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Shoulder stiffness is a condition of painful restriction of the glenohumeral range of motion.
Numerous risk factors for primary and postoperative shoulder stiffness have been
described. This article summarizes the known aspects of the pathophysiology of shoulder
stiffness, with special attention to elements of molecular biology and genetics, which could
inﬂuence the risk of developing shoulder stiffness. Furthermore, the role of hormonal and
metabolic factors, medical disorders, drugs, and of other published risk factors for primary
and postoperative shoulder stiffness is reviewed and discussed. Finally, aspects related to
shoulder surgery and postoperative rehabilitation protocols, which could inﬂuence the
development of postoperative stiffness are presented.

between the most frequently recognized risk factors and
their biological background.

Introduction
Shoulder stiffness (SS) is a condition of restricted glenohumeral range of motion (ROM), which can arise spontaneously
(primary or idiopathic SS, also known as “frozen shoulder”)
or as consequence of a known cause, including surgical
procedures on the shoulder (secondary and postoperative
SS). Numerous risk factors have been described, both for
primary and postoperative SS.1–4 The goal of this article is to
describe the role of clinical conditions and intraoperative
variables on the development of SS and clarify the relations
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Molecular Biology and Genetics of Shoulder Stiffness
Stimulation of the glenohumeral synovium, with early biochemical signs of inﬂammation and ischemia, is the beginning of a
biological cascade resulting in ﬁbrosis, the hallmark of glenohumeral capsule contracture, which leads to the clinical picture
of SS; since generally no adhesions between layers are present,
the use of the term “adhesive capsulitis” has been discouraged,
as not reﬂecting the pathological process of this disease.1
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Synovial cells and capsular ﬁbroblasts are the initial target of
an inﬂammatory-ﬁbrotic cascade:5 a cytokine-mediated ﬁbroblastic hyperplasia of the synovium is generated by the contemporary overexpression of transforming growth factor-β
(TGF-β) and its receptor, tumor necrosis factor-α (TNF-α),
platelet-derived growth factor and its receptor, hepatocyte
growth factor, interleukin (IL) 1, and 6.6,7 This leads to an initial,
transient hyperplasic and hypervascular environment, which
contains principally synovial cells, with only occasional T-cells.
This ﬁrst phase is followed by alterations of the connective
tissue in the glenohumeral capsule: loss of order and twisting of collagen ﬁbrils (resulting in up to a fourfold increase in
diameter) have been observed and linked to two important
features of SS: phenotypic shift of ﬁbroblasts and imbalance
in matrix metalloproteinases (MMP) homeostasis.7
Myoﬁbroblasts are contractile cells, which play a known
role in liver, lung, and kidney ﬁbrosis and other ﬁbrotic
disorders as Dupuytren’s disease.1 Their cytocontractile
proteins, as vimentin, have been found also in the anterior
capsular structures in patients with primary SS. The phenotypic shift from ﬁbroblasts to myoﬁbroblasts and their
proliferation between nodular bands of collagen is therefore
a key to understanding the pathology of SS.1 Phenotypic shift
of ﬁbroblasts may lead also to chondrogenic processes, with
increased expression of aggrecan, as observed in the capsule
of idiopathic SS.8
Imbalance in the MMP/tissue inhibitors of metalloproteinases (TIMP) ratio (the ratio of MMP-1 and MMP-2 levels
against TIMP-1 and TIMP-2 levels) is another relevant factor
in development of capsular ﬁbrosis. In SS, the increased
presence of TGF-β enhances the production of TIMP-1 and
TIMP-2, whereas the production of some MMPs as MMP-1,
MMP-2, and MMP-14 is negatively inﬂuenced by this cytokine.9 In opposition to other MMPs, MMP-3 (stromelysin-1)
level is increased, probably following IL-1β expression. However, as observed for liver ﬁbrosis, MMP-3 is involved in early
matrix degradation and may stimulate the conversion of
ﬁbroblasts to myoﬁbroblasts, inﬂuencing negatively the
progression of the disease.10
Increased TGF-β stimulation is also responsible for the
enhanced expression of ﬁbronectin and tenascin, two proteins linked to ﬁbrotic diseases. Tenascin has a role in cell
adhesion, ﬁbroblast migration, and processes related to
tissue remodeling, while ﬁbronectin is essential for collagen
ﬁbril assembly, extracellular matrix (ECM) deposition, and
ﬁbroblast activation; both seem to be involved in the ﬁbrotic
process affecting the glenohumeral capsule.11
Lastly, an increase in substance P has been reported in SS:
this may represent an early element of the ﬁbrotic cascade,
since substance P upregulates TGF-β and promotes neo-angiogenesis, ﬁbroblasts proliferation, and contraction, without
directly altering ECM synthesis.12 A myoﬁbroblast-mast cellneuropeptide axis has been described, in which the interaction
of substance P with the resident mast cells in the cellular
microenvironment is involved in ﬁbrosis progression.13
The ﬁbrotic evolution of SS is therefore the ﬁnal step of a
biological cascade starting with cytokine hyperproduction,
which results in excessive deposition of collagen type I, III,
Joints
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and other components of the ECM, along with inhibition of
matrix degradation and phenotypic shift of resident ﬁbroblasts toward myoﬁbroblasts.
This inﬂammatory-ﬁbrotic cascade (►Fig. 1), in which
multiple biological elements play different roles, may be triggered by single elements, and hence considered direct risk
factors for ﬁbrotic diseases: gene polymorphisms of IL-6 and
MMP-3 have been associated to increased susceptibility to SS,
and other genetic polymorphism in MMPs and TGF-β1 have
been linked to different ﬁbrotic diseases.14,15 Furthermore, in
some clinical conditions with increased risk for development of
SS, as hypothyroidism and diabetes, TGF-β and TNF-α are
hyperexpressed:16 diabetes was related to increased TGF-β1
and TNF-α serum concentrations17,18 and subclinical hypothyroidism was also associated with higher serum levels of TGF-β1
and markers of endothelial dysfunction19 and, in experimental
models, with high TNF-α serum concentrations.20 Surprisingly,
even depressive disorders, often detected as coexistent personality traits in patients with clinical pictures of SS, are related to
high levels of serum TGF-β and TNF-α.21–23 These evidences
seem to suggest the possibility of an underlying aspeciﬁc proinﬂammatory condition, characterized by increased expression
of TNF-α and TGF-β, which may represent itself a predisposing
risk factor for the development of SS. TNF-α/TGF-β hyperexpression could even represent a “phenotypic pattern” underlying to multiple diseases:24 in the orthopedic ﬁeld, primary
SS, arthroﬁbrosis, and bone pathologies linked to ischemic
endothelial dysfunction (as primary bone marrow edema syndrome) all show deep relations to inﬂammatory processes;
further biological and clinical studies may allow for better
elucidation of these speciﬁc concepts and conﬁrmation of this
intriguing hypothesis (►Fig. 1).
Genetics also play a role in the development of SS. As
many soft tissue diseases, SS is a multifactorial process, in
which genetics and environment interact to generate the
ﬁnal phenotypical appearance of the disease. The relative
genetic and environmental contribution to idiopathic SS was
ﬁrst explored by Hakim et al25 by means of the classic twin
model: an overall prevalence of 11.6% in 1,828 unselected
female twin pairs and a heritability of 42% for idiopathic SS
was identiﬁed, demonstrating that genetic factors play a role
in its pathogenesis; the authors could not ﬁnd evidences
suggesting the inﬂuence of behavioral factors.
For what concerns familial clustering, a positive family
history of idiopathic SS in a ﬁrst-degree relative was reported
in larger studies2,25,26 and in some case reports studying the
relation between two ﬁrst-degree relatives: bilateral SS in
two brothers at the same time,27 in two identical twins28 and
in father and daughter.29 Racial predilection is another factor
generally investigated in association with genetic predisposition. A higher percentage of patients with primary SS was
observed in white (76%) rather than black subjects (24%)30
and in individuals born in or having parents or grandparents
born in the British Isles.25
A recent systematic review explored the association of
idiopathic SS with family history and race, both of which
revealed a genetic predisposition to this condition. In particular,
familiarity was investigated by collecting twin and familial
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Fig. 1 Key elements of the inﬂammatory-ﬁbrotic cascade underlying shoulder stiffness (SS), which may allow to hypothesize an underlying
metabolic/pro-inﬂammatory systemic condition, characterized by TNF-α/TGF-β hyperexpression. Abbreviations: HGF: hepatocyte growth
factor; IL: interleukin; MMP: matrix metalloproteinases; PDGF: platelet-derived growth factor; TGF-β: transforming growth factor-β; TIMP, tissue
inhibitors of metalloproteinases; TNF-α: tumor necrosis factor-α.

clustering studies.31 In the same study, the authors also performed a meta-analysis of immunological researches, which
investigated the role of human leukocyte antigen (HLA)-B27, a
protein involved in triggering the inﬂammatory response, as a
risk factor for SS. Although unbiased genetic approaches were
lacking and insufﬁcient to deﬁnitively conﬁrm this hypothesis,
a signiﬁcantly higher rate of HLA-B27 positivity in patients with
idiopathic SS as compared with controls was reported, suggesting a genetic link with this condition.31
Being SS characterized by pain, inﬂammation, and ﬁbrosis, it is also reasonable to expect genes involved in altered
collagen structure and metabolism, nerve physiology, or
inﬂammatory cytokines-mediated pathways to be altered
in patients affected by SS: until now, only gene polymorphisms of IL-6 and MMP-3 have been associated to susceptibility of postoperative SS.14 Large epidemiological studies
along with genome-wide association studies are needed to
address deﬁnitively the molecular genetics of SS.

Hormonal and Metabolic Factors, Medical Conditions,
and Drugs
Numerous clinical conditions have been related to the development of SS; in particular, the association between endocrine disorders and SS has been extensively described.
Patients with established diabetes mellitus (DM) have a
greater likelihood of developing both primary and postsurgical
SS than the healthy population.1,16,26,32 A recent meta-analy-

sis demonstrated an overall mean prevalence of idiopathic SS
in patients affected by DM of 13.4% and a mean prevalence of
DM in a population with SS of 30%.33 This suggests that
patients with SS should be investigated to exclude DM, since
a diagnosis of SS may be the ﬁrst warning sign of a diabetic
condition. Postoperative SS has been reported in diabetic
patients16,34 with possible explanations being the synovial
neovascularisation35 and altered expression of inﬂammatory
cytokines as TGF-β and TNF-α.17,18,36
The connection between thyroid dysfunction and SS is well
known: hyper- and hypothyroidism were both reported in
association with primary and postoperative SS:37–39 idiopathic
SS was found to be present in 17.4% of patients with subclinical
hyperthyroidism, 7.1% with hyperthyroidism, and 13% with
hypothyroidism.40 In a longitudinal population-based study,
hyperthyroidism was indicated as a signiﬁcant risk factor for
idiopathic SS,39 while in a case–control study hypothyroidism
was found to be associated with idiopathic SS.26 Finally,
subclinical hypothyroidism was indicated as a risk factor for
the development of severe postoperative SS.16 The presence of
full-blown as well as subclinical thyroid disease could hence
account for otherwise inexplicable SS following arthroscopic
procedures; appropriate diagnostic and prophylactic measures prior to shoulder surgery are therefore advised.
No studies regarding calcitonine levels and SS have been
published yet; however, the use of calcitonine, both subcutaneous and as intranasal spray, was reported as effective in
Joints
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reducing pain and improving function of stiff shoulders.41
A single report on the association between adrenocorticotropic
hormone (ACTH) deﬁciency and SS has been published.42
Women are more frequently affected by SS than men,2,43
suggesting that sexual hormones contribute to SS etiology;
however, no published evidence has yet related female
sexual hormones with a SS. Whether the lower level of
testosterone in women of reproductive age could inﬂuence
the epidemiology of SS is also unknown; the fact that
testosterone may affect the TGF-β signaling pathway suggests a possible ﬁeld for further investigation.44
Neurologic conditions were also associated with primary
SS: surgical treatment for subarachnoid hemorrhage was
associated to a 25% incidence of SS45 and a case–control
study reported a signiﬁcantly higher incidence of SS (12.7%
versus 1.7%) in patients affected by Parkinson’s disease.46
Injuries to the cervical spine or brachial plexus were also
mentioned among the possible etiologies for secondary SS.1
Psychological factors may also play a role in the development of SS, although the causative relation between these
and SS has not yet been clearly deﬁned.22,47
Dupuytren’s disease was found in 52% of the patients diagnosed with primary SS, indicating an 8.27 times higher frequency of this disease in patients with SS than in the general
population.48 A possible common origin of this two diseases was
suggested by Hutchinson et al, who observed an unusually high
incidence of SS and Dupuytren’s disease after treatment with a
now withdrawn synthetic MMP inhibitor (Marimastat).49
Different malignant diseases are associated to musculoskeletal manifestations, with SS being reported with a 15%
incidence in an oncologic population; this value raised to
17.8% when considering patients affected by solid malignancies only.50 Development of SS was also reported after
invasive procedures for breast cancer treatments or cardiac
catheterization and open procedures on the shoulder.1
The role of lipid metabolism in SS has been scarcely investigated: in a prospective study, the fasting serum triglyceride and cholesterol levels were signiﬁcantly elevated in patients
diagnosed with idiopathic SS; more recently, hypercholesterolemia and inﬂammatory lipoproteinemias were demonstrated to have a signiﬁcant association with primary SS.51,52
Several reports show that SS can develop after treatment
with speciﬁc medications. Patients treated with protease inhibitors during highly active antiretroviral therapy (HAART) for
HIV infection may develop SS. One or both shoulders can be
affected and the disease may occur from some weeks to several
months after the beginning of the therapy. It has been hypothesized that the pathologic mechanism could involve an enhancement of TGF-β pathway. The local trigger could be a
precipitation of the drug in the joint, leading to ﬁbrosis as
result.53,54 The majority of reports dealt with indinavir, but
there is also a report of SS in a patient treated with nelﬁnavir.55
MMPs inhibitors were associated with the development of
primary SS: six patients suffering from bilateral SS after
4 months of treatment with Marimastat for advanced gastric
carcinoma were reported in a series of 12 patients treated for
more than 1 month. The postulated mechanism in these
cases involved the decrease in MMP/TIMP ratio, which
Joints

Vol. 5

No. 4/2017

caused increased synthesis and deposition of collagen and
connective tissue. Interestingly, the acute symptoms of SS
improved when treatment with Marimastat was temporarily
discontinued.49 The same mechanism was advocated for
bilateral SS observed in a patient after 12 cycles of FOLFOX
(folinic acid, 5-ﬂuorouracil, and oxaliplatin); indeed the last
two drugs inhibit MMP production.56
Historical reports of connective tissue disorders related to
barbiturates were conﬁrmed in a prospective survey of patients treated for epilepsy in the 1980s. Two patients treated
with primidone developed primary SS, one patient treated
with phenobarbital suffered from shoulder pain whereas seven
patients developed connective tissue disorders in different
anatomical regions out of 622 subjects involved in the study.
The onset of SS with such medications is highly variable,
ranging from some months after starting the therapy to
many years later. The authors mentioned as possible trigger
the decreased activity of prostaglandin E caused by antiepileptic drugs which could inﬂuence ﬁbroblast activation.57
Isoniazid and ethionamide, two antituberculous drugs,
were associated with the development of primary SS: in these
cases, the onset was rapid, usually occurring within a month
after therapy is started. The theorized pathologic mechanisms
involved direct effects on collagen metabolism and inhibition
of serotonin degradation, which, in turn, is involved in tissue
ﬁbrosis.58 Peﬂoxacin (a ﬂuoroquinolone) was ascribed as
possible cause of SS in two patients, a man treated for urinary
tract infection and a diabetic woman treated for meningitis
after undergoing lumbar discectomy.59
Postvaccination SS syndromes were reported: in all cases,
SS followed an intramuscular deltoid injection of a vaccine
(inﬂuenza, hepatitis-A, tetanus, pneumococcal). The course
was characterized by the onset of progressively increasing
shoulder pain in the ﬁrst few days after the injection; fullblown SS could arise in the following months. It was suggested the trigger to be the accidental inﬁltration of the
subacromial bursa.60
Tobacco smoke is known to affect ECM homeostasis, altering the levels of MMPs and their inhibitors and is frequently
reported as a risk factor for SS.1 Although negative effects of
smoke on shoulder ROM and tissue quality were described, no
direct associations between development of SS and smoking
habits could be identiﬁed in the published literature.61–63

Surgical Factors and Rehabilitation
Arthroscopic rotator cuff (RC) repair is considered the gold
standard in surgical treatment of RC tears and has proven to
be effective, safe, and with a durable clinical success rate.64,65
However, postoperative stiffness following RC repair has
been reported to occur with an incidence ranging between
1.5 and 32.7%.66,67 In the largest consecutive published
series, the overall rate of postoperative stiffness (deﬁned
as “patients’ dissatisfaction with their ROM”) was 4.9%.3
Postoperative SS typically presents after an initially successful rehabilitation period, with increasing shoulder pain and
with gradual loss of both active and passive ROM; although
most cases resolve within 6 months, established SS may
develop, with devastating consequences.68

Risk Factors for Shoulder Stiffness
The exact etiology of postoperative SS has not been established yet: capsular contractures and postsurgical adhesion to
the surrounding soft tissues are considered to be responsible
for development of postoperative SS.1 In addition to the
hormonal factors mentioned above, the risk of developing
postoperative SS was also associated with age less than
50 years,3,4 presence of gastroesophageal disorders,69 calciﬁc
tendonitis or idiopathic SS of the index shoulder,3 higher grade
of fatty inﬁltration,70 and Workers’ Compensation.3,4 Lowgrade infection by Propionibacterium acnes has also been
proposed as a possible cause for postoperative SS.71,72
Some intrinsic features of a RC tear were related to higher
risk of postoperative SS: posterosuperior tears showed a
statistically signiﬁcantly higher prevalence of postoperative
stiffness, as did posttraumatic tears.66 For what concerns
lesions’ type and dimensions, Huberty et al, observed that
patients with single-tendon tears, smaller tears, and partial
articular-sided tendon avulsion lesions were more likely to
develop postoperative SS than those with full-thickness
tears, larger in size, and/or involving more tendons.3 On
the contrary, others indicated larger tear size as associated to
an increased risk for postoperative SS.66,70 Patients undergoing concomitant labral repair3 or open or miniopen repair70 also showed a higher incidence of postoperative
stiffness, whereas patients with concomitant coracoplasty
were less likely to develop postoperative SS.3 When investigated, the ﬁxation technique (single- versus double-row) did
not appear to inﬂuence the incidence of postoperative SS.73
Rehabilitation may also play a role in the development of
postoperative SS after arthroscopic RC repair, and an ideal
rehabilitation protocol that allows for tendon-to-bone healing while preventing SS has not been established yet.
Basic science studies showed that too-rapid advancing
motion protocols could lead to an inﬂammatory response,
which increases the risk of postoperative adhesions, and
produces strain on the RC with potential higher risk of
retear.74–76 On the contrary, early restriction of motion did
not appear to cause long-term stiffness, even in patients who
develop clinical stiffness in the early postoperative period.75
Therefore, the majority of the rehabilitation protocols after
RC repair are based on an initial phase of restricted ROM and
clinical observation, to improve the rate of tendon healing.75
In this phase, postoperative positioning of the arm in an
abduction sling can help keeping the inferior glenohumeral
joint capsule stretched out.1
Nevertheless, a role in early postoperative motion to prevent
SS has been suggested: Denard et al observed that postoperative SS was reduced from 4.5% in patient who underwent 6
weeks’ immobilization protocol to 1.5% in patients who started
immediate recovery of passive ROM.4 Scapular kinematics may
also be involved in the development of postoperative SS
because alterations in scapular position and motion occur in
the vast majority of patients after shoulder injury or surgery.
Since scapular dyskinesis may cause restriction of motion
leading to SS, particular attention should be paid to include
scapular rehabilitation in postoperative protocols.77
Finally, tailoring rehabilitation taking into consideration
preoperative and intraoperative risk factors demonstrated to
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reduce the incidence of SS: patients at risk for SS enrolled in a
modiﬁed rehabilitation protocol that added immediate closedchain passive forward ﬂexion exercise to a standard protocol
consisting of sling immobilization without overhead shoulder
motion for 6 weeks showed, in facts, successful reduction of
postoperative SS incidence.78 Therefore, a specialized shoulder
physiotherapy, carefully instructed to focus on the development of postoperative SS and its immediate recognition and
treatment, is recommended.79

Conclusion
The exact etiology of SS remains debated and numerous risk
factors for this pathology have been proposed. The role of some
hormonal and metabolic diseases, such as diabetes, hyper-,
and hypothyroidism, has been demonstrated to be relevant
role in the development of SS. Numerous other potentially
relevant factors have been described, which require further
research to be conﬁrmed. Recent evidences from molecular
biology suggest that an underlying aspeciﬁc pro-inﬂammatory
condition could represent a predisposing risk factor for the
development of SS. Postoperative stiffness can be triggered by
aspects related to shoulder surgery and postoperative rehabilitation protocols.
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