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Abstract
Among all the prevalent painful conditions of the shoulder, frozen shoulder remains one of the most debated and ill-
understood conditions. It is a condition often associated with diabetes and thyroid dysfunction, and which should always 
be investigated in patients with a primary stiff shoulder. Though the duration of ‘traditional clinicopathological staging’ of 
frozen shoulder is not constant and varies with the intervention(s), the classification certainly helps the clinician in planning 
the treatment of frozen shoulder at various stages. Most patients respond very well to combination of conservative treatment 
resulting in gradual resolution of symptoms in 12–18 months. However, the most effective treatment in isolation is uncertain. 
Currently, resistant cases that do not respond to conservative treatment for 6–9 months could be offered surgical treatment 
as either arthroscopic capsular release or manipulation under anaesthesia. Though both invasive options are not clinically 
superior to another, but manipulation could result in unwarranted complications like fractures of humerus or rotator cuff tear.

Keywords  Frozen shoulder · Adhesive capsulitis · Shoulder · Treatment · Conservative · Manipulation · Arthroscopic 
capsular release · Review

Introduction

Among almost all conditions of the shoulder, frozen shoul-
der (FS) has been most debated right from its terminology 
to the most optimal treatment and prognosis. Although 
the term FS and adhesive capsulitis have been used quite 
extensively, current ISAKOS guidelines favour use of the 
term frozen shoulder and discourage adhesive capsulitis as 
there are no adhesions in the shoulder joint [1]. The ISA-
KOS Upper Limb Committee has classified a stiff shoulder 
into the primary idiopathic stiff shoulder (frozen shoulder) 
and secondary stiff shoulder [1]. FS or primary idiopathic 
stiff shoulder terms are used to describe a stiff shoulder that 
develops without any specific trauma or any underlying dis-
ease process. The patient can have a condition that is known 
to have a link to stiffness (diabetes, thyroid disorders) but 
not necessarily known to cause stiffness. Secondary stiff-
ness is reserved to describe shoulder stiffness with a known 
underlying cause such as trauma, infection, or inflammatory 

disorder. The prevalence of frozen shoulder is estimated to 
affect 2–5% of the population [2, 3], and affects men more 
than women [4]. The peak incidence is observed between 
40 and 60 years [5]. 20% of patients develop similar symp-
toms in the opposite shoulder [4, 6]. Bilateral simultaneous 
involvement could be observed in 14% of the patients [7].

Associated conditions: Primary frozen shoulder is idio-
pathic, but two conditions are classically associated with FS; 
diabetes mellitus (DM) and thyroid dysfunction. The inci-
dence of frozen shoulder in diabetic patients could vary from 
10.8 to 30% [8, 9] with a tendency of more severe symptoms 
and resistance to treatment [10]. The prevalence of DM is 
ten times higher in patients with frozen shoulder, and higher 
HbA1C in a poorly controlled diabetes is associated with 
the development of FS [11]. Several studies have confirmed 
higher prevalence (27.2%) and incidence (10.9%) of hypo-
thyroidism in patients with FS [12, 13]. Another recent study 
suggested 2.69 times higher risk of developing FS in patient 
with thyropathy [14]. Other associated conditions with FS 
are smoking, cardiac disease, Parkinson’s disease, stroke, 
neck and cardiac surgery, hyperlipidaemia and Dupuytren’s 
contracture [1, 15].

Pathology: FS is characterized by intense inflamma-
tory changes in capsule indicating a role of inflammatory 
mediators (interleukins, cytokines, B- and T-lymphocytes, 
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growth factors, matrix metalloproteinases, tumor necrosis 
factors and fibroblast activation markers) and disturbance 
in local collagen translation, which result in global fibropla-
sia [16–19]. Macroscopically, the capsule of the FS appears 
thick, congested and inflamed, particularly around the rota-
tor interval and anteroinferior capsule along with thickened 
coracohumeral ligament (CHL) and superior–middle–infe-
rior glenohumeral ligaments resulting in loss of flexion, 
abduction and rotations [20, 21]. The tissue samples from 
FS reveal dense collagen matrix and high population of 
fibroblasts and contractile myofibroblasts, a process similar 
to Dupuytren’s contracture, with the fibrotic process pre-
dominantly limited to anterior capsule [22, 23]. An early 
immune response with elevated levels of alarmins, bind-
ing to the receptor of advance glycation end products and 
accrued irreversible crosslinks between various collagen 
protein molecules through glycosylation is observed at the 
beginning of the cascade [24, 25]. Increased expression of 
vascular endothelial growth factors (especially in diabetics 
with high glycosylated haemoglobin), nerve growth factor 
receptor and neoangiogenesis are also noted, and that may 
help explain severe pain and stiffness in patients with FS [26, 
27]. In summary, the frozen shoulder appears to start as an 
inflammatory reaction in capsule with associated synovitis 
that progresses to the fibrotic contracture of the capsule.

Clinical Features and Clinicopathological 
Stages

Patients with FS complain of insidious onset of pain and 
stiffness without any preceding traumatic, infective, or 
inflammatory event. Pain is usually poorly localized, around 
the shoulder and is almost always troublesome in the night 
while the patient lies on the affected side. The index shoul-
der examination reveals global restriction of both active and 
passive range of movements (ROM) at least in two planes, 
and that is one of the critical findings. The loss of external 
rotation with arm by the side of the chest is one of the earli-
est signs. According to ISAKOS guidelines; if the range of 
movement is less than 100° in forward flexion, less than 10° 
in external rotation, and less than L5 vertebral level in inter-
nal rotation, it is defined as a global restriction of ROM [1]. 
In a recently published FROST trial, investigators defined 
FS as a condition characterised by the restriction of passive 
external rotation in the affected shoulder to less than 50% 
of the opposite shoulder with normal radiographs [28]. The 
strength of the rotator cuff is relatively unaffected.

Traditionally, FS is described in ‘three clinico-patholog-
ical stages’ (freezing, frozen, and thawing), which we find 
practical to understand and explain to the patients and decide 
the treatment plan [29–31]. Another classification suggested 

by Hanchard et al. as ‘pain predominant’ and ‘stiffness pre-
dominant’ is also useful in clinical practice [32].

The principal clinical characteristics of three stages are 
pain, pain and stiffness, and stiffness, respectively.

a.	 Freezing stage (stage 1): It may last for 2–6 months. 
Clinically, stage 1 is predominantly characterized by 
moderate-severe pain and partial restriction of ROM. 
Pathologically, it is characterized by a slow onset of 
widespread inflammation involving capsule and syn-
ovium of the shoulder joint resulting in gradual onset of 
’pain’ as a principal symptom. Mere pain and only ter-
minal loss of ROM in the early period of freezing stage 
of FS could be confused with rotator cuff tendinopa-
thy as latter also presents with painful loss of terminal 
ROM. However, ROM does not progressively worsen in 
RC tendinopathy whereas it continues to worsen at every 
follow up in FS.

b.	 Frozen stage (stage 2): It may last for 4–12 months. 
Clinically, this stage is characterized by both ‘pain and 
stiffness’ in varying proportions. Patients in the early 
phase of stage 2 have more pain while later phase of 
stage 2 comprises of more stiffness than pain. Patho-
logically, it is characterized by a gradual diminution in 
inflammation and onset of widespread fibrosis of capsule 
and ligaments which results in gross restriction of ROM.

c.	 Thawing stage (stage 3): It may last for 6–26 months. 
Clinically, this stage is characterized by minimal pain 
and gradual resolution of stiffness. Pathologically, it is 
characterized by gradual resolution of inflammation and 
fibrosis, resulting in minimal pain and the progressive 
return of movements.

Investigations

The relationship between an established DM and thyroid 
dysfunction with FS is a known fact but the evidence to 
investigate an apparently ‘normoglycemic FS patient’ with 
fasting blood glucose level and haemoglobin A1C is mount-
ing as several studies have confirmed that latter two investi-
gations are often deranged in patients with FS [11, 33–35]. 
Further, thyroid dysfunction should also be investigated if 
there is a clinical suspicion [12]. Primary frozen shoulder 
is essentially a clinical diagnosis, and, therefore, the radio-
graphic studies are performed to exclude other secondary 
causes of shoulder pain such as calcific tendinitis, rotator 
cuff tear, arthritis of glenohumeral and acromioclavicu-
lar joint or a neoplastic process. The plain radiograph of 
the shoulder is essentially normal in patients with 1° FS. 
However, osteopenia of the humeral head is not uncommon 
and should alert the surgeon if manipulation is planned 
[36]. MRI is not routinely performed in patients with FS to 
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diagnose the condition. However, it could be done to rule 
out any secondary cause of FS if there is a clinical suspicion. 
In an early freezing stage, MRI may show edema of joint 
capsule and obliteration of the sub-coracoid fat triangle. In 
the frozen stage; MRI shows capsular and CHL thicken-
ing, poor capsular distension, volume reduction of the axil-
lary pouch, and scar formation in the rotator interval [37]. 
Recently, ultrasonography (USG) has emerged as a primary 
diagnostic tool in establishing the diagnosis of the frozen 
shoulder which reveals thickened CHL (mean thickness 
1.2 mm, observed in 96.7% cases), increased vascularity in 
the rotator interval, and presence of hypoechoic soft tissue 
thickness in the rotator interval [38].

Treatment

By and large, conservative treatment of frozen shoulder is 
successful in up to 90% patients [39–41]. Only a few require 
operative intervention in the form of manipulation under 
anaesthesia (MUA) or arthroscopic capsular release (ACR). 
In clinical practice, the strategy opted to treat frozen shoul-
der often depends upon the clinicopathological stage of fro-
zen shoulder. Further, the patients with FS should also be 
treated for underlying medical disorder (DM and thyroid 
dysfunction) as poor control of these disorders may result in 
prolonged severity of disease. Although diabetics often tend 
to have severe disease and require prolonged conservative 
treatment and require surgical treatment more often than 
non-diabetics [42–44], one must not give up conservative 
treatment trial and expedite surgical treatment in diabetics.

a.	 Freezing stage: Since this stage is characterized by the 
presence of intense pain due to underlying capsule–
ligament–synovium inflammation, the treatment strat-
egy deployed in this stage should aim at minimizing 
pain. Many options are used to alleviate pain, such as 
NSAIDs, steroids (local or oral), and pain-relieving 
physiotherapy (PT). A point needs to be stressed that 
none of these measures would relieve the pain entirely, 
and the entire exercise of pain minimization is aimed at 
enabling the patient to perform activities of daily living 
(ADL) with more ease, sleep better and gradually initi-
ate the joint mobilisation PT. The mobilisation PT is 
principally aimed at ‘retaining’, and ‘slowly regaining’ 
the ROM. Of note-during the stage of intense pain, vig-
orous mobilization PT must be avoided as it can exac-
erbate the inflammation resulting in increased intensity 
of pain.

b.	 Frozen stage: In this stage; pain is less, but the loss of 
ROM is profound due to fibrosis of capsulo-ligament 
complex. Hence the treatment strategy should be princi-
pally aimed to gradually ‘increase and regain’ the ROM 

by deploying a structured and well-sustained mobilisa-
tion PT program. Hydrodilatation (HD) could also be 
used as an adjunct in early frozen stage to break capsu-
lar fibrosis and accelerate the gain in ROM. Occasional 
analgesics keep the pain at bay. If sincere attempts of 
PT for several weeks–months and or HD fail to improve 
functional ROM and pain, MUA or ACR could be con-
sidered to accelerate the functional recovery in terms of 
regaining ROM and minimizing pain.

c.	 Thawing stage: This stage is characterised by minimal or 
no pain and gradually improving ROM for past several 
weeks. Hence, sustained PT remains the mainstay of the 
treatment in this stage, which aims to gradually regain 
the ‘functional’ followed by total recovery of shoulder 
ROM. Any surgical interventions are hardly required in 
this stage.

Non‑operative Treatment of Frozen Shoulder

1.	 NSAIDs and other analgesics: NSAIDs remain one of 
the most common medical intervention in treating frozen 
shoulder [45]. A short course of NSAIDs for 2–3 weeks 
is very frequently used to minimise intense pain of 
the freezing stage. However, course of NSAIDs does 
not alter course of the frozen shoulder but enables the 
patient to carry out their ADLs in a more relaxed fashion 
and perform PT (retaining ROM) with ease. However, 
there is a paucity of high-quality studies discussing the 
utility of NSAIDs in comparison to other drugs, espe-
cially corticosteroids. In patients with NSAID allergy or 
contraindication, Opioid analgesics can be used.

2.	 Corticosteroid: Apart from NSAIDs, steroids are the sec-
ond most commonly used drugs in the treatment of the 
frozen shoulder. Both oral steroid and local steroid injec-
tions are widely used. A paramount point to note that 
steroids in any form are beneficial only in early stages 
(freezing and early frozen) of frozen shoulder to con-
trol inflammation and ensuing pain, and there may not 
be any rationale to prescribe it in late stages of frozen 
shoulder with established fibrosis without much inflam-
mation.

a	 Oral steroids: In several high-quality studies, moderate 
evidence was found in favour of oral steroid for improv-
ing pain, ROM and function when prescribed for ‘short 
term’ (6 weeks) in stage 1 [46, 47]. However, the effects 
were not maintained beyond 6 weeks after stopping it. 
Nevertheless, disastrous complication of avascular 
necrosis of femoral head has to be feared of, even with 
a short course of oral steroid [48].

b.	 Local injectable steroids: Local injectable steroid is most 
frequently deployed medical method to provide relief 
from severe pain in freezing stage of FS. Systematic 
reviews and metanalysis have confirmed strong evi-
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dence in favour of steroid injections in improving pain 
and ROM as compared to placebo in the short term, 
and moderate evidence in the midterm [46, 49]. Two 
RCTs concluded that injectable steroid provide superior 
clinical results compared to oral steroid [50, 51]. Steroid 
injection is certainly superior to PT in reducing pain but 
evidence is conflicting regarding restoration of ROM 
while comparing steroid injection with PT or MUA [46].

	   Furthermore, many issues regarding use of local 
injectable steroids such as optimal dose [52, 53], single 
or multiple injection, site of injection (intraarticular/sub-
acromial/rotator interval) [54, 55], molecule (Triamci-
nolone/Methylprednisolone) [56–58], injection with or 
without imaging [59] remain contentious and are briefly 
mentioned in Table 1.

	   Of-note, steroid injections carry a risk of a transient 
increase in blood glucose levels (BGLs) occurring 
within 1–5 days in diabetic patients [60]. However, the 
rise in BGLs returns to baseline within 24 h to 10 days, 
and the benefit of steroid injection in improving pain 
scores and function outweighs any transient increase in 
BGLs. Nevertheless, steroid injections must be avoided 
in patients with uncontrolled Diabetes, especially if 
BGL is more than 250 mg% [60].

	   Adverse events with injectable steroids: Minor com-
plications such as facial flushing, chest or shoulder pain, 
dizziness and nausea are reported due to vasovagal reac-
tions during injection [61]. Furthermore, Triamcinolone 

injections must be avoided in patients with retroviral 
therapy due to the risk of drug interaction causing iat-
rogenic Cushing syndrome [62].

3.	 Physiotherapy (PT): Along with NSAIDs and steroids, 
PT remains one of the cornerstones in the treatment of 
the frozen shoulder. The arms of PT consist of ‘pain-
relieving PT’, ‘mobilization PT’ and ‘strengthening PT’. 
In the freezing stage, it is better to use pain-relieving PT 
and avoid aggressive mobilization techniques as latter 
can exacerbate the pain. There are various modalities 
of ‘pain relieving PT’ such as Laser, short wave dia-
thermy, ultrasound and hot packs [46, 63]. PT, along 
with NSAIDs or steroid injection, is better in providing 
symptomatic relief than PT alone [64–66].

	   Once pain decreases, ‘mobilization PT’ can be started 
to retain and gradually regain ROM. The patients receiv-
ing PT must start with 3–4 sessions per day, with each 
session of 10–15 min, comprising of active-assisted 
ROM exercises, including forward elevation, abduc-
tion, rotations, and cross-body adduction. This must be 
combined with scapular and cuff rehabilitation along 
with core strengthening. Grigg’s et al. confirmed that 
patients in phase II of frozen shoulder report high sat-
isfaction with four-direction stretching exercise [67]. In 
the late frozen stage, low-and high-grade mobilization 
techniques could be implemented to regain the ROM 
along with ‘muscle strengthening PT’ [46].

Table 1   Summary of various debatable parameters regarding injectable steroids

IA Intraarticular, SA Subacromial, RI Rotator interval IR, Internal rotation, ROM range of movement, USG Ultrasonography, BGL blood glucose 
level. Number in [] denotes reference in the text

Parameters Reference Conclusions

1 High dose (40 mg), low dose (20 mg) or 
very low dose (10 mg) steroid

Kim et al., RCT, 2018 [52]
Yoon et al., RCT, 2013 [53]

1. No difference between 40 mg vs 20 mg
2. 10 mg is less effective than 40 mg

2 Single vs. Multiple injections Erickson et al., 2019 [44]; retrospective 
study of 1377 patient

Multiple are no better than single injection in 
improving clinical outcome

3 Site: IA vs SA vs RI Shang et al.,
Meta-analysis, systematic review, 2019 [54]

1. No overall significant difference
2. Pain scores better in IA groups
3. IR better in SA groups
4. SA injection result in lesser BGL fluctua-

tion
Sun et al., RCT, 2018 [55] Single injection into SA, IA and RI resulted 

in better pain, ROM and functional scores 
in RI group

4 Triamcinolone (TA) vs. Methylprednisolone 
(MTP)

Sakeni et al., Level II, 2007 [57] One injec-
tion a week for 3 weeks

TA gave superior result in resistant cases and 
Diabetics compared to MTP

Choudhary et al., 2015 [56];
Three injection every three weeks in either 

group

TA group had better pain scores and ROM

Lopez et al., 2008 [58] More relief of pain in MTP than TA
5 With or without image (USG or fluoro-

scopic) guidance
Song et al., Systematic review, 2014 [59] Added benefit of Image guided injections over 

blind injection in improving pain and ROM. 
However, needs further evaluation
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	   In comparison to PT vs. MUA in the frozen stage, 
a high-quality RCT confirmed the superiority of MUA 
compared to home exercise alone [68].

4.	 Hydrodilatation (HD): In late freezing or early frozen 
stage, HD of the glenohumeral joint using saline, ster-
oid, local anaesthetic agent is supposed to distend the 
capsule by breaking the ‘early intracapsular fibrosis’ 
which helps in improving ROM [2]. A single HD pro-
cedure is superior to placebo in improving ROM, pain, 
and function in the short term [69]. However, more than 
one repeated HD after 2 weeks has no added effect over 
a single HD procedure [70]. Nevertheless, HD may not 
offer any advantage in comparison to IA steroid injec-
tion [71, 72].

5.	 Calcitonin: Calcitonin decreases systemic inflammatory 
response and stimulate the release of endorphins [73]. 
Yang et al. confirmed that addition of salmon calci-
tonin in biopsied tissues from frozen shoulder improves 
mRNA expression of fibrosis-related molecules and 
decreased the enhanced cell-substrate adhesion ability of 
frozen shoulder [74]. A level II RCT concluded that the 
addition of Calcitonin along with PT and NSAIDs alle-
viates pain and functional outcome better than mere PT 
and NSAIDs [73]. However, further research is required 
in this area to validate the role of Calcitonin in frozen 
shoulder.

6.	 Extracorporeal shock wave therapy (ECSWT): An RCT 
involving 40 patients treated with ECSWT versus oral 
steroid confirmed that ECSWT significantly improves 
the functional outcome and ROM without any adverse 
events [75]. In a systematic review of 19 trials (1249 
patients), the use of ECSWT did not beget any major 
adverse event [63]. Further, ECSWT is a suitable alter-
native in patients with uncontrolled diabetics or where 
oral steroids cannot be prescribed.

7.	 Acupuncture: Though few centres have tried using acu-
puncture in the treatment of FS and reported reasonable 
relief in pain and improved forward flexion [76, 77], 

there is little evidence in literature for its routine use in 
the treatment of primary FS [78].

8.	 Nerve block: Several authors report that single or multi-
ple injections to block Suprascapular nerve in the treat-
ment of frozen shoulder result in improved pain score 
and ROM [79, 80]. However, there is lack of high-qual-
ity evidence in favour of the nerve block and is not rou-
tinely performed.

Operative Management of Frozen Shoulder

Invasive operative methods (manipulation or surgical release 
of capsule) to improve function in patients with primary 
FS are recommended only when an extended conservative 
treatment for a period of 6–9 months fails to provide sig-
nificant relief to the patient [35, 41, 81]. The surgical tech-
niques consist of manipulation under anaesthesia (MUA) 
and arthroscopic capsular release (ACR).

1.	 Manipulation under anaesthesia: MUA is a method 
wherein fibrosed capsulo-ligament complex of shoul-
der, which is a hindrance in regaining ROM, is forcibly 
broken by manoeuvring the shoulder across the ROM 
under anaesthesia. Krall et  al. suggested that MUA 
is an effective method to improve function in patient 
with refractory FS in stage II, external rotation < 50% 
compared to opposite side and failure to respond to IA 
steroid infiltration [82]. Of note: MUA should not be 
performed for secondary stiffness of the shoulder, and 
such patients must undergo arthroscopic capsular release 
if need be.

	   Technique: Under anaesthesia, the arm of the patient 
is held with a short lever and shoulder is gently moved 
in flexion, abduction followed by external and internal 
rotation in 90° abduction (Figs.1 and 2). Next, the shoul-
der joint is taken into external rotation with arm by the 
chest followed by cross-chest adduction. These manoeu-

Fig. 1   a–c Shows the MUA of left shoulder with a ‘short-lever arm’ 
while arm being taken in flexion, abduction and external rotation in 
90° abduction. Of-note: during abduction beyond 90°, head of the 
humerus is supported with a fist of assistant in axilla to prevent infe-

rior subluxation of head while tearing of inferior capsule. During 
external rotation movement in 90° abduction, the scapula is stabilised 
by the assistant’s hand over the scapula
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vres result in tearing of fibrosed capsule and ligament, 
which can often be felt or heard during MUA. Of note- 
no movement should be forced if ‘excess’ resistance is 
felt during the range of that movement, and it is better 
to perform the next manoeuvre rather than applying too 
much force to regain that movement to avoid complica-
tions. At the end, all movements are repeated to confirm 
that end range has been achieved. The authors prefer to 
inject 40 mg of triamcinolone and 10 ml of 0.25% Bupi-
vacaine to minimise postoperative pain and inflamma-
tion. Many other authors too prefer post MUA injection 
of steroid and local anaesthetic agent [83, 84]. However, 
concrete evidence for the benefit of the same is lacking.

	   Many studies have reported good to excellent long-
term clinical outcome after MUA [85–87]. Said that, 
several debatable pertinent questions regarding MUA; 
such as timing [88], with or without steroid injection 
[84], its efficacy in comparison to other conservative 
options [68, 89], and role in diabetics [42, 90–92] are 
mentioned in Table 2.

	   Complications of MUA: Literature reports an overall 
complication rate of 0.4%, and a re-intervention rate of 
14% [82]. Although MUA improves flexion and abduc-
tion, limitation in rotation in early phase after MUA 
remains a concern as surgeons often avoid forcible 
rotations during MUA due to the fear of complications. 
Albeit rare, various complications can occur during 
MUA, especially while achieving a terminal range of 
movement such as Humerus shaft fracture, rotator cuff 
tear, shoulder dislocation, labral tear, nerve injury, and 
complex regional pain syndrome [90, 93–96].

2.	 Arthroscopic capsular release: Although all high-quality 
clinical studies have failed to reveal any major advantage 
of ACR over MUA [28, 97]; of late, ACR has emerged 
as ‘preferred’ surgical option for the treatment of refrac-
tory FS as ACR allows controlled and precise release of 
fibrosed capsule–ligament complex under vision avoid-
ing the said complications of MUA under the same 
anaesthetic burden [41, 95]. Further, ACR enables the 
surgeon to thoroughly inspect and treat a “clinically or 

Fig. 2    a–c Shows MUA of left shoulder with a ‘short-lever arm’ 
while arm is taken in internal rotation in 90° abduction, cross-chest 
adduction and external rotation with arm by the side of chest. During 

internal rotation movement in 90° abduction, the scapula is stabilised 
by the assistant’s hand over the scapula

Table 2   Summary of various contentious parameters regarding 
manipulation under anaesthesia (MUA) such as timing, with or with-
out steroid injection, comparison with other conservative method, 

comparing two commonly used steroid molecules and outcome in 
diabetic vs. noon-diabetic frozen shoulders

RCT​ randomised controlled trial. Number in [] denotes reference in the text

Parameters Reference Conclusions

1 Timing of MUA (early or delayed) Vastamaki et al., 2015 [88] Delayed between 6 and 8 months while shoulder 
is in late frozen phase. Early MUA in freezing 
or early frozen phase could result in aggravation 
of symptoms

2 With or without intraarticular steroid injection 
(after MUA, in operating room itself)

Kivimaki et al., RCT, 2001 [84] No difference. Hence, authors recommended that 
addition of steroid is of no use

3 Comparison with other conservative methods such 
as therapeutic exercise; steroids and distention

Kivimaki et al., RCT, 2007 [68]
Jacobs LG et al., RCT, 2009 [89]

No difference

4 Outcome of MUA in diabetics vs controls Hamdan et al., 2003 [90] Diabetics have poor outcome
Wang JP et al., 2010 [42] No difference
Jenkins et al., 2012 [91] 36% of diabetics may require repeat MUA com-

pared to 15% controls
Woods et al., 2017 [92] 38% risk of repeat MUA in diabetics compared to 

18% as a group



305Indian Journal of Orthopaedics (2021) 55:299–309	

1 3

radiologically missed” concomitant lesion of the carti-
lage, rotator cuff, labrum and subacromial space, if any, 
which may be contributing to the pathology. Like MUA, 
ACR should be performed between 6 and 8 months of 
onset of frozen shoulder.

Many studies have shown excellent short-, mid- and 
long-term results both in terms of lasting pain relief and 
ROM gains with ACR [98–101]. Comparing diabetics with 
non-diabetics, a recent systemic review concluded that clini-
cal outcomes after ACR were inferior (more residual pain, 
reduced motion) in a diabetic patient compared to non-dia-
betic, and that must be explained to the patient during pre-
ACR counselling [102].

Technique: Under anaesthesia, diagnostic arthroscopy 
is performed from the posterior portal. The entry into the 
joint is often tricky, and care must be taken while insert-
ing the trocar to avoid damage to the articular cartilage of 
humerus or glenoid. In case entry in the joint is not possible, 
force must be avoided, and gentle, controlled manipulation 
of joint should be done to break the extremely tight capsule, 
and that would enable the surgeon to insert the arthroscope. 
Lafosse et al. recommended lateral entry via rotator interval 
in tight shoulders to avoid damage to intraarticular struc-
tures during forcible entry [100]. In almost all cases; the 
rotator interval is contracted and inflamed (Fig. 3), intra-
articular part of the biceps tendon may reveal inflamma-
tion, and synovitis is often present in the joint, especially 
over the capsule covering the under-surface of the supra-and 
infraspinatus (Fig. 4). Through the standard anterior portal, 
the RI and CHL are released using a radiofrequency device 
(RFD), and synovitis is gently debrided. The tight MGHL 
is released followed by release of anterior capsule till the 
anteroinferior corner of the capsule using RFD. The scope 

is shifted to the anterior portal, and the posterior capsule is 
released till the posteroinferior corner. Due to the proximity 
of the inferior capsule to the axillary nerve, the inferior-most 
capsule is not released surgically but is broken with gentle 
MUA at the end of the procedure [103]. Literature remains 
contentious regarding clinical outcome after limited anterior 
capsule release and MUA vs. circumferential release [41]. 
Next, arthroscope is shifted to the subacromial space, and 
subacromial adhesion or inflamed bursa, if any, is debrided. 
With arthroscope in lateral portal, CHL is again inspected, 
and should be released if found to be incompletely released. 
Further, adhesions over the bursal and articular side of sub-
scapularis muscle is released up to the base of the coracoid 
to improve the mobility of the subscapularis, and thereby 
improving external rotation. At the end of the procedure, 
surgeon must gently move the shoulder in all directions to 
ensure that the entire fibrotic capsule–ligamentous complex 
is released [41]. Post MUA or ACR, authors prefer to inject 
40 mg of Triamcinolone along with 10 ml of 0.25% Bupiv-
acaine to minimise post-procedure inflammation and pain. 
Although many authors prefer injecting steroid post-ACR 
[83, 104–106], only a few report superior outcome after the 
injection [106]. However, larger consensus regarding utility 
of steroid injection post-ACR is lacking.

Pain control and rehabilitation after MUA and ACR: 
Adequate pain control for 2–3 weeks using NSAIDs and 
local ice pack is quintessential for pain relief. Structured PT 
must follow immediately after the procedure, and continue 
for 4–6 months aiming to retain ’regained intra-operative’ 
ROM. The PT program should consist of early passive 
and active-assisted ROM along with scapula stabilisa-
tion followed by active ROM combined with strengthen-
ing exercises for rotator cuff, scapular muscles, and core 
rehabilitation.Fig. 3   Arthroscopic view (from posterior portal) of inflammed and 

contracted rotator interval (blue star) of right-side frozen shoulder. 
SSc subscapularis, BT biceps tendon

Fig. 4   Arthroscopic view (from anterior portal) of inflamed syn-
ovium-capsule over the infraspinatus
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MUA vs. ACR: Despite all said advantages of ACR over 
MUA, literature has failed to prove clinical superiority of 
ACR over MUA [28, 83, 97]. A recently published triple arm 
pragmatic superiority randomised controlled trial by Rangan 
et al. concluded that PT, MUA and ACR are not superior to 
each other in treatment of resistant FS [28]. Further, Ran-
gan et al. concluded that ACR is more costly and associated 
with serious adverse events (4%) while MUA is most cost-
effective procedure [28]. However, in a systematic review of 
22 studies (21 were level IV), Grant et al. concluded that rate 
of complications with either procedure (MUA and ACR) is 
less than 0.5% [97].

Conclusion

While managing FS, clinician must investigate and manage 
the patient for any associated conditions especially diabetes 
and thyroid dysfunction alongside treating the FS. With the 
availability of trained musculoskeletal sonologist along with 
advanced sonographic machines, USG could be considered 
as a primary tool to confirm the diagnosis of FS and rule 
out secondary disorders rather than straightaway subject-
ing the patient to MRI. Largely, combination of conserva-
tive treatment works quite well in most patients of FS with 
good to excellent outcomes and must be tried for at least 
6–9 months before embarking upon any invasive procedure. 
Nevertheless, no single conservative treatment option is 
found to be remarkably superior to others, and multimodal 
treatment comprising NSAIDs, steroid, and structured-sus-
tained PT remain all-season favourites. Among the invasive 
procedures; both MUA and ACR seem to be equivocal in 
achieving functional improvement, but the latter is currently 
more preferred as it is largely devoid of most complications 
listed for MUA. Early and sustained PT along with good 
analgesia is quintessential postoperatively for a complete 
recovery. Considering overall recovery and achieving satis-
factory functional outcomes, Diabetic patients continue to 
fare poorly as compared to non-diabetics.

Funding  Open access funding provided by Manipal Academy of 
Higher Education, Manipal.

Compliance with Ethical Standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical standard statement  None.

Informed consent  Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Itoi, E., Arce, G., Bain, G. I., Diercks, R. L., Guttmann, D., 
Imhoff, A. B., et al. (2016). Shoulder stiffness: Current concepts 
and concerns. Arthroscopy, 32(7), 1402–1414.

	 2.	 Buchbinder, R., & Green, S. (2004). Effect of arthrographic 
shoulder joint distension with saline and corticosteroid for 
adhesive capsulitis. British Journal of Sports Medicine, 38(4), 
384–385.

	 3.	 Shah, N., & Lewis, M. (2007). Shoulder adhesive capsulitis: 
Systematic review of randomised trials using multiple corticos-
teroid injections. British Journal of General Practice, 57(541), 
662–667.

	 4.	 Hand, C., Clipsham, K., Rees, J. L., & Carr, A. J. (2008). 
Long-term outcome of frozen shoulder. Journal of Shoulder 
and Elbow Surgery, 17(2), 231–236.

	 5.	 Kingston, K., Curry, E. J., Galvin, J. W., & Li, X. (2018). 
Shoulder adhesive capsulitis: Epidemiology and predictors 
of surgery. Journal of Shoulder and Elbow Surgery, 27(8), 
1437–1443.

	 6.	 Rizk, T. E., & Pinals, R. S. (1982). Frozen shoulder. Seminars in 
Arthritis and Rheumatism, 11(4), 440–452.

	 7.	 Walker-Bone, K., Palmer, K. T., Reading, I., Coggon, D., & 
Cooper, C. (2004). Prevalence and impact of musculoskeletal 
disorders of the upper limb in the general population. Arthritis 
and Rheumatism, 51(4), 642–651.

	 8.	 Zreik, N. H., Malik, R. A., & Charalambous, C. P. (2016). Adhe-
sive capsulitis of the shoulder and diabetes: A meta-analysis of 
prevalence. Muscles Ligaments Tendons J, 6(1), 26–34.

	 9.	 Bridgman, J. F. (1972). Periarthritis of the shoulder and diabetes 
mellitus. Annals of the Rheumatic Diseases, 31(1), 69–71.

	 10.	 Dias, R., Cutts, S., & Massoud, S. (2005). Frozen shoulder. BMJ, 
331(7530), 1453–1456.

	 11.	 Chan, J. H., Ho, B. S., Alvi, H. M., Saltzman, M. D., & Marra, 
G. (2017). The relationship between the incidence of adhesive 
capsulitis and hemoglobin A(1c). Journal of Shoulder and Elbow 
Surgery, 26(10), 1834–1837.

	 12.	 Schiefer, M., Teixeira, P. F. S., Fontenelle, C., Carminatti, T., 
Santos, D. A., Righi, L. D., et al. (2017). Prevalence of hypothy-
roidism in patients with frozen shoulder. Journal of Shoulder and 
Elbow Surgery, 26(1), 49–55.

	 13.	 Cakir, M., Samanci, N., Balci, N., & Balci, M. K. (2003). Muscu-
loskeletal manifestations in patients with thyroid disease. Clini-
cal Endocrinology - Oxford, 59(2), 162–167.

	 14.	 Cohen, C., Tortato, S., Silva, O. B. S., Leal, M. F., Ejnisman, B., 
& Faloppa, F. (2020). Association between frozen shoulder and 
thyroid diseases: Strengthening the evidences. Revista Brasileira 
de Ortopedia (Sao Paulo), 55(4), 483–489.

http://creativecommons.org/licenses/by/4.0/


307Indian Journal of Orthopaedics (2021) 55:299–309	

1 3

	 15.	 Hsu, J. E., Anakwenze, O. A., Warrender, W. J., & Abboud, J. A. 
(2011). Current review of adhesive capsulitis. Journal of Shoul-
der and Elbow Surgery, 20(3), 502–514.

	 16.	 Cher, J. Z. B., Akbar, M., Kitson, S., Crowe, L. A. N., Garcia-
Melchor, E., Hannah, S. C., et al. (2018). Alarmins in frozen 
shoulder: A molecular association between inflammation and 
pain. American Journal of Sports Medicine, 46(3), 671–678.

	 17.	 Cho, C. H., Song, K. S., Kim, B. S., Kim, D. H., & Lho, Y. M. 
(2018). Biological aspect of pathophysiology for frozen shoulder. 
BioMed Research International, 2018, 7274517.

	 18.	 Andronic, O., Ernstbrunner, L., Jüngel, A., Wieser, K., Bouaicha, 
S. (2019). Biomarkers associated with idiopathic frozen shoul-
der: A systematic review. Connective Tissue Research 1–8

	 19.	 Akbar, M., McLean, M., Garcia-Melchor, E., Crowe, L. A., 
McMillan, P., Fazzi, U. G., et al. (2019). Fibroblast activation and 
inflammation in frozen shoulder. PLoS One, 14(4), e0215301.

	 20.	 Neer, C. S., 2nd., Satterlee, C. C., Dalsey, R. M., & Flatow, E. 
L. (1992). The anatomy and potential effects of contracture of 
the coracohumeral ligament. Clinical Orthopaedics and Related 
Research, 280, 182–185.

	 21.	 Ozaki, J., Nakagawa, Y., Sakurai, G., & Tamai, S. (1989). Recal-
citrant chronic adhesive capsulitis of the shoulder. Role of con-
tracture of the coracohumeral ligament and rotator interval in 
pathogenesis and treatment. Journal of Bone and Joint Surgery, 
71(10), 1511–1515.

	 22.	 Kilian, O., Pfeil, U., Wenisch, S., Heiss, C., Kraus, R., & Schnet-
tler, R. (2007). Enhanced alpha 1(I) mRNA expression in frozen 
shoulder and dupuytren tissue. European Journal of Medical 
Research, 12(12), 585–590.

	 23.	 Lho, Y. M., Ha, E., Cho, C. H., Song, K. S., Min, B. W., Bae, K. 
C., et al. (2013). Inflammatory cytokines are overexpressed in the 
subacromial bursa of frozen shoulder. Journal of Shoulder and 
Elbow Surgery, 22(5), 666–672.

	 24.	 Kraal, T., Lübbers, J., van den Bekerom, M. P. J., Alessie, J., 
van Kooyk, Y., Eygendaal, D., et al. (2020). The puzzling patho-
physiology of frozen shoulders—a scoping review. Journal of 
Experimental Orthopaedics, 7(1), 91.

	 25.	 Kohn, R. R., & Hensse, S. (1977). Abnormal collagen in cul-
tures of fibroblasts from human beings with diabetes mellitus. 
Biochemical and Biophysical Research Communications, 76(3), 
365–371.

	 26.	 Xu, Y., Bonar, F., & Murrell, G. A. (2012). Enhanced expression 
of neuronal proteins in idiopathic frozen shoulder. Journal of 
Shoulder and Elbow Surgery, 21(10), 1391–1397.

	 27.	 Ryu, J. D., Kirpalani, P. A., 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. Journal 
of Shoulder and Elbow Surgery, 15(6), 679–685.

	 28.	 Rangan, A., Brealey, S. D., Keding, A., Corbacho, B., North-
graves, M., Kottam, L., et al. (2020). Management of adults with 
primary frozen shoulder in secondary care (UK FROST): A mul-
ticentre, pragmatic, three-arm, superiority randomised clinical 
trial. Lancet, 396(10256), 977–989.

	 29.	 Neviaser, R. J., & Neviaser, T. J. (1987). The frozen shoulder. 
Diagnosis and management. Clinical Orthopaedics and Related 
Research, 223, 59–64.

	 30.	 Neviaser, A. S., & Hannafin, J. A. (2010). Adhesive capsulitis: a 
review of current treatment. American Journal of Sports Medi-
cine, 38(11), 2346–2356.

	 31.	 Reeves, B. (1975). The natural history of the frozen shoulder syn-
drome. Scandinavian Journal of Rheumatology, 4(4), 193–196.

	 32.	 Hanchard, N. C., Goodchild, L., Thompson, J., O’Brien, T., 
Davison, D., & Richardson, C. (2012). Evidence-based clini-
cal guidelines for the diagnosis, assessment and physiotherapy 
management of contracted (frozen) shoulder: Quick reference 
summary. Physiotherapy, 98(2), 117–120.

	 33.	 Rai, S. K., Kashid, M., Chakrabarty, B., Upreti, V., & Shaki, O. 
(2019). Is it necessary to screen patient with adhesive capsulitis 
of shoulder for diabetes mellitus? Journal of Family Medicine 
and Primary Care, 8(9), 2927–2932.

	 34.	 Park, H. B., Gwark, J. Y., Kam, M., & Jung, J. (2020). Associa-
tion between fasting glucose levels and adhesive capsulitis in 
a normoglycemic population: A case-control study. Journal of 
Shoulder and Elbow Surgery, 29(11), 2240–2247.

	 35.	 Ramirez, J. (2019). Adhesive capsulitis: Diagnosis and manage-
ment. American Family Physician, 99(5), 297–300.

	 36.	 Okamura, K., & Ozaki, J. (1999). Bone mineral density of the 
shoulder joint in frozen shoulder. Archives of Orthopaedic and 
Trauma Surgery, 119(7–8), 363–367.

	 37.	 Fields, B. K. K., Skalski, M. R., Patel, D. B., White, E. A., Toma-
sian, A., Gross, J. S., et al. (2019). Adhesive capsulitis: Review 
of imaging findings, pathophysiology, clinical presentation, and 
treatment options. Skeletal Radiology, 48(8), 1171–1184.

	 38.	 Tandon, A., Dewan, S., Bhatt, S., Jain, A. K., & Kumari, R. 
(2017). Sonography in diagnosis of adhesive capsulitis of the 
shoulder: A case-control study. Journal of Ultrasound, 20(3), 
227–236.

	 39.	 Levine, W. N., Kashyap, C. P., Bak, S. F., Ahmad, C. S., Blaine, 
T. A., & Bigliani, L. U. (2007). Nonoperative management of 
idiopathic adhesive capsulitis. Journal of Shoulder and Elbow 
Surgery, 16(5), 569–573.

	 40.	 Vastamäki, H., Kettunen, J., & Vastamäki, M. (2012). The 
natural history of idiopathic frozen shoulder: A 2- to 27-year 
followup study. Clinical Orthopaedics and Related Research, 
470(4), 1133–1143.

	 41.	 Redler, L. H., & Dennis, E. R. (2019). Treatment of adhesive 
capsulitis of the shoulder. Journal of American Academy of 
Orthopaedic Surgeons, 27(12), e544–e554.

	 42.	 Wang, J. P., Huang, T. F., Ma, H. L., Hung, S. C., Chen, T. H., 
& Liu, C. L. (2010). Manipulation under anaesthesia for fro-
zen shoulder in patients with and without non-insulin depend-
ent diabetes mellitus. International Orthopaedics, 34(8), 
1227–1232.

	 43.	 Sinha, R., Patel, P., Rose, N., Tuckett, J., Banerjee, A. N., Wil-
liams, J., et al. (2017). Analysis of hydrodilatation as part of 
a combined service for stiff shoulder. Shoulder Elbow, 9(3), 
169–177.

	 44.	 Erickson, B. J., Shishani, Y., Bishop, M. E., Romeo, A. A., & 
Gobezie, R. (2019). Adhesive capsulitis: Demographics and 
predictive factors for success following steroid injections and 
surgical intervention. Arthroscopy, Sports Medicine, and Reha-
bilitation, 1(1), e35–e40.

	 45.	 Tasto, J. P., & Elias, D. W. (2007). Adhesive capsulitis. Sports 
Medicine and Arthroscopy Review, 15(4), 216–221.

	 46.	 Favejee, M. M., Huisstede, B. M., & Koes, B. W. (2011). Frozen 
shoulder: the effectiveness of conservative and surgical inter-
ventions–systematic review. British Journal of Sports Medicine, 
45(1), 49–56.

	 47.	 Buchbinder R, Green S, Youd JM, Johnston RV. (2006). Oral 
steroids for adhesive capsulitis. Cochrane Database of Systematic 
Reviews (4),CD006189.

	 48.	 McKee, M. D., Waddell, J. P., Kudo, P. A., Schemitsch, E. H., 
& Richards, R. R. (2001). Osteonecrosis of the femoral head in 
men following short-course corticosteroid therapy: A report of 
15 cases. CMAJ, 164(2), 205–206.

	 49.	 Wang, W., Shi, M., Zhou, C., Shi, Z., Cai, X., Lin, T., et al. 
(2017). Effectiveness of corticosteroid injections in adhesive 
capsulitis of shoulder: A meta-analysis. Medicine (Baltimore), 
96(28), e7529.

	 50.	 Widiastuti-Samekto, M., & Sianturi, G. P. (2004). Frozen 
shoulder syndrome: Comparison of oral route corticosteroid 



308	 Indian Journal of Orthopaedics (2021) 55:299–309

1 3

and intra-articular corticosteroid injection. Medical Journal of 
Malaysia, 59(3), 312–316.

	 51.	 Lorbach, O., Anagnostakos, K., Scherf, C., Seil, R., Kohn, D., 
& Pape, D. (2010). Nonoperative management of adhesive cap-
sulitis of the shoulder: Oral cortisone application versus intra-
articular cortisone injections. Journal of Shoulder and Elbow 
Surgery, 19(2), 172–179.

	 52.	 Kim, K. H., Park, J. W., & Kim, S. J. (2018). High- vs low-dose 
corticosteroid injection in the treatment of adhesive capsulitis 
with severe pain: A randomized controlled double-blind study. 
Pain Medicine, 19(4), 735–741.

	 53.	 Yoon, S. H., Lee, H. Y., Lee, H. J., & Kwack, K. S. (2013). Opti-
mal dose of intra-articular corticosteroids for adhesive capsulitis: 
A randomized, triple-blind, placebo-controlled trial. American 
Journal of Sports Medicine, 41(5), 1133–1139.

	 54.	 Shang, X., Zhang, Z., Pan, X., Li, J., & Li, Q. (2019). Intra-artic-
ular versus subacromial corticosteroid injection for the treatment 
of adhesive capsulitis: A meta-analysis and systematic review. 
BioMed Research International, 2019, 1274790.

	 55.	 Sun, Y., Liu, S., Chen, S., & Chen, J. (2018). The effect of cor-
ticosteroid injection into rotator interval for early frozen shoul-
der: A randomized controlled trial. American Journal of Sports 
Medicine, 46(3), 663–670.

	 56.	 Choudhary MS AK, Ajay Pant. (2015). A comparative study of 
Triamcinolone and Methylprednisolone in Adhesive Capsulitis. 
International Journal of Medical Research Professionals, 1(3).

	 57.	 Sakeni, R. A., & Al-Nimer, M. S. (2007). Comparison between 
intraarticular triamcinolone acetonide and methylprednisolone 
acetate injections in treatment of frozen shoulder. Saudi Medi-
cal Journal, 28(5), 707–712.

	 58.	 Chávez-López, M. A., Navarro-Soltero, L. A., Rosas-Cabral, 
A., Gallaga, A., & Huerta-Yáñez, G. (2008). Methylpredniso-
lone versus triamcinolone in painful shoulder using ultrasound-
guided injection. Modern Rheumatology, 19(2), 147.

	 59.	 Song, A., Higgins, L. D., Newman, J., & Jain, N. B. (2014). 
Glenohumeral corticosteroid injections in adhesive capsulitis: 
A systematic search and review. PMR, 6(12), 1143–1156.

	 60.	 Waterbrook, A. L., Balcik, B. J., & Goshinska, A. J. (2017). 
Blood glucose levels after local musculoskeletal steroid injec-
tions in patients with diabetes mellitus: A clinical review. 
Sports Health, 9(4), 372–374.

	 61.	 Sun, Y., Zhang, P., Liu, S., Li, H., Jiang, J., Chen, S., et al. 
(2017). Intra-articular steroid injection for frozen shoulder: A 
systematic review and meta-analysis of randomized controlled 
trials with trial sequential analysis. American Journal of Sports 
Medicine, 45(9), 2171–2179.

	 62.	 Xiao, R. C., Walley, K. C., DeAngelis, J. P., & Ramappa, A. 
J. (2017). Corticosteroid injections for adhesive capsulitis: A 
review. Clinical Journal of Sport Medicine, 27(3), 308–320.

	 63.	 Page, M.J., Green, S., Kramer, S., Johnston, R.V., McBain, 
B., Buchbinder, R. (2014). Electrotherapy modalities for adhe-
sive capsulitis (frozen shoulder). Cochrane Database System 
Review, (10), CD011324.

	 64.	 Dudkiewicz, I., Oran, A., Salai, M., Palti, R., & Pritsch, M. 
(2004). Idiopathic adhesive capsulitis: Long-term results of 
conservative treatment. Israel Medical Association Journal, 
6(9), 524–526.

	 65.	 Page, M,J., Green, S., Kramer, S., Johnston, R.V., McBain, 
B., Chau, M., et al. (2014). Manual therapy and exercise for 
adhesive capsulitis (frozen shoulder). Cochrane Database of 
Systematic Reviews, (8),CD011275.

	 66.	 Chan, H. B. Y., Pua, P. Y., & How, C. H. (2017). Physical ther-
apy in the management of frozen shoulder. Singapore Medical 
Journal, 58(12), 685–689.

	 67.	 Griggs, S. M., Ahn, A., & Green, A. (2000). Idiopathic adhe-
sive capsulitis. A prospective functional outcome study of 

nonoperative treatment. Journal of Bone and Joint Surgery 
America, 82(10), 1398–1407.

	 68.	 Kivimäki, J., Pohjolainen, T., Malmivaara, A., Kannisto, M., 
Guillaume, J., Seitsalo, S., et al. (2007). Manipulation under 
anesthesia with home exercises versus home exercises alone 
in the treatment of frozen shoulder: A randomized, controlled 
trial with 125 patients. Journal of Shoulder and Elbow Sur-
gery, 16(6), 722–726.

	 69.	 Buchbinder, R., Green, S., Forbes, A., Hall, S., & Lawler, G. 
(2004). Arthrographic joint distension with saline and steroid 
improves function and reduces pain in patients with painful 
stiff shoulder: results of a randomised, double blind, placebo 
controlled trial. Annals of the Rheumatic Diseases, 63(3), 
302–309.

	 70.	 Piotte, F., Gravel, D., Moffet, H., Fliszar, E., Roy, A., Nadeau, 
S., et al. (2004). Effects of repeated distension arthrographies 
combined with a home exercise program among adults with idi-
opathic adhesive capsulitis of the shoulder. American Journal 
of Physical Medicine & Rehabilitation, 83(7), 537–546. (quiz 
547–539).

	 71.	 Paruthikunnan, S. M., Shastry, P. N., Kadavigere, R., Pandey, V., 
& Karegowda, L. H. (2020). Intra-articular steroid for adhesive 
capsulitis: does hydrodilatation give any additional benefit? A 
randomized control trial. Skeletal Radiology, 49(5), 795–803.

	 72.	 Saltychev, M., Laimi, K., Virolainen, P., & Fredericson, M. 
(2018). Effectiveness of hydrodilatation in adhesive capsulitis of 
shoulder: A systematic review and meta-analysis. Scandinavian 
Journal of Surgery , 107(4), 285–293.

	 73.	 Sahin, F., Yilmaz, F., Kotevoglu, N., & Kuran, B. (2006). Effi-
cacy of salmon calcitonin in complex regional pain syndrome 
(type 1) in addition to physical therapy. Clinical Rheumatology, 
25(2), 143–148.

	 74.	 Yang, R., Deng, H., Hou, J., Li, W., Zhang, C., Yu, M., et al. 
(2020). Investigation of salmon calcitonin in regulating fibrosis-
related molecule production and cell-substrate adhesion in frozen 
shoulder synovial/capsular fibroblasts. Journal of Orthopaedic 
Research, 38(6), 1375–1385.

	 75.	 Chen, C. Y., Hu, C. C., Weng, P. W., Huang, Y. M., Chiang, C. 
J., Chen, C. H., et al. (2014). Extracorporeal shockwave therapy 
improves short-term functional outcomes of shoulder adhesive 
capsulitis. Journal of Shoulder and Elbow Surgery, 23(12), 
1843–1851.

	 76.	 Ben-Arie, E., Kao, P. Y., Lee, Y. C., Ho, W. C., Chou, L. W., & 
Liu, H. P. (2020). The effectiveness of acupuncture in the treat-
ment of frozen shoulder: A systematic review and meta-analy-
sis. Evidence-Based Complementary and Alternative Medicine, 
2020, 9790470.

	 77.	 Lo, M. Y., Wu, C. H., Luh, J. J., Wang, T. G., Fu, L. C., Lin, J. 
G., et al. (2020). The effect of electroacupuncture merged with 
rehabilitation for frozen shoulder syndrome: A single-blind 
randomized sham-acupuncture controlled study. Journal of the 
Formosan Medical Association, 119(1 Pt 1), 81–88.

	 78.	 Rangan, A., Hanchard, N., & McDaid, C. (2016). What is the 
most effective treatment for frozen shoulder? BMJ, 354, i4162.

	 79.	 Mortada, M. A., Ezzeldin, N., Abbas, S. F., Ammar, H. A., & 
Salama, N. A. (2017). Multiple versus single ultrasound guided 
suprascapular nerve block in treatment of frozen shoulder in dia-
betic patients. Journal of Back and Musculoskeletal Rehabilita-
tion, 30(3), 537–542.

	 80.	 Ozkan, K., Ozcekic, A. N., Sarar, S., Cift, H., Ozkan, F. U., & 
Unay, K. (2012). Suprascapular nerve block for the treatment of 
frozen shoulder. Saudi Journal of Anaesthesia, 6(1), 52–55.

	 81.	 Karas, V., Riboh, J. C., & Garrigues, G. E. (2016). Arthroscopic 
Management of the Stiff Shoulder. JBJS Review, 4(4), e21-27.

	 82.	 Kraal, T., Beimers, L., The, B., Sierevelt, I., van den Bekerom, 
M., & Eygendaal, D. (2019). Manipulation under anaesthesia for 



309Indian Journal of Orthopaedics (2021) 55:299–309	

1 3

frozen shoulders: Outdated technique or well-established quick 
fix? EFORT Open Reviews, 4(3), 98–109.

	 83.	 Lee, S.-J., Jang, J.-H., & Hyun, Y.-S. (2020). Can manipula-
tion under anesthesia alone provide clinical outcomes similar to 
arthroscopic circumferential capsular release in primary frozen 
shoulder (FS)?: The necessity of arthroscopic capsular release 
in primary FS. Clinical Shoulder Elbow, 23(4), 169–177.

	 84.	 Kivimäki, J., & Pohjolainen, T. (2001). Manipulation under 
anesthesia for frozen shoulder with and without steroid injec-
tion. Archives of Physical Medicine and Rehabilitation, 82(9), 
1188–1190.

	 85.	 Farrell, C. M., Sperling, J. W., & Cofield, R. H. (2005). Manipu-
lation for frozen shoulder: Long-term results. Journal of Shoul-
der and Elbow Surgery, 14(5), 480–484.

	 86.	 Vastamäki, H., & Vastamäki, M. (2013). Motion and pain relief 
remain 23 years after manipulation under anesthesia for frozen 
shoulder. Clinical Orthopaedics and Related Research, 471(4), 
1245–1250.

	 87.	 Thomas, W. J., Jenkins, E. F., Owen, J. M., Sangster, M. J., Kiru-
banandan, R., Beynon, C., et al. (2011). Treatment of frozen 
shoulder by manipulation under anaesthetic and injection: Does 
the timing of treatment affect the outcome? Journal of Bone and 
Joint Surgery. British Volume, 93(10), 1377–1381.

	 88.	 Vastamäki, H., Varjonen, L., & Vastamäki, M. (2015). Optimal 
time for manipulation of frozen shoulder may be between 6 and 
9 months. Scandinavian Journal of Surgery, 104(4), 260–266.

	 89.	 Jacobs, L. G., Smith, M. G., Khan, S. A., Smith, K., & Joshi, 
M. (2009). Manipulation or intra-articular steroids in the man-
agement of adhesive capsulitis of the shoulder? A prospective 
randomized trial. Journal of Shoulder and Elbow Surgery, 18(3), 
348–353.

	 90.	 Hamdan, T. A., & Al-Essa, K. A. (2003). Manipulation under 
anaesthesia for the treatment of frozen shoulder. International 
Orthopaedics, 27(2), 107–109.

	 91.	 Jenkins, E. F., Thomas, W. J., Corcoran, J. P., Kirubanandan, 
R., Beynon, C. R., Sayers, A. E., et al. (2012). The outcome of 
manipulation under general anesthesia for the management of 
frozen shoulder in patients with diabetes mellitus. Journal of 
Shoulder and Elbow Surgery, 21(11), 1492–1498.

	 92.	 Woods, D. A., & Loganathan, K. (2017). Recurrence of fro-
zen shoulder after manipulation under anaesthetic (MUA): the 
results of repeating the MUA. The Bone & Joint Journal, 99(6), 
812–817.

	 93.	 Magnussen, R. A., & Taylor, D. C. (2011). Glenoid fracture dur-
ing manipulation under anesthesia for adhesive capsulitis: A case 
report. Journal of Shoulder and Elbow Surgery, 20(3), e23-26.

	 94.	 Loew, M., Heichel, T. O., & Lehner, B. (2005). Intraarticular 
lesions in primary frozen shoulder after manipulation under gen-
eral anesthesia. Journal of Shoulder and Elbow Surgery, 14(1), 
16–21.

	 95.	 Miyazaki, A. N., Santos, P. D., Silva, L. A., Sella, G. D., Car-
renho, L., & Checchia, S. L. (2017). Clinical evaluation of 
arthroscopic treatment of shoulder adhesive capsulitis. Revista 
Brasileira de Ortopedia, 52(1), 61–68.

	 96.	 Nunez, F. A., Papadonikolakis, A., & Li, Z. (2016). Arthroscopic 
release of adhesive capsulitis of the shoulder complicated with 
shoulder dislocation and brachial plexus injury. Journal of Surgi-
cal Orthopaedic Advance, 25(2), 114–116.

	 97.	 Grant, J. A., Schroeder, N., Miller, B. S., & Carpenter, J. E. 
(2013). Comparison of manipulation and arthroscopic capsular 
release for adhesive capsulitis: A systematic review. Journal of 
Shoulder and Elbow Surgery, 22(8), 1135–1145.

	 98.	 Cvetanovich, G. L., Leroux, T. S., Bernardoni, E. D., Hama-
moto, J. T., Saltzman, B. M., Verma, N. N., et al. (2018). Clinical 
outcomes of arthroscopic 360° capsular release for idiopathic 
adhesive capsulitis in the lateral decubitus position. Arthroscopy, 
34(3), 764–770.

	 99.	 Le Lievre, H. M., & Murrell, G. A. (2012). Long-term outcomes 
after arthroscopic capsular release for idiopathic adhesive cap-
sulitis. Journal of Bone and Joint Surgery. American Volume, 
94(13), 1208–1216.

	100.	 Lafosse, L., Boyle, S., Kordasiewicz, B., Aranberri-Gutiérrez, 
M., Fritsch, B., & Meller, R. (2012). Arthroscopic arthrolysis 
for recalcitrant frozen shoulder: A lateral approach. Arthroscopy, 
28(7), 916–923.

	101.	 Forsythe, B., Lavoie-Gagne, O., Patel, B.H., Lu, Y., Ritz, E., 
Chahla, J., et al. (2020). Efficacy of arthroscopic surgery in the 
management of adhesive capsulitis: A systematic review and net-
work meta-analysis of randomized controlled trials. Arthroscopy.

	102.	 Boutefnouchet, T., Jordan, R., Bhabra, G., Modi, C., & Saithna, 
A. (2019). Comparison of outcomes following arthroscopic 
capsular release for idiopathic, diabetic and secondary shoul-
der adhesive capsulitis: A systematic review. Orthopaedics and 
Traumatology: Surgery and Research, 105(5), 839–846.

	103.	 Ogilvie-Harris, D. J., & Wiley, A. M. (1986). Arthroscopic sur-
gery of the shoulder. A general appraisal. Journal of Bone and 
Joint Surgery. British, 68(2), 201–207.

	104.	 Smith, C. D., Hamer, P., & Bunker, T. D. (2014). Arthroscopic 
capsular release for idiopathic frozen shoulder with intra-articu-
lar injection and a controlled manipulation. Annals of the Royal 
College of Surgeons of England, 96(1), 55–60.

	105.	 Su, Y.-D., Lee, T.-C., Lin, Y.-C., & Chen, S.-K. (2019). 
Arthroscopic release for frozen shoulder: Does the timing of 
intervention and diabetes affect outcome? PLoS One, 14(11), 
e0224986–e0224986.

	106.	 Hagiwara, Y., Sugaya, H., Takahashi, N., Kawai, N., Ando, A., 
Hamada, J., et al. (2015). Effects of intra-articular steroid injec-
tion before pan-capsular release in patients with refractory fro-
zen shoulder. Knee Surgery, Sports Traumatology, Arthroscopy, 
23(5), 1536–1541.

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


	Clinical Guidelines in the Management of Frozen Shoulder: An Update!
	Abstract
	Introduction
	Clinical Features and Clinicopathological Stages
	Investigations
	Treatment
	Non-operative Treatment of Frozen Shoulder
	Operative Management of Frozen Shoulder

	Conclusion
	References




