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Adhesive capsulitis, also referred as frozen shoulder or periarthritis shoulder, is a condition marked by
shoulder pain, stiffness, and functional restriction of both active and passive shoulder motion. Management
of periarthritis shoulder is challenging for orthopaedic surgeons. This article aims at exploring the various
treatment modalities for periarthritis shoulder.
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1. Introduction

Adhesive capsulitis, also referred as frozen shoulder or
periarthritis shoulder, is a condition marked by shoulder
pain, stiffness, and functional restriction of both active
and passive shoulder motion.! Often it is self-limiting and
resolves within 1 to 3 years. It occurs in approximately
2% to 5% of the general population and up to 20% of
people with diabetes.? The exact pathogenesis of adhesive
capsulitis is still unknown. The causes and risk factors of
adhesive capsulitis of shoulder is depicted in Figure 1.
The pathogenesis of adhesive capsulitis is inflammation
of shoulder joint capsule and the synovial fluid lining
the shoulder joint, which further leads to reactive fibrosis
and capsular fibrosis which result in functional loss of
shoulder joint movements. Contracture of the glenohumeral
capsule is the hallmark of adhesive capsulitis.? Diagnosis is
based mainly on clinical findings, which include insidious
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shoulder stiffness, severe pain, especially at night, and loss
of both active and passive range of motion. !

Management of adhesive capsulitis range from
conservative treatment to surgical procedures. The
treatment options include, alone or often in combination
of pharmacologic therapy (including NSAIDs or oral
corticosteroids), intraarticular injection, suprascapular
nerve block, physical therapy, arthrographic joint distention,
or surgical procedures (manipulation under anaesthesia,
arthroscopic capsular release, or rarely, open capsulotomy)
can be considered for refractory cases.* Most patients
recover and the disease is often self-limiting, resolving
within 1 to 3 years, but the full range of motion may
not return.® Testing of passive shoulder range of motion
is critical in the examination; if testing is omitted, the
diagnosis may be missed. True shoulder weakness is not
characteristic of adhesive capsulitis; when observed on
examination in the absence of pain, other entities should
be considered. Participation in postoperative physical
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Fig. 1: Causes and risk factors of adhesive capsulitis

therapy is essential for optimal outcomes when surgery is
employed.®

2. Stages of Periarthritis Shoulder

2.1. Pathological staging

On the basis of clinical presentation and arthroscopic
appearance, Neviaser and Neviaser divided the natural
progression of adhesive capsulitis into four stages which is
depicted in Figure 2.7~

Stage |
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Stage IV Stage Il

Thawing

Freezing

Stage Ill
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Fig. 2: Stages of adhesive capsulitis of shoulder

1. Stage I - Shoulder pain, especially at night, with
preserved motion. Arthroscopically, there is evidence
of synovitis without adhesions or contractures.

2. Stage II - Development of stiffness with loss of the
axillary fold, suggestive of early adhesion formation
and capsular contracture.

3. Stage III - Profound global loss of ROM and pain
at the extremes of motion. Resolving synovitis with
obliteration of axillary fold as a result of significant
adhesions.

4. Stage IV - Persistent stiffness but minimal pain
as synovitis has resolved. Slow improvement in
shoulder mobility is observed. Advanced adhesions
and restriction of the glenohumeral joint space was
observed arthroscopically.

2.2. Histological staging$

. Stage I - Inflammatory cell infiltration of the synovium
. Stage II - Synovial proliferation, and

3. Stage III - Dense collagenous tissue within the
capsule.

N =

2.3. MRI staging '’

Table 1:
Stages  Thickness Edemaof PericapsularObliteration
of anterior = IGHL on edema of fat in
band of humeral on the
IGHL and anterior  subcoracoid
glenoid and triangle
aspect posterior
aspect
1 4.5+£0.9 ++ ++ No
mm significant
obliteration
I 7.6x1.9 ++ ++ No
mm significant
obliteration
111 6.4x1.9 + ++ Mild
mm obliteration
v 5.2+1.3 - _ Significant
mm obliteration

3. Management of Periarthritis Shoulder

The choice of therapy is based on the stage of the
disease, patient’s functional status, and individual patient
characteristics; treatment is often based on the clinician’s
personal experience and training. No consensus are
found in the current literature on the optimal treatment
algorithm. Levels of evidence in studies analyzing treatment
outcomes are generally low, especially regarding surgical
treatments. Treatment options range from benign neglect
to open surgical procedures. Initial treatment is usually
conservative. Most patients improve with nonsurgical
treatment.

4. Conservative Treatment Modalities

A retrospective study found that 94% of patients with
adhesive capsulitis without treatment recovered to normal
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levels of function and motion (duration average, 15 months;
range, 4-36 months).'! The disease may be self-limited, but
most patients desire more timely intervention and symptom
relief. It may have been used in pain management and
inflammation; typically used as an adjunct in combination
with physical therapy. Pain control is critical in allowing
patients to tolerate physical therapy and range of motion
exercises

1. NSAIDs — Generally recommended for short-term
pain relief (analgesia) during early inflammatory
stages. Not shown to have any effect on the natural
course of the disease when used alone.

2. Oral corticosteroids — Provide significant short-term
benefits in shoulder pain, range of motion, and
function, but effects may not be maintained beyond 6
weeks.

3. Intraarticular injection — Typically administered by
an orthopedist or non-orthopedic sports medicine
physician. Techniques and number of injections
are variable. Site of injection (intraarticular versus
subacromial) showed no difference in outcome.
Accuracy of injection is improved with use of
ultrasonography or fluoroscopy versus blind technique.

4. Corticosteroid intraarticular injection — Thought to
inhibit inflammatory phase and reduce pain and
stiffness. Effective in short-term pain relief; improved
range of motion (short- and long-term), benefitting
functional recovery. Provides faster pain relief and
earlier shoulder function improvement compared with
oral NSAID and oral steroid treatment. Can have
deleterious effects on tendon metabolism and articular
cartilage.

5. Sodium hyaluronate intraarticular injection —
Unbranched polysaccharide thought to be chondro-
protective.  Provides equivalent outcomes to
intraarticular corticosteroid injections; good safety
profile.

6. Suprascapular nerve block — Block nerves to
glenohumeral joint to provide temporary pain relief
and facilitate mobilization. Effective in pain relief,
but no improvement in shoulder range of motion at 1
month.

7. Physical therapy — Widely used in conservative
management of frozen shoulder. Used to prevent
capsular contraction and regain range of motion as
symptoms allow. Therapies may include applications
of heat or ice, active and passive range-of-motion
exercises, mobilization techniques, stretching, patient
education, and supervised home exercises. Consider
the patient’s symptoms, stage of condition, and patterns
of motion loss when selecting physical treatment.
Home self-exercise has been found to be as effective as
supervised stretching exercise. Discussions concerning
the effect, timing, and intensity persist in the literature;

in general:

(a) Often used during pain-free phase (frozen

(b) Gentle physical therapy is more effective than
intensive therapy

(c) Exercise intensity and range of motion are
increased during thawing phase to achieve
optimum functionality

(d) Generally combined with other treatment
modalities (eg, steroid injection, joint distention

8. Arthrographic joint distention (brisement) —
Injection of fluid (typically saline and steroids)
under fluoroscopy and local anesthetic to stretch
contracted capsule and increase intracapsular volume.
May provide short-term benefits in pain relief, range of
motion, and function in adhesive capsulitis. Literature
evidence stated that arthrographic joint distention
may alleviate pain at 3 weeks and disability up to 12
weeks, but outcome may be no different compared
with steroid injection alone.

5. Surgical Management Options

For persistent symptoms and functional disability refractory
to conservative treatment for adhesive capsulitis, surgical
intervention is considered. Surgical treatment remains
controversial, as condition is typically self-limited. Owing
to prolonged pain and disability, patients may elect operative
intervention to expedite recovery process, although long-
term outcomes may be equivalent. While no discrete
timeline has been established for surgical intervention,
failed trial of 3 to 6 months of nonoperative care has been
suggested. The surgical management options were tabulated
in Table 2.

6. Recent Advances
6.1. Platelet-rich plasma

Platelet-rich plasma (PRP) is defined as the volume of
plasma with increased platelet concentration 4 to 5 times
above the baseline.'* The alpha granules present in the
platelets contain cytokines, pro- and anti-angiogenic factors,
and growth factors [transforming growth factor-beta (TGF-
), basic fibroblast growth factor (b-FGF), epidermal
growth factor (EGF), vascular endothelium growth factor
(VEGF), hepatocyte growth factor (HGF), insulin-like
growth factor (IGF), and platelet-derived growth factor
(PDGF)]."> Monocyte chemoattractant, RANTES/CCLS5
upon activation, regulates the leucocyte recruitment and
attenuates the inflammatory and nociceptive responses. '®
It suppresses the concentration of lipoxin A4 (anti-
inflammatory marker), which further depress the number of
inflammatory cells. '® HGF contributes to anti-inflammatory
effect by inhibiting NF-«B. !’
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Table 2: Surgical options for adhesive capsulitis

Surgical Significance
options
Closed e Mobilization of shoulder beyond normal
manipulation  pain threshold in controlled setting to tear
under adhesions and stretch contracted capsule;
anaesthesia 12 produces capsular rupture leading to
improved motion
o Safety and effectiveness remain
controversial
e Complications can include fractures,
dislocation, rotator cuff and labral tears, and
neurovascular injuries
o Tightened structures (eg, coracohumeral
Arthroscopic  ligament, rotator interval with contracted
capsular capsule) can be released with arthroscopic

release 13 instruments

o Effective and safe treatment option for
recalcitrant adhesive capsulitis

o Allows direct visualization to ensure
adequate release

o Allows confirmation of diagnosis and can
rule out other potential causes

e Physical therapy and exercise can begin
immediately after surgery

e Rarely used for recalcitrant adhesive
capsulitis « Remains an option when
manipulation under anesthesia and
arthroscopic capsular release have failed e
Associated with prolonged recovery,
stiffness, and postoperative pain that can
delay early mobilization

Open
capsulotomy !

Feusi et al. demonstrated that PRP as a prophylactic
measure for secondary adhesive capsulitis of shoulder
by reducing the histological grading without causing
any adverse effects.!® In 6 months follow-up, Lin et al
observed the improved efficacy of PRP than procaine
in the management of frozen shoulder.!® Serdar et al
reported no improvement in functional quality of life
and shoulder range of movements by PRP than placebo
in patients with rotator cuff tendinopathy at 1-year
follow-up.?’ Muthu et al reported improved healing rate
at the augmentation of PRP at bone-tendon interface,
reducing re-tear rates, and mitigate pain in patients with
rotator cuff tears (RCTs).2! Lee et al demonstrated
decreased pro-inflammatory cytokines in the inflammatory
phase of adhesive capsulitis when treated with allogenic
pure PRP. Allogenic PRP reported no side effects.??
PRP improved IL-1B—induced synovial inflammatory
condition by downregulating proinflammatory cytokines
such as IL-1B, TNF-a, IL-6, COX-2, and microsomal
PGE2 synthase—1 and decreased MMP—-1, -3, and —13,
disintegrin and metalloproteinase with thrombospondin
motifs—4 and -5 and upregulating anti-inflammatory
cytokines such as vasoactive intestinal peptide.?>>* Xu et
al reported reduced long term re-tear rate and improved

quality of life in patients with RCT treated with PRP.?
PRP promote healing of small to medium-sized tears of
RCT to reduce re-tear rates whereas in large tears, double-
row repair with PRP augmentation reduce re-tear than PRP
augmentation alone. >

6.2. Mesenchymal stromal cells (MSCs and exosomes)

International Society for Cellular Therapy (ISCT) has laid
down the minimal criteria for clinical and translational
usage of MSCs.?” Tendon environment hinders the
native regenerative process, which will impede the
administered MSCs. Tendon differentiation from injected
MSC:s is achieved through either peppering technique or
augmentation with biological substances and single or
multiple injections.

The completed animal trials on MSC for rotator cuff
disorders revealed a significantly reduced number of re-
tears at 10 year follow-up, improved tendon integrity as
evidenced by MRI analysis, and reduced rate of adverse
reactions.”® Muthu et al emphasized the utilization of
cellular therapy in RCT with reduced pain, improved ROM
at 3 and 6 months, and enhanced tendon healing. 29 Kim et al
demonstrated the excellent outcome with the combination of
BMAC-PRP in partial tear RCT.° In vivo rat model of RCT,
freshly thawed UC-MSCs regenerate full thickness rotator
tendon defect. UC-MSCs attenuates inflammation, reduces
RCT defect size, and improves slidability by 2 weeks.
Histologically, fiber coherence, organization of collagen
fibrils, fibroblast orientation in the tendon tissue were
improved with UC-MSCs in RCT in rat model. 3!

Transplantation of BM-MSC derived Exos facilitates
angiogenesis by boosting the release of VEGF and
attenuates inflammatory response by secreting anti-
inflammatory factors by M2 macrophages which helps in
rotator cuff tendon repair.3>* Human BM-MSC-derived
EVs inhibit shoulder stiffness via let-7a/TGFBR-1 axis
in patients with frozen shoulder.>* BM-MSC derived
EVs demonstrated the compactly aligned collagen fibers
when administered intra-tendinously. BM-MSC derived EV
group showed a significantly higher concentration of COL-
1A1, scleraxis, and tenomodulin, and anti-inflammatory
mediators after 2 weeks of surgery.

Zhang et al demonstrated the tendoprotective and anti-
inflammatory effects of AD-MSC derived Exos with
concomitant use of glucocorticoids (GC) for rotator cuff
tendon pathology.>> AD-MSC derived Exos antagonise
the detrimental effects of GC on rotator cuff tendons by
improving GC suppressed cellular proliferation, migration
and transcription of tenocytic matrix molecules. In vivo
studies revealed that AD-MSC derived Exos restored
histological and biomechanical function of rotator cuff
tendons. 3
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6.3. Whole body cryotherapy

As a result of technological developments, cryotherapy
has emerged as a popular option for the anaesthesia of
orthopaedic injuries. Whole-body cryotherapy, also known
as WBC, is a treatment that involves exposing the patient
to extremely cold air for a short period of time while
having them wear only the barest minimum of clothing.
temperature-controlled chamber keeps the air at a constant
temperature of between 110 and 140 degrees Celsius. 3
Patients with fibromyalgia, rheumatoid arthritis, chronic
low back pain, osteoarthritis, and ankylosing spondylitis
who had a temperature of 100°C WBC in the 1990s
were found to experience a sudden reduction in their skin
temperature when they were given WBC. After being
exposed to WBC, researchers found that there were anti-
inflammatory and analgesic effects on the blood’s balance of
antioxidants and prooxidants. It is believed that the slowing
of nerve conduction was caused by an increase in both the
concentration and concentration of endorphin in the afferent
fibres, which are responsible for receiving pain signals3°
Patients diagnosed with AC receive treatment for the
condition using thermal and electrical modalities, with the
goals of reducing pain and improving physical function.
More recently, these treatments have been viewed as an
adjunct to the management of adhesive capsulitis. 3%’

7. Future Directives

7.1. Enzymatic capsulotomies

Enzymatic capsulotomies adapt an enzyme that breaks
down collagen’s peptide bonds that is produced by
Clostridium histiolyticum. Collagenase has been approved
by the FDA to treat Dupuytren’s disease and Peyronie’s
disease, two fibrotic tissue disorders (FDA). Many aspects
of Dupuytren’s disease and adhesive capsulitis are similar,
including histological and molecular similarities. Patients
with adhesive shoulder capsulitis have been able to receive
FDA-approved collagenase injections off-label for use in
Dupuytren’s disease only recently.

7.2. Botox injection

Botulinum toxin is produced by the bacteria Clostridium
botulinum. Botulinum neurotoxins are currently being
used in the treatment of spastic disorders associated with
stroke, multiple sclerosis (Parkinson’s), Parkinson’s disease,
and cerebral palsy, as well as migraine therapy, cervical
dystonia, and chronic musculoskeletal pain.

8. Conclusions

Management of adhesive capsulitis pose a greater challenge
among orthopaedic surgeons. The usage of appropriate
modality of treatment may decrease the morbidity and
improve the functional quality of life of the affected

individuals.
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