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Abstract
Diabetes has an important role in the development of several musculoskeletal disorders, such as adhesive capsulitis of the shoulder
(ACs) and stenosing flexor tenosynovitis of the finger (SfTf). The etiopathophysiology of ACs and SfTf in diabetic patients is associated
with both chronic hyperglycemia, increased amounts of visceral adiposity and chronic inflammation. Chronic hyperglycemia
stimulates the creation of cross-links between collagen molecules, impairing degradation and resulting in the build-up of excessive
collagen deposits in the cartilage, ligaments, tendon sheaths and tendons. Increased adipocytes in diabetic patients secrete proteins
and cytocines such as TNF-a, IL-6 and IL-13 which result in overproduction of pro-inflammatory factors, destruction of normal tissue
architecture and fibrosis. Both hyperglycemia and adipocytes inhibit efferocytosis, limiting natural resolution. Recently, multiple
image-guided interventional radiology musculoskeletal treatment options have been developed, such as ultrasound-guided
glenohumeral capsule hydrodistension for ACs and ultrasound-guided percutaneous pulley release for trigger finger. Diabetes can
negatively influence outcomes in patients with ACs and SfTf and may impact the decision of which specific procedure technique
should be employed. Further studies are necessary to define how diabetes influences response to interventional radiology treatments
of these disorders, as well as the extent to which control of blood sugar levels can contribute towards the personalization and
optimization of patient follow up.
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Introduction

Diabetes is a metabolic disorder which is caused by resistance to
insulin, either as a result of insufficient insulin secretion,
insufficient insulin action, or both, and is mainly characterized
by the presence of hyperglycemia. Although the latter is the
cornerstone of diabetes, the decreased action of insulin on target
organs also results in abnormalities in carbohydrate, fat, and
protein metabolism, among others.1 Diabetes affects practically
all organs and systems in the human body, with chronic
hyperglycemia found in diabetic patients being associated with
long-term dysfunction of the heart, blood vessels, eyes, kidneys,
central and peripheral nervous system and musculoskeletal
system.1 Although musculoskeletal disorders are not usually
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considered the most prominent of the alterations originated by
diabetes, recent research has suggested that diabetes has an
important role in the development of several conditions, such as
adhesive capsulitis of the glenohumeral joint (AC), stenosing
flexor tenosynovitis of the finger (SfTf), calcific tendinitis, among
others, with an increased prevalence of diabetes in these patient
populations.2–5 Diabetes on its own does not cause such
disorders, but it can be a predisposing factor, and it also affects
the severity, natural history and response to treatment of the
disorder, with diabetic patients having more intense symptoms
and worst treatment response rates in general.6,7 Recent studies
have begun to define the etiopathophysiology behind the
predisposition towards the development of musculoskeletal
disorders in diabetic patients, as well as the increased severity
of pain and functional impairment and lower treatment
efficacy.6,8,9

In diabetic patients, the degree of hyperglycemia is influenced
by the severity of the underlying metabolic syndrome, as well as
other extrinsic and intrinsic factors, such as the level of
inflammation caused by osteoarticular disorders.10,11 There is
an intimate relationship between the degree of hyperglycemia and
development and gravity of musculoskeletal collagen disorders,
such as AC and SfTf. Hyperglycemia affects the predisposition,
severity and response to treatment of collagen musculoskeletal
disorders, and the higher levels of circulatory inflammation
mediators present in patients with these musculoskeletal
conditions hindering glycemic control in diabetic patients.10,11

Musculoskeletal collagen disorders are common and multiple
in diabetic patients.5,8,12,13 They often result from microvascula-
ture and connective tissue pathologic changes, which are
triggered by chronic hyperglycaemia, increased adipose tissue
and chronic inflammation.14 In this review, we will focus on 2
main musculoskeletal disorders which are predisposed to and
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exacerbated by diabetes—ACand SfTf. Recently, multiple image-
guided interventional radiology musculoskeletal treatment
options have been developed, such as ultrasound (US)-guided
glenohumeral capsule hydrodistension for AC and US-guided
percutaneous pulley release for trigger finger. In this review, we
aim to summarize recent research providing insight into the
etiological mechanisms through which diabetes contributes
towards collagen disfunction and accumulation, resulting in
the development of adhesive capsulitis and stenosing tenosyno-
vitis of the finger, as well as how diabetes influences response to
interventional radiology treatments of these disorders.
Etiopathophysiology of collagen musculoskeletal
disorders

The etiopathophysiology of AC and SfTf in diabetic patients is
associated with both chronic hyperglycemia, increased amounts
of visceral adiposity and chronic inflammation.13–15 Chronic
hyperglycemia stimulates the creation of cross-links between
collagen molecules, impairing degradation and resulting in the
build-up of excessive collagen deposits in the cartilage, ligaments,
tendon sheaths and tendons.13 Snedeker et al studied collagen
crosslinks in diabetic patients and found that the increased
connective tissue rigidity found in AC patients may be associated
with non-enzymatic oxidative reactions between the increased
blood glucose and collagen, with consequent formation of
advanced glycation end-products.13 Oliva et al also found that
advanced glycation end-products can cause alterations in the
ultrastructure of collagen fibers, making them harder to
breakdown, resulting in excess accumulation and biomechanical
changes in joint tissue quality.16 Hyperglycemia also interferes
with the inflammatory cascade and inhibits efferocytosis, limiting
natural resolution.17

Adipocytes secrete proteins and cytokines such as tumour
necrosis factor alpha (TNF-a) and interleukin-6 (IL-6), resulting
in overproduction of other pro-inflammatory cytokines. This
pro-inflammatory environment will, in turn, further exacerbate
inflammation and insulin resistance, for instance, via secretion of
TNF-a and IL-6 by neutrophils in a continuous positive feedback
loop.13 Adipocytes also secrete IL-13, which has been shown to
cause liver fibrosis in mouse models, and most likely also
contributes towards synovial and connective tissue fibrosis.18

Furthermore, adipocytes produce and secrete free fatty acids,
which result in the up-regulation of pro-inflammatory mediators
and exacerbated production of inflammatory cytokines.14,19,20

Free fatty acids also promote neutrophil survival and decrease
apoptotic cell removal by macrophages and other phagocytic
cells, exacerbating collagen deposition in the glenohumeral
capsule, among other extracellular matrix components, resulting
in a rigid and painful shoulder.14

Chronic inflammation in diabetic patients may also lead to the
excessive accumulation of collagen and other extracellular matrix
components and synovial and connective tissue fibrosis, with
resulting destruction of normal tissue architecture in joints,
tendons, ligaments and pulleys.21 The combination of these
factors (chronic hyperglycemia, increased adipocytes and
inflammation) results in disease perpetuation and fibrosis.
Adhesive capsulitis and diabetes

AC, or “frozen shoulder,” is a common condition of the shoulder
caused by the contraction of the glenohumeral capsule and
adherence to the humeral head. Clinically, AC is characterized by
2

shoulder pain and stiffness, with significant decrease of active and
passive range of motion (ROM). The natural history of AC can be
described as a progression through 3 phases: freezing (insidious
onset of shoulder pain with progressive loss of motion), frozen
(gradual subsidence of pain, plateauing of stiffness with equal
active and passive ROM), and thawing (gradual improvement of
motion and resolution of symptoms).22 Most cases of AC
comprise mild symptoms, are self-limited, lasting 1 to 2 years,
and can be managed using analgesics, physiotherapy and intra-
articular corticosteroid injections.23 However, in 20% to 50% of
patients, symptoms can persist for longer or watchful waiting
may not be practical. In these cases, capsule hydrodistension
treatment should be considered as an alternative for short-term
management.
Glenohumeral AC may be primary and idiopathic or, more

commonly, secondary to diabetes mellitus, hyperthyroidism,
rotator cuff tendinopathy, rotator cuff tear, subacromial bursitis,
biceps tendinopathy, previous shoulder surgery or trauma or
systemic inflammatory diseases.24,25 Diabetic patients in partic-
ular, have a greater prevalence of glenohumeral AC in
comparison to nondiabetic patients (11%–30% prevalence in
diabetic patients and 2 - 10% in nondiabetics).2 Mavrikakis et al
found that the prevalence of glenohumeral AC in type II diabetic
patients was 31.8%, in comparison to 10.3% in nondiabetic
controls.26 According to Tighe et al, prediabetic patients also
have an increased prevalence of glenohumeral adhesive capsulitis
in comparison with nondiabetic patients.27–29 The risk of
development of diabetic glenohumeral AC increases with age
and duration of diabetes.7 Diabetic patients with glenohumeral
AC generally present with more severe symptoms, a longer
natural history of disease and are more resistant to treatment.28

Zreik et al set out to determine the mean prevalence of diabetes
in a population of patients with glenohumeral adhesive capsulitis
and found that it was 30%, which is significantly higher than the
prevalence of diabetes in the general population.30 In fact, the
link between diabetes and the development of glenohumeral
adhesive capsulitis is so strong that several authors have
advocated that patients diagnosed with glenohumeral adhesive
capsulitis who are not known to be diabetics should undergo
diabetic screening.9,31,32
Ultrasound-guided glenohumeral capsule
hydrodistention

The most effective treatment for glenohumeral AC remains
uncertain.33 Nonsurgical treatments include physiotherapy, oral
or intra-articular corticosteroids, acupuncture, and US-guided
glenohumeral capsule hydrodistension.33 Arthroscopic capsular
release is a valid treatment option in patients who are refractory
to conservative treatment.34

There are many different techniques for US-guided glenohum-
eral capsule hydrodistension employed by different clinicians in
different centers, and the ideal technique remains ambiguous. In
general, the procedure consists in, under ultrasound guidance, the
injection of a combination of corticosteroid and saline solution
inside the glenohumeral capsule. The procedure works due to
both the physical distention and release of the capsule caused by
the fluid injected inside, and the anti-inflammatory effect of the
drugs injected in the capsule, whichwill prevent the inflammatory
mechanism resulting in the contraction of the glenohumeral
capsule and adherence to the humeral head.
The optimal volume of fluid and components (saline solution

and specific corticosteroids) injected into the glenohumeral
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capsule remains undetermined, as well as howmore or less severe
degrees of AC will benefit from different doses of corticoster-
oid.23 The procedure may also be carried out with maximum
capsular distention without rupture, or with capsular rupture.23

The role of capsular rupture in the efficacy of the procedure and
whether it is essential for a successful outcome also remains to be
determined. It is also of interest to determine whether diabetic
patients, who in general have more severe disease and lower
responses to treatment, will benefit from capsular rupture, which
is a more aggressive form of treatment, or not. One could argue
that a more severe form of disease will respond better to a more
aggressive treatment. However, capsular rupture could also
trigger more inflammation and pain in diabetic patients, resulting
in longer recuperation times, without significantly better out-
comes.
The doses of corticosteroid drug injected into the

glenohumeral capsule must also be taken into consideration.
It is general practice to inject larger doses of corticosteroid
drug in the glenohumeral capsule in patients with more severe
impairment of range of motion. Diabetic patients commonly
have more severe disease, with more pain and significant
limitation of both active and passive range of motion,
warranting larger ratios of corticosteroid drug to saline
solution, resulting in more significant and quicker symptom
relief. However, one must also take into consideration the
possible effects of corticosteroid drug in glycemic control in
diabetic patients. There are yet to be conducted studies
evaluating whether diabetic patients subjected to glenohum-
eral capsular hydrodistention experience significant blood
glucose level fluctuations when injected with different doses of
corticosteroid, or whether the impact is minimal due to this
being a local treatment. US-guided glenohumeral capsule
hydrodistension is a very promising option in the treatment
and management of diabetic patients with AC. However, the
optimal technique in these patients is yet to be determined.
Stenosing tenosynovitis of the finger and diabetes

SfTf, also known as trigger finger, is a common mechanical
disorder, diagnosed clinically and characterized by finger locking
and snapping from flexion to extension, pain, oedema and ROM
limitation. Although it can affect any digit, it most commonly
involves the flexor tendons of the thumb and the metacarpo-
phalangeal joint.35 It occurs primarily due to amismatch between
the size of the flexor tendons and that of the tendon sheath.8

Whereas the pathophysiologic mechanism of trigger finger
remains controversial, it is most frequently attributed to A1
pulley thickening secondary to repeated microtrauma.36

Trigger finger may be primary and idiopathic or, less
commonly, secondary to chronic conditions such as diabetes,
hyperthyroidism, gout, rheumatoid arthritis or chronic kidney
disease, among others.35 Diabetic patients have a greater
prevalence of trigger finger in comparison to nondiabetic patients
(5%–20% prevalence vs 1%–2% in the general population),
with a 10% lifetime risk of developing trigger finger.6,37,38 This
may be because chronic hyperglycemia stimulates the creation of
cross-links between collagen molecules in the tendon sheaths,
impairing degradation and resulting in build-up around the flexor
tendons of the finger.13,39 The risk of developing diabetic trigger
finger increases with age and duration of diabetes.8,40 Also,
diabetic patients have a bilateral presentation more commonly
than nondiabetic individuals, as well as in multiple digits,
reflecting the systemic nature of their disease.8,39
3

It remains controversial whether a tight blood glucose control
can reduce the risk of developing diabetic trigger finger. For
instance, Vance et al found that diabetics withHbA1c levels>7%
are more likely to develop trigger finger.6 However, Chammas
et al found that disease duration, more than HbA1c levels,
determined the risk of diabetic trigger finger.3 Grandizio et al also
stated that HbA1c levels did not influence trigger finger
development in diabetic patients.41 Furthermore, diabetic
patients are more likely to develop trigger finger with severe
symptoms6,37,38 and have lower success rates with local
corticosteroid injection treatment in comparison to nondiabetic
patients (66% vs 90%).4,42
Ultrasound-guided A1-pulley release

Generally, the first-line treatment of trigger finger is conservative,
with both oral nonsteroidal anti-inflammatory treatment and a
splint or parenteral treatment with corticosteroids.43 In case of
conservative treatment failure, surgical treatment is usually
recommended, with surgical release of the A1 pulley.44–46

However, although positive outcomes are reported in 60% to
97% of cases, the procedure is invasive.44 Recently, various
techniques for US-guided percutaneous aseptic release of the A1
pulley have been developed. While the diagnosis of trigger finger
is mainly clinical, ultrasound allows for direct visualization of the
finger pulleys and tendons, becoming an increasingly useful tool
in both diagnosis and treatment of trigger finger.
Although techniques for US-guided percutaneous pulley

release may vary between different clinicians, the procedure
generally consists of a few basic steps. Firstly, under ultrasound
guidance, local anaesthesia is applied. Then, using a 18-gauge
needle which has been bent to 90°, the A1 pulley is cut using the
beasel of the needle, which should be positioned perpendicular to
the horizontal plane of the flexor tendons. The patient is asked to
move the finger, confirming that no locking or snapping is
experienced and that the pulley is released. Finally, in order to
reduce inflammation, the flexor tendon sheath is infiltrated with a
corticosteroid.
US-guided pulley release has the advantage of being a

minimally invasive, safe, quick, low-cost alternative to surgery.
Real-time visualization of the vascular and nerve structures
during the procedure minimizes complications such as inter-
digital vascular or nerve damage or overly wide pulley release.45

However, the current treatment algorithm for diabetic trigger
finger remains controversial, as there are still no studies
comparing the efficacy of surgical and US-guided percutaneous
pulley release in diabetic patients.12 Diabetic patients generally
have longer recovery times in comparison to nondiabetic patients
and report higher levels of pain and finger disfunction before
treatment.14,19-21 One could argue that the less invasive US-
guided procedure would be beneficial for these patients, as there
is less tissue disruption, with quicker healing times. It is currently
believed that the local infiltration of low doses of corticosteroid
around the flexor tendon sheath does not have a significant
impact on glycemic control in diabetic patients, though more
studies are still needed on this matter.
Conclusion

The continuous study and definition of the exact extent to which
diabetes can influence the development and response to treatment
of collagen musculoskeletal disorders, such as glenohumeral
adhesive capsulitis and stenosing tenosynovitis of the finger, is of
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the upmost importance. The determination of the prevalence of
diabetes in populations of patients with musculoskeletal
disorders and the comprehension of the etiopathophysiology
of such disorders gives us a valuable and rare opportunity to act
in the prevention of such diseases through perhaps careful control
of blood sugar levels, as well as screening for diabetes in these
populations, allowing for earlier detection of diabetes and
prevention of permanent damage and dysfunction of other
organs and systems. Furthermore, there is also the possibility that
tight control of blood glucose levels may aid in response to
treatment of glenohumeral adhesive capsulitis and stenosing
tenosynovitis of the finger.
There are yet to be studies evaluating and comparing the

impact of poorly or tightly controlled blood sugar levels in the
response to treatment of these conditions. Further research is
necessary to determine, for instance, the impact of diabetes on
response to treatment of trigger finger with US-guided percuta-
neous pulley release or surgical pulley release in nondiabetic and
diabetic patients, or the impact of diabetes in response to capsular
hydrodistension treatment of glenohumeral adhesive capsulitis. It
could also be of interest to determine the relationship between
volume of fluid injected into the glenohumeral capsule and
treatment efficacy, as well as how different doses of saline
solution and corticosteroid affect procedure efficacy and post-
procedure blood glucose levels in diabetic patients.23 Although
we have begun to understand the role of diabetes in the
development of musculoskeletal disorders, a lot remains to be
further determined in terms of pathophysiologic pathways and,
in particular, in regards to the best treatment in diabetic patients.
Recognizing the importance of diabetes as the silent player in
development and response to treatment of collagen musculoskel-
etal disorders is a key step in the personalization and optimization
of follow-up and quality of life of the diabetic patient.
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