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Adhesive capsulitis was !rst described in 1872 by Duplay et al.1 and was further de!ned by Codman2 in 1934 as shoulder pain with
loss of both active and passive range of motion in the setting of normal radiographs3. Since that time, the etiology behind idiopathic
adhesive capsulitis has remained unknown. The lengthy natural history, phases (in"ammatory or freezing, frozen, thawing), and
risk factors for development have been well de!ned clinically4-6. Risk factors include diabetes, hypothyroidism, dyslipidemia, high
blood pressure, female sex, and age of 40 to 60 years. Currently, we still do not completely understand why this in"ammatory
process occurs or what speci!c pathophysiologic factors allow for adhesive capsulitis to be a self-limiting condition.

In this present retrospective, Level-III, case-control study, Park et al. investigate elevated serum high-sensitivity C-reactive
protein (CRP) as a marker for idiopathic adhesive capsulitis. The authors investigated 202 patients diagnosed with idiopathic
adhesive capsulitis and 606 age and sex-matched controls. Blood sampling assessed high-sensitivity CRP (levels classi!ed as either
>1.0 mg/L or £1.0 mg/L), glycosylated hemoglobin A1c (HbA1c), fasting glucose, hypercholesterolemia, hypertriglyceridemia,
in"ammatory lipoproteins (hyper-low-density lipoproteinemia, hypo-high-density lipoproteinemia, hyper-non-high-density lip-
oproteinemia), triglyceride/high-density lipoprotein (TG/HDL) ratio >3.5, thyroid-stimulating hormone (TSH), diabetes, hyper-
thyroidism, hypothyroidism, and body mass index. Univariate and multivariable regression analysis found that body mass index,
diabetes, fasting glucose level, HbA1c, dyslipidemia, TG/HDL >3.5, TSH, and high-sensitivity CRP >1.0 mg/L were associated with
idiopathic adhesive capsulitis. Serum high-sensitivity CRP >1.0 mg/L was also signi!cantly associated with diabetes, fasting glucose
level, HbA1c, hypertriglyceridemia, hypo-high-density lipoproteinemia, and TG/HDL >3.5 in subjects with adhesive capsulitis.
These !ndings indicate that there is an association with medical comorbidities and systemic in"ammation as demonstrated by
high-sensitivity CRP. Although these results further strengthen the associations of diabetes, dyslipidemia, and thyroid dysfunction
with adhesive capsulitis, they still do not provide information that can be used to guide treatment or to predict symptom duration.

It may be that medical comorbidities have an additive in"ammatory effect, as was found in a study by Park et al.4 demon-
strating that hyper-low-density lipoproteinemia and/or hyper-non-high-density lipoproteinemia in patients with diabetes were
associated with adhesive capsulitis. Chan et al.5 found a dose-dependent relationship of adhesive capsulitis and cumulative HbA1c
level. The authors found that, for each unit increase over time of HbA1c level >7%, there was a 2.77% increased risk of development
of adhesive capsulitis.

The pathophysiology regarding why the glenohumeral joint stiffens involves an in"ammatory capsular reaction, associated
synovitis with progression to !brotic contracture, and hyperplasia or capsular thickening. Capsular tissue characteristics in the
setting of adhesive capsulitis include leukocyte and myeloid in!ltration, !broblast accumulation, and increased vascularity.
Andronic et al.3 performed a systematic review to better understand the pathophysiology on a molecular level. Studies examined
capsule and blood samples and found increased expression of various in"ammatory cytokines including cyclooxygenase, tumor
necrosis factor, and interleukins, and decreased matrix metalloproteinase (MMP). Cohen et al.7 examined which genetic factors
contributed to the risk of idiopathic adhesive capsulitis. Female carriers of the C allele of MMP-13 and G/G allele of MMP-9 had an
increased risk of adhesive capsulitis (odds ratio [OR], 1.64 [95% con!dence interval (CI), 1.20 to 2.26]; p = 0.002). Additionally,
female carriers of the G allele of MMP-9 had an increased risk (OR, 1.51 [95% CI, 0.97 to 2.33]; p = 0.05). In contrast, male carriers
of the C allele of TGFB1 (the gene for transforming growth factor [TGF]-b1) had a reduced risk (OR, 0.47 [95% CI, 0.23 to 0.96];
p = 0.04), and those who were carriers of the GG genotype of TGFBR1 (for TGF-b receptor 1) had an increased risk (OR, 4.11 [95%
CI, 1.17 to 14.38]; p = 0.027). TGFB1 plays a role in the !brotic and in"ammatory process of the capsule tissue in adhesive
capsulitis. TGFB1 regulates extracellular matrix (ECM) proteins including collagens, !bronectin-1, and tenascin, and the increased
expression of these markers contributes to capsule in"ammation and !brosis. TGFBR1 gene upregulation has been found to be
dependent on symptom duration8.
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Cho et al.9 examined the role of MMP-2 and MMP-9 expression in the joint capsule using measurements made during
shoulder arthroscopy. The overexpression of MMP-2 and MMP-9 in the joint capsule was associated with advanced adhesive
capsulitis. MMP-2 and MMP-9 expression is controlled by platelet-derived growth factor, tumor necrosis factor-a, interleukin
(IL)-1, and IL-6, which are all pro-in"ammatory molecules. Based on the timing of expression, the authors hypothesized that the
expression of both MMP-9 and MMP-2 may be useful to predict the stage of adhesive capsulitis.

The most important question that comes from this information is how to use these results in a clinical practice to counsel
patients being treated for idiopathic adhesive capsulitis. Ideally, the results of this work can be extrapolated to future work that will
allow for a de!nitive method to predict the expected duration for complete resolution of symptoms and the severity. Even more
useful would be markers to predict which patients will most likely have a prolonged clinical course, as more aggressive intervention
such as a surgical procedure may be offered earlier in the disease process. These factors will save patients from lengthy morbidity
associated with adhesive capsulitis as well as the frustration that commonly occurs from the loss of shoulder function.
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