder synovial/capsular fibroblasts. J Orthop Res United States
38:1375–1385

34. Yano T, Hagiwara Y, Ando A, Kanazawa K, Koide M, Sekiguchi T, Itaya N,
Onoki T, Suzuki K, Tsuchiya M, Sogi Y, Yabe Y, Itoi E (2020) RAGE-dependent
NF-kB inflammation processes in the capsule of frozen shoulders. J Shoulder
Elb Surg Elsevier Inc:1–8

35. Bunker TD, Esler CN (1995) Frozen shoulder and lipids. J Bone Joint Surg Br
England 77:684–686

36. Mullett H, Byrne D, Colville J (2007) Adhesive capsulitis: human fibroblast
response to shoulder joint aspirate from patients with stage II disease. J
shoulder Elb Surg United States 16:290–294

37. Lubis AMT, Lubis VK (2013) Matrix metalloproteinase, tissue inhibitor of
metalloproteinase and transforming growth factor-beta 1 in frozen
shoulder, and their changes as response to intensive stretching and
supervised neglect exercise. J Orthop Sci 18:519–527

38. Austin DC, Gans I, Park MJ, Carey JL, Kelly JD (2014) The association of
metabolic syndrome markers with adhesive capsulitis. J Shoulder Elb Surg
23:1043–1051

39. Huang S-W, Lin J-W, Wang W-T, Wu C-W, Liou T-H, Lin H-W (2014)
Hyperthyroidism is a risk factor for developing adhesive capsulitis of the
shoulder: a nationwide longitudinal population-based study. Sci Rep
England 4:4183

40. Sung C-M, Jung TS, Park H Bin (2014) Are serum lipids involved in primary
frozen shoulder? A case-control study. J Bone Joint Surg Am United States
96:1828–1833

41. Booker SJ, Boyd M, Gallacher S, Evans JP, Auckland C, Kitson J, Thomas W,
Smith CD (2017) The colonisation of the glenohumeral joint by
Propionibacterium acnes is not associated with frozen shoulder but is more
likely to occur after an injection into the joint. Bone Joint J England 99-B:
1067–1072

42. Chan JH, Ho BS, Alvi HM, Saltzman MD, Marra G (2017) The relationship
between the incidence of adhesive capsulitis and hemoglobin a(1c). J
shoulder Elb Surg United States 26:1834–1837

43. Chen W, Meng J, Qian H, Deng Z, Chen S, Xu H, Sun W, Wang Y, Zhao J,
Bao N (2017) A study of IL-1beta, MMP-3, TGF-beta1, and GDF5
polymorphisms and their association with primary frozen shoulder in a
Chinese Han population. Biomed Res Int United States 2017:3681645

44. Holte KB, Juel NG, Brox JI, Hanssen KF, Fosmark DS, Sell DR, Monnier VM,
Berg TJ (2017) Hand, shoulder and back stiffness in long-term type 1
diabetes; cross-sectional association with skin collagen advanced glycation
end-products. The Dialong study. J Diab Compli United States 31:1408–1414

45. Schiefer M, Teixeira PFS, Fontenelle C, Carminatti T, Santos DA, Righi LD,
Conceicao FL (2017) Prevalence of hypothyroidism in patients with frozen
shoulder. J Shoulder Elb Surg United States 26:49–55

46. Gumina S, Candela V, Castagna A, Carnovale M, Passaretti D, Venditto T,
Giannicola G, Villani C (2018) Shoulder adhesive capsulitis and

hypercholesterolemia: role of APO A1 lipoprotein polymorphism on
etiology and severity. Musculoskelet Surg Italy 102:35–40

47. Kalson NS, Brock TM, Mangino M, Fabiane SM, Mann DA, Borthwick LA,
Deehan DJ, Williams FMK (2018) Reduced telomere length is associated
with fibrotic joint disease suggesting that impaired telomere repair
contributes to joint fibrosis. PLoS One 13:e0190120

48. Bin PH, Gwark J-Y, Jung J (2018) What serum lipid abnormalities are
associated with adhesive capsulitis accompanied by diabetes? Clin Orthop
Relat Res United States 476:2231–2237

49. Cohen C, Leal MF, Loyola LC, Santos SEB, Ribeiro-dos-Santos ÂKC, Belangero
PS, Figueiredo EA, Wajnsztejn A, de Oliveira AM, Smith MC, Andreoli CV, de
Castro PA, Cohen M, Ejnisman B, Faloppa F (2019) Genetic variants involved
in extracellular matrix homeostasis play a role in the susceptibility to frozen
shoulder: a case-control study. J Orthop Res 37:948–956

50. Watson RS, Levings PP, Wright T, Ghivizzani SC (2011) A model of
arthrofibrosis using intraarticular gene delivery of transforming growth
factor-beta1. J Cell Commun Signal R.S. Watson, Orthopaedics and
rehabilitation, University of Florida, Gainesville, FL, United States 5:268–269

51. Xue M, Gong S, Dai J, Chen G, Hu J (2016) The treatment of fibrosis of joint
Synovium and frozen shoulder by Smad4 gene silencing in rats. PLoS One
United States 11:e0158093

52. Blessing WA, Okajima SM, Cubria MB, Villa-Camacho JC, Perez-Viloria M,
Williamson PM, Sabogal AN, Suarez S, Ang L-H, White S, Flynn E, Rodriguez
EK, Grinstaff MW, Nazarian A (2019) Intraarticular injection of relaxin-2
alleviates shoulder arthrofibrosis. Proc Natl Acad Sci U S A 116:12183–12192

53. Luke TA, Rovner AD, Karas SG, Hawkins RJ, Plancher KD (2004) Volumetric
change in the shoulder capsule after open inferior capsular shift versus
arthroscopic thermal capsular shrinkage: a cadaveric model. J Shoulder Elb
Surg 13:146–149

54. Binder AI, Bulgen DY, Hazleman BL, Tudor J, Wraight P (1984) Frozen
shoulder: an arthrographic and radionuclear scan assessment. Ann Rheum
Dis 43:365–369

55. Chung SG, Lee KJ, Kim HC, Seo KS, Lee YT (2009) Intra-articular pressure
profiles of painful stiff shoulders compared with those of other conditions.
PM R Am Acad Phys Med Rehabil 1:297–307

56. Lee SY, Lee KJ, Kim W, Chung SG (2015) Relationships between capsular
stiffness and clinical features in adhesive capsulitis of the shoulder. PM R
Am Acad Phys Med Rehabil 7:1226–1234

57. Resnik C, Fronek J, Frey C, Dershuni D, Resnick D (1984) Intra-articular
pressure determination during glenohumeral joint arthrography. Investig
Radiol 19:45–50

58. Itoi E, Arce G, Bain GI, Diercks RL, Guttmann D, Imhoff AB, Mazzocca AD,
Sugaya H, Yoo Y-S (2016) Shoulder stiffness: current concepts and concerns.
Arthroscopy United States 32:1402–1414

59. Neer CS, Satterlee CC, Dalsey RM, Flatow EL (1992) The anatomy and
potential effects of contracture of the coracohumeral ligament. Clin Orthop
Relat Res:182–185

60. Ozaki J, Nakagawa Y, Sakurai G, Tamai S (1989) Recalcitrant chronic adhesive
capsulitis of the shoulder. Role of contracture of the coracohumeral
ligament and rotator interval in pathogenesis and treatment. J Bone Joint
Surg Am 71:1511–1515

61. Sun Y, Liu S, Chen S, Chen J (2017) The Effect of Corticosteroid Injection
Into Rotator Interval for Early Frozen Shoulder: A Randomized Controlled
Trial. Am J Sports Med:036354651774417

62. Hagiwara Y, Ando A, Kanazawa K, Koide M, Sekiguchi T, Hamada J, Itoi E
(2018) Arthroscopic Coracohumeral ligament release for patients with
frozen shoulder. Arthrosc Tech The Authors 7:e1–e5

63. Tetro AM, Bauer G, Hollstien SB, Yamaguchi K (2002) Arthroscopic release of
the rotator interval and coracohumeral ligament: an anatomic study in
cadavers. Arthroscopy 18:145–150

64. Kim DH, Sung DH, Ga HY, Choi JY (2014) Metabolic patterns of the shoulder
joint on 18F-fluorodeoxyglucose positron emission tomography/computed
tomography in adhesive capsulitis. Ann Nucl Med Hindawi 28:136–144

65. Okuno Y, Oguro S, Iwamoto W, Miyamoto T, Ikegami H, Matsumura N
(2014) Short-term results of transcatheter arterial embolization for abnormal
neovessels in patients with adhesive capsulitis: a pilot study. J Shoulder Elb
Surg United States 23:e199–e206

66. DePalma AF (2008) The classic. Surgical anatomy of the rotator cuff and the
natural history of degenerative periarthritis. Surg Clin north am. 1963;43:
1507-1520. Clin Orthop Relat Res 466:543–551

Kraal et al. Journal of Experimental Orthopaedics            (2020) 7:91 Page 13 of 15



67. Ryan V, Brown H, Minns Lowe CJ, Lewis JS (2016) The pathophysiology
associated with primary (idiopathic) frozen shoulder: a systematic review.
BMC Musculoskelet Disord 17:340

68. Hutchinson JW, Tierney GM, Parsons SL, Davis TR (1998) Dupuytren’s disease
and frozen shoulder induced by treatment with a matrix metalloproteinase
inhibitor. J Bone Joint Surg Br England 80:907–908

69. Bunker TD (1997) Frozen shoulder: unravelling the enigma. Ann R Coll Surg
Engl England 79:210–213

70. Uhthoff HK, Boileau P (2007) Primary frozen shoulder: global capsular
stiffness versus localized contracture. Clin Orthop Relat Res United States
456:79–84

71. Tomasek JJ, Gabbiani G, Hinz B, Chaponnier C, Brown RA (2002)
Myofibroblasts and mechano: regulation of connective tissue remodelling.
Nat Rev Mol Cell Biol 3:349–363

72. Biernacka A, Dobaczewski M, Frangogiannis NG (2011) TFG-b signaling in
fibrosis. Growth Factors 29:196–201

73. Piersma B, Bank RA, Boersema M (2015) Signaling in fibrosis: TGF-β, WNT,
and YAP/TAZ converge. Front Med 2:1–14

74. Honda E, Yoshida K, Munakata H (2010) Transforming growth factor-beta
upregulates the expression of integrin and related proteins in MRC-5
human myofibroblasts. Tohoku J Exp Med 220:319–327

75. Kobayashi T, Kim H, Liu X, Sugiura H, Kohyama T, Fang Q, Wen F-Q, Abe S,
Wang X, Atkinson JJ, Shipley JM, Senior RM, Rennard SI (2014) Matrix
metalloproteinase-9 activates TGF-β and stimulates fibroblast contraction of
collagen gels. Am J Physiol Cell Mol Physiol 306:L1006–L1015

76. Hong-yun LI, Shi-yi CHEN, CJ ZHAI W-t (2009) Expression of transforming
growth factor-beta and metalloproteinases in joint capsule of frozen
shoulder. J Shanghai Jiaotong Univ:11

77. Arora PD, Narani N, Mcculloch CAG (1999) The Compliance of Collagen Gels
Regulates Transforming Growth Factor. 154:1–12

78. Hinz B (2009) Tissue stiffness, latent TGF-β1.Pdf
79. Cucchi D, Marmotti A, De Giorgi S, Costa A, D’Apolito R, Conca M, Russo A,

Saccomanno MF, de Girolamo L (2017) Risk factors for shoulder stiffness:
current concepts. Joints Germany 5:217–223

80. Gumina S, Carbone S, Perugia D, Vestri AR, Postacchini F (2011) Shoulder
adhesive capsulitis in the early freezing phase: correlations between blood
exams and constant score. Musculoskelet Surg 95:37–42

81. Sung C-M, Tae Sik Jung, Park H Bin (2014) Are serum lipids involved in
primary frozen shoulder? Jbjs 96-A:1828–1833

82. Jublanc C, Beaudeux JL, Aubart F, Raphael M, Chadarevian R, Chapman MJ,
Bonnefont-Rousselot D, Bruckert E (2011) Serum levels of adhesion
molecules ICAM-1 and VCAM-1 and tissue inhibitor of metalloproteinases,
TIMP-1, are elevated in patients with autoimmune thyroid disorders:
relevance to vascular inflammation. Nutr Metab Cardiovasc Dis Elsevier Ltd
21:817–822

83. Blonna D, Fissore F, Bellato E, La Malfa M, Calò M, Bonasia DE, Rossi R,
Castoldi F (2017) Subclinical hypothyroidism and diabetes as risk factors for
postoperative stiff shoulder. Knee Surg Sport Traumatol Arthrosc Springer
Berlin Heidelberg 25:2208–2216

84. Van Linthout S, Miteva K, Tschöpe C (2014) Crosstalk between fibroblasts
and inflammatory cells. Cardiovasc Res 102:258–269

85. Hand GCR, Athanasou NA, Matthews T, Carr AJ (2007) The pathology of
frozen shoulder. J Bone Joint Surg Br England 89:928–932

86. Cho C-H, Song K-S, Kim B-S, Kim DH, Lho Y-M (2018) Biological aspect of
pathophysiology for frozen shoulder. Biomed Res Int United States 2018:7274517

87. Hwang KR, Murrell GAC, Millar NL (2017) Advanced glycation end products
in idiopathic frozen shoulders. 25:981–988

88. Filer A (2013) The fibroblast as a therapeutic target in rheumatoid arthritis.
Curr Opin Pharmacol 13:413–419

89. Cher JZB, Akbar M, Kitson S, Crowe LAN, Garcia-Melchor E, Hannah SC,
McLean M, Fazzi UG, Kerr SC, Murrell GAC, Millar NL (2017) Alarmins in
frozen shoulder: a molecular association between inflammation and pain.
Am J Sports Med 363546517741127

90. Taniguchi N, Kawakami Y, Maruyama I, Lotz M (2018) HMGB proteins and
arthritis. Hum Cell 31:1–9

91. Lee WJ, Song SY, Roh H, Ahn HM, Na Y, Kim J, Lee JH, Yun CO (2018)
Profibrogenic effect of high-mobility group box protein-1 in human dermal
fibroblasts and its excess in keloid tissues. Sci Rep Springer US 8:1–10

92. Wang Q, Wang J, Wang J, Hong S, Han F, Chen J, Chen G (2017) HMGB1
induces lung fbroblast to myofbroblast differentiation through NF-κB-
mediated TGF-β1 release. Mol Med Rep 15:3062–3068

93. Holte KB, Juel NG, Brox JI, Hanssen KF, Fosmark DS, Sell DR, Monnier VM,
Berg TJ (2017) Hand, shoulder and back stiffness in long-term type 1
diabetes; cross-sectional association with skin collagen advanced glycation
end-products. Dial Stud J Diab Compl United States 31:1408–1414

94. Vastamäki H, Ristolainen L, Vastamäki M (2016) Range of motion of diabetic
frozen shoulder recovers to the contralateral level. J Int Med Res 44:1191–
1199

95. Zreik NH, Malik RA, Charalambous CP (2016) Adhesive capsulitis of the
shoulder and diabetes: a meta-analysis of prevalence. Muscles Ligaments
Tendons J 6:26–34

96. Chan JH, Ho BS, Alvi HM, Saltzman MD, Marra G (2017) The relationship
between the incidence of adhesive capsulitis and hemoglobin A1c. J
Shoulder Elb Surg 26:1834–1837

97. Ando A, Sugaya H, Hagiwara Y, Takahashi N, Watanabe T, Kanazawa K, Itoi E
(2013) Identification of prognostic factors for the nonoperative treatment of
stiff shoulder. Int Orthop 37:859–864

98. Couppé C, Svensson RB, Grosset JF, Kovanen V, Nielsen RH, Olsen MR,
Larsen JO, Praet SFE, Skovgaard D, Hansen M, Aagaard P, Kjaer M,
Magnusson SP (2014) Life-long endurance running is associated with
reduced glycation and mechanical stress in connective tissue. Age (Omaha):
36

99. Saudek DM, Kay J (2003) Advanced glycation endproducts and
osteoarthritis. Curr Rheumatol Rep 5:33–40

100. Ozawa J, Kaneguchi A, Minamimoto K, Tanaka R, Kito N, Moriyama H (2018)
Accumulation of advanced-glycation end products (AGEs) accelerates
arthrogenic joint contracture in immobilized rat knee. J Orthop Res 36:854–
863

101. McLennan SV, Martell SKY, Yue DK (2002) Effects of mesangium glycation
on matrix metalloproteinase activities: possible role in diabetic nephropathy.
Diabetes 51:2612–2618

102. Forbes JM, Cooper ME, Oldfield MD, Thomas MC (2003) Role of advanced
glycation end products in diabetic nephropathy. J Am Soc Nephrol 14:
S254–S258

103. Neviaser AS, Hannafin JA (2010) Adhesive capsulitis: a review of current
treatment. Am J Sports Med 38:2346–2356

104. Pietrzak M (2016) Adhesive capsulitis: an age related symptom of metabolic
syndrome and chronic low-grade inflammation? Med Hypotheses 88:12–17

105. Köhler CA, Freitas TH, Maes M, de Andrade NQ, Liu CS, Fernandes BS,
Stubbs B, Solmi M, Veronese N, Herrmann N, Raison CL, Miller BJ, Lanctôt
KL, Carvalho AF (2017) Peripheral cytokine and chemokine alterations in
depression: a meta-analysis of 82 studies. Acta Psychiatr Scand 135:373–387

106. Roach NT, Venkadesan M, Rainbow MJ, Lieberman DE (2013) Elastic energy
storage in the shoulder and the evolution of high-speed throwing in homo.
Nat Nat Publishing Group 498:483–486

107. White D, Choi H, Peloquin C, Zhu Y, Zhang Y (2011) Secular trend of
adhesive capsulitis. Arthritis Care Res (Hoboken) 63:1571–1575

108. Looney CG, Raynor B, Lowe R (2013) Adhesive capsulitis of the hip: a
review. J Am Acad Orthop Surg United States 21:749–755

109. Lui TH (2016) Arthroscopic capsular release of the ankle joint. Arthrosc Tech
5:e1281–e1286

110. Kitridis D, Tsikopoulos K, Bisbinas I, Papaioannidou P, Givissis P (2019)
Efficacy of pharmacological therapies for adhesive capsulitis of the shoulder:
a systematic review and network meta-analysis. Am J Sports Med:1–9

111. Ahn JH, Lee DH, Kang H, Lee MY, Kang DR, Yoon SH (2018) Early intra-
articular corticosteroid injection improves pain and function in adhesive
capsulitis of the shoulder: 1-year retrospective longitudinal study. PM R
Elsevier Inc 10:19–27

112. Diercks RL, Stevens M (2004) Gentle thawing of the frozen shoulder: a
prospective study of supervised neglect versus intensive physical therapy in
seventy-seven patients with frozen shoulder syndrome followed up for two
years. J Shoulder Elb Surg United States 13:499–502

113. Kelley MJ, Shaffer MA, Kuhn JE, Michener LA, Seitz AL, Uhl TL, Godges JJ,
McClure PW (2013) Shoulder pain and mobility deficits: adhesive capsulitis. J
Orthop Sports Phys Ther 43:A1–31

114. Wang H, Chen M, Sang X, You X, Wang Y, Paterson IC, Hong W, Yang X
(2020) Development of small molecule inhibitors targeting TGF-β ligand
and receptor: structures, mechanism, preclinical studies and clinical usage.
Eur J Med Chem Elsevier Masson SAS 191:112154

115. Rouhani A, Mardani-Kivi M, Bazavar M, Barzgar M, Tabrizi A, Hashemi-
Motlagh K, Saheb-Ekhtiari K (2016) Calcitonin effects on shoulder adhesive
capsulitis. Eur J Orthop Surg Traumatol 26:575–580

Kraal et al. Journal of Experimental Orthopaedics            (2020) 7:91 Page 14 of 15



116. Borges MF, Abelin NMA, Menezes FOM, Dahia PLM, Toledo SPA (1998)
Calcitonin deficiency in early stages of chronic autoimmune thyroiditis. Clin
Endocrinol 49:69–75

117. Jacqies-Jean B, Demesster-Mirkine N, Borkowski A, Suciu S, Corvilain J (1986)
Calcitonin deficiency in primary hypothyroidism*. J Clin Endocrinol Metab
62:700–703

118. Eljabu W, Klinger HM, von Knoch M (2016) Prognostic factors and
therapeutic options for treatment of frozen shoulder: a systematic review.
Arch Orthop Trauma Surg Springer Berlin Heidelberg 136:1–7

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kraal et al. Journal of Experimental Orthopaedics            (2020) 7:91 Page 15 of 15


	Abstract
	Purpose
	Methods
	Results
	Conclusion
	Level of evidence

	Introduction
	Materials and methods
	Results
	Patho-anatomy
	Histologic findings
	The mechanism of tissue fibrosis
	Imbalance in extracellular matrix turnover
	Fibroblast contractility: the role of TGF-β1 and mechanical stress

	Chronic low-grade inflammation might predispose to the development of FS
	An early inflammatory response at the onset of FS
	The implications of  hyperglycaemia in FS
	Discussion
	What triggers the onset of a FS?
	Why only the shoulder?
	Clinical implications and potential future treatment strategies
	Limitations
	Remarks for the future

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Ethics approval and consent to participate
	Competing interests
	Author details
	References
	Publisher’s Note

