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 � SHOULDER & ELBOW

Effectiveness of interventions for the 
management of primary frozen shoulder
A SYSTEMATIC REVIEW OF RANDOMIZED TRIALS

Aims
This systematic review places a recently completed multicentre randomized controlled trial (RCT), 
UK FROST, in the context of existing randomized evidence for the management of primary frozen 
shoulder. UK FROST compared the effectiveness of pre- specified physiotherapy techniques with a 
steroid injection (PTSI), manipulation under anaesthesia (MUA) with a steroid injection, and ar-
throscopic capsular release (ACR). This review updates a 2012 review focusing on the effectiveness 
of MUA, ACR, hydrodilatation, and PTSI.

Methods
MEDLINE, Embase, PEDro, Science Citation Index,  Clinicaltrials. gov, CENTRAL, and the 
World Health Organization (WHO) International Clinical Trials Registry were searched up 
to December 2018. Reference lists of included studies were screened. No language re-
strictions applied. Eligible studies were RCTs comparing the effectiveness of MUA, ACR, 
PTSI, and hydrodilatation against each other, or supportive care or no treatment, for the 
management of primary frozen shoulder.

Results
Nine RCTs were included. The primary outcome of patient- reported shoulder function 
at long- term follow- up (> 6 months and ≤ 12 months) was reported for five treatment 
comparisons across four studies. Standardized mean differences (SMD) were: ACR versus 
MUA: 0.21 (95% confidence interval (CI) 0.00 to 0.42), ACR versus supportive care: -0.13 
(95% CI -1.10 to 0.83), and ACR versus PTSI: 0.33 (95% CI 0.07 to 0.59) and 0.25 (95% CI 
-0.34 to 0.85), all favouring ACR; MUA versus supportive care: 0 (95% CI -0.44 to 0.44) not 
favouring either; and MUA versus PTSI: 0.12 (95% CI -0.14 to 0.37) favouring MUA. None 
of these differences met the threshold of clinical significance agreed for the UK FROST and 
most confidence intervals included zero.

Conclusion
The findings from a recent multicentre RCT provided the strongest evidence that, when 
compared with each other, neither PTSI, MUA, nor ACR are clinically superior. Evidence 
from smaller RCTs did not change this conclusion. The effectiveness of hydrodilatation 
based on four RCTs was inconclusive and there remains an evidence gap.
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Introduction
Primary frozen shoulder, or adhesive capsu-
litis, is a painful stiffness of the shoulder 
(glenohumeral) joint that commonly affects 
people in the sixth decade of life.1,2 The exact 
cause remains unknown. Multiple treat-
ment choices are available with arthroscopic 

capsular release (ACR) being the most inva-
sive followed by manipulation under anaes-
thesia (MUA), hydrodilatation, physiotherapy 
techniques with steroid injection (PTSI), and 
standard supportive care being the least 
invasive. Treatment is often offered from least 
to most invasive.3
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There have been multiple systematic reviews on treat-
ments for frozen shoulder specifically, or shoulder pain 
in general.4-8 In 2012, a National Institute for Health 
Research Health Technology Assessment (NIHR HTA) 
programme- funded systematic review undertook a broad 
review of noninvasive and invasive treatments for frozen 
shoulder.9 The authors concluded that there was limited 
clinical evidence on the effectiveness of different treat-
ment options in the management of a primary frozen 
shoulder, including hydrodilatation, MUA, and ACR.9 The 
review findings informed the design and funding of the 

multicentre randomized, parallel group, superiority trial 
called UK FROST.10,11

UK FROST compared the clinical and cost- effectiveness 
of PTSI, MUA, and ACR in secondary care for patients 
with primary frozen shoulder. Both MUA and ACR were 
followed with a programme of prespecified physiotherapy 
techniques.12 As this was a large trial of three key treat-
ment options for frozen shoulder it was timely to update 
the 2012 systematic review in the context of current 
randomized evidence for these specific interventions. 
The previous review included comparison of different 

Fig. 1

Flow diagram.
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physiotherapy techniques. This is outside the remit of the 
current review and has also been the subject of several 
other reviews.3,4,13 In a survey of UK health professionals 
published in 2012, only 5% reported using hydrodilata-
tion in the treatment of primary frozen shoulder.14 Since 
then, there has been anecdotal evidence that this treat-
ment option has increased in popularity and so was 
considered important to include in this review. Therefore, 
the aim of the review was to assess the effectiveness of 
MUA, ACR, hydrodilatation, and PTSI in the management 
of patients with a primary frozen shoulder.

Methods
The protocol for this review and the findings are reported 
in alignment with the Preferred Reporting Items for 
Systematic review and Meta- Analysis Protocols (PRIS-
MA- P) checklist and the PRISMA guidance, respectively.15,16

Protocol and registration. The review was undertak-
en based on a prospectively developed and regis-
tered protocol, International Prospective Register of 
Systematic Reviews (PROSPERO) registration number: 
CRD42019122999.
Eligibility criteria. Randomized clinical trials (RCTs) in-
cluding people aged 18 years or older and with over 
90% of participants with idiopathic (primary) frozen 
shoulder (adhesive capsulitis), with or without diabe-
tes, were included. Studies treating general shoulder 
conditions were only included if outcomes were report-
ed separately for participants with a frozen shoulder.

Eligible interventions were: MUA with or without 
a steroid injection; ACR, with or without an MUA 
but not ‘open’ capsular release; any form of physio-
therapy techniques with steroid injection (PTSI); and 

hydrodilatation, with or without guidance by radio-
logical imaging. MUA, ACR, and hydrodilatation were 
included with or without follow- up physiotherapy. Any 
of the included interventions, supportive care (e.g. leaf-
lets, home exercises, watchful waiting, painkillers), or 
no treatment were allowed as a comparator.

The primary outcome was patient self- reported func-
tion and disability (e.g. Oxford Shoulder Score, Shoulder 
Disability Questionnaire). The primary endpoint was 
12- month follow- up. Other outcomes were: quality of 
life (using standardized outcome measures), pain (e.g. 
visual analogue pain scores), time to recovery, return 
to work and recreation, complications, and adverse 
events (number and type). There was no restric-
tion on the setting in which a study was undertaken. 
No language restrictions were applied (one abstract 
screened required translation from German, which was 
conducted by AK).
Information sources and search. The search strate-
gy used in the 2012 review was adapted to search 
for any new RCTs of the interventions of interest (see 
Supplementary Material).9 The searches for the origi-
nal systematic review were undertaken in March 2010; 
therefore, the start date of January 2010 was used for 
the updated search, and overlapping was used to al-
low for any delays in articles being added to the bibli-
ographic databases. MEDLINE, Embase, PEDro, Science 
Citation Index, and  Clinicaltrials. gov were searched 
on 7 December 2018; Cochrane Central Register 
of Controlled Trials (CENTRAL) was searched on 5 
December 2018; and WHO International Clinical Trials 
Registry was searched on 11 December 2018. The refer-
ence lists of eligible studies were reviewed for further 

Table I. Summary of study characteristics.

Description Country
Number 
randomized Interventions

Number of 
sites

Number 
dropped 
out, n (%)

Mean 
age, yrs
(SD) Females, %

Included 
diabetic 
patients?

Diabetic 
patients, n 
(%)

Mean duration of 
symptoms, mths

UK FROST
Unpublished data, 
since published)11

UK 503 1. MUA
2. ACR
3. Steroid and 

physio

35 57 (11.33) 54.3 (7.7) 63.42 Yes 150 (29.82) 10.9

De Carli24 Italy 46 1. ACR
2. Steroid and 

physio

1 2 (4.35) 55.6 54.35 Yes 6 (13.04)   N/A

Gallacher et al29 UK 50 1. ACR
2. Hydrodilatation

1 11 (22) 53.9 (9) 70.00 Yes 8 (16)   N/A

Jacobs26 UK 53 1. MUA
2. Hydrodilatation

1 10 (18.87) 56.75 66.04 No 0 4.4

Kivimaki28 Finland 125 1. MUA
2. Supportive care

3 46 (36.8) 53 (8.5) 68.00 Yes 18 (14.4) 7.2

Mukherjee et al25 India 60 1. ACR
2. Steroid and 

physio

1 4 (6) 50.4 (8.8) 58.93 Yes 16 (28.57) 6.3

Mun and Baek31 Korea 136 1. Steroid and 
physio

2. Hydrodilatation

1 15 (11.03) 53.01 
(6.15)

62.81 Unknown   N/A 6.5

Quraishi27 UK 36 1. MUA
2. Hydrodilatation

1 3 (8.33) 54.87 58.33 Yes 6 (16.67) 8.9

Smitherman et al30 USA 26 1. ACR
2. Supportive care

1 9 (34.62) 51.75 (9.2) N/A Yes   N/A   N/A

ACR, arthroscopic capsular release; MUA, manipulation under anaesthesia; N/A, not available; SD, standard deviation.



BONE & JOINT OPEN 

S. REX, L. KOTTAM, C. MCDAID, S. BREALEY, J. DIAS, C. HEWITT, A. KEDING, S. E. LAMB, K. WRIGHT, A. RANGAN776

studies. The RCTs identified from the original review 
were reassessed for inclusion in this review.
Study selection. Literature search results were uploaded 
to Clarivate’s EndNote referencing software (Clarivate 
Analytics, USA) and exported to Covidence,17 an online 
systematic review programme to remove duplicates 
and facilitate collaboration.17 Two researchers (SR and 
LK) independently screened all titles and abstracts, to 
identify potentially relevant studies. Full manuscripts 
of potentially relevant studies were independently as-
sessed by the two researchers against the eligibility cri-
teria. Disagreements over eligibility were resolved by 
recourse to a third researcher (SB).17

Data collection process. A data extraction form was de-
veloped in Microsoft Excel, piloted and adjusted using a 
small selection of studies. Data extraction was performed 
by one author (SR) and checked by a second researcher 
(LK). Any discrepancies were resolved through discussion 
or by recourse to a third researcher (SB). UK FROST results 
were obtained from the trial statistician which were un-
published data at the time of this review’s analysis.
Data items. Information on study design, number ran-
domized, loss to follow- up, country, setting, patient 
characteristics (including average age, sex, presence of 
diabetes, stage of condition), description of the interven-
tions (and comparators), concomitant treatments, and 
outcome measures used were extracted from all the in-
cluded studies. When the number of participants in an 
analysis was unclear, the number randomized minus the 
number of dropouts was used.
Risk of bias in individual studies. The Cochrane Risk of Bias 
Tool18 was used to assess the risk of bias in included RCTs.19 
Quality assessment was undertaken by one researcher 
(SR) and checked by a second (LK); disagreements were 
adjudicated by a third researcher (SB). Baseline hetero-
geneity was explored by carrying out a random effects 

meta- analysis of baseline age by treatment group.20 This 
was to explore for any potential selection bias.
Summary measures. The primary outcome was patient 
self- reported shoulder function and disability. Outcomes 
were grouped as short- (three months or closest), medi-
um- (six months or closest), and long- term (12 months or 
closest; primary) follow- up.

For continuous outcomes the post- intervention mean 
(standard deviation (SD) and number of participants) or 
the mean change from baseline for each group (SD of 
the change and number of participants) or the effect esti-
mate and standard error (SE) were extracted. Both unad-
justed and adjusted data were extracted, but the latter 
used where possible. Standard data imputation methods 
were used, where necessary, to calculate SDs or SEs.19 
When that was not possible the average SD across all 
trials or other existing literature were used. Where only 
median and ranges are reported, these were extracted, 
and, if necessary, used to calculate the mean and SD.21

Synthesis of results. A narrative and tabular summary of 
key study characteristics, results, and quality assessment 
were provided. An assessment was made about the clini-
cal and methodological similarity of included RCTs to es-
tablish whether a quantitative synthesis was appropriate. 
Studies were grouped by intervention and comparator.

Where there were more than two studies reporting the 
same outcome, they were pooled using a random effects 
meta- analysis. A weighted mean difference (if the same 
scales were used) or standardized mean difference (SMD) 
(if different measurements scales were used) were calcu-
lated for continuous outcomes and risk ratio for dichoto-
mous outcomes. Where estimates and SEs were extracted, 
a generic inverse variance approach was used. Statistical 
heterogeneity was assessed using the chi- squared test 
and quantified using the I- squared statistic. Trials with 
more than two treatment comparisons were treated as 

Table II. Baseline pain and functioning.

Study Outcome Outcome description MUA ACR
Steroid + 
physiotherapy Hydrodilatation Supportive care

UK FROST11

Mean (SD)
Pain NRS Range: 0 to 10; lower is better 6.8 (2.23) 7 (1.89) 6.9 (2.37) N/A N/A

OSS Range: 0 to 60; higher is better 20.5 (8.88) 19.1 (7.72) 20.3 (7.97) N/A N/A

De Carli24

Mean (SD not 
available)

SST Range: 0 to 100; higher is better N/A 15.6 30.1 N/A N/A

Gallacher et al29

Mean (SD)
OSS Range: 0 to 60; higher is better N/A 17.3 (7.2) N/A 16.2 (5.2) N/A

Kivimaki28

Mean (SD)
SDQ Range: 0 to 28; lower is better 22.7 (4.9) N/A N/A N/A 21.7 (4.6)

Mukherjee et al25

Mean (SD)
Pain VAS Range: 0 to 10; lower is better N/A 7.1 (1.8) 7.1 (1.8) N/A N/A

Quraishi27

Mean (range)
Pain VAS Range: 0 to 10; lower is better 5.7 (3 to 8.5) N/A N/A 6.1 (4 to 10) N/A

Smitherman30

Mean (SD)
SPADI Range: 0 to 100; lower is better N/A 70 (11) N/A N/A 82 (12)

N/A, not applicable; NRS, numerical rating scale; OSS, Oxford Shoulder Score; SDQ, Shoulder Disability Questionnaire; SPADI, Shoulder Pain and Disability 
Index; SST, Simple Shoulder Test; VAS,  visual analogue scale.
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multiple individual trials by splitting the shared group 
into two or more groups. No formal statistical pooling 
of complications was undertaken, instead a descriptive 
summary was provided. All statistical analyses were 
carried out using RevMan 5 and STATA v15 (StataCorp, 
USA).
Risk of bias across studies. The effect of risk of bias on the 
effect estimate in a sensitivity analysis was not undertaken 

as planned by omitting studies that were judged to be of 
high risk of bias, as there were insufficient studies. To ex-
plore the potential for reporting bias, funnel plots would 
be generated.22,23

Additional analysis. Network meta- analysis and sub- 
group analysis on studies with and without diabetic pa-
tients were not undertaken as planned in the protocol 
due to the limited number of studies included.

Overall (I−squared = 0.0%)

Smitherman, 2015

Quraishi, 2007

Mun and Baek, 2016

Mukherjee et al., 2017

Kivimaki, 2007

Jacobs, 2009

Gallacher et al., 2018

De Carli, 2012

UK FROST*

UK FROST*

UK FROST*

Study reference

−0.08 (−0.21, 0.06)

−0.05 (−0.82, 0.71)

−0.09 (−0.74, 0.57)

−0.29 (−0.63, 0.05)

−0.51 (−1.03, 0.00)

0.00 (−0.35, 0.35)

0.06 (−0.48, 0.60)

−0.29 (−0.85, 0.27)

0.37 (−0.22, 0.95)

−0.08 (−0.49, 0.34)

0.00 (−0.42, 0.42)

0.08 (−0.26, 0.42)

Effect (95% CI)

−1 0 1
Age standardized mean difference

NOTE: Weights are from random−effects model; DerSimonian−Laird estimator

Baseline age heterogeneity

Fig. 2

Baseline age heterogeneity *For UK FROST, total number of patients in each group were divided by three, to account for multiple comparisons. CI, confidence 
interval.

Fig. 3

Risk of bias summary (% of studies).
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Results
Study selection. There were 2,786 studies identified 
through database screening and 31 studies identified 
through other sources, such as the previous review and 
citations from selected studies. Following deduplication, 
2,813 studies were transferred to Covidence for screen-
ing. A further four studies were removed as duplicates. 
A total of 2,531 studies were excluded when screening 
the title and abstract. Overall, 282 full- text studies were 
assessed; 273 studies were excluded due to not meeting 
our eligibility criteria, or when insufficient information 
was available (clarification was sought from correspond-
ing authors). The list of the excluded studies is available 
from the authors on request. Nine studies were eligible 

for inclusion. Figure  1 summarizes the study selection 
process.
Study characteristics. Eight of the studies were published 
between 2007 and 2018 and unpublished data were sup-
plied by the UK FROST trial team. The results of this trial 
have since been published in 2020.11 Four of the included 
studies were published since the 2012 HTA review. There 
were eight two- arm trials and a single three- arm trial. UK 
FROST is the only study that compared MUA with PTSI or 
ACR with MUA. Three studies - UK FROST,11 De Carli,24 and 
Mukherjee et al25 - compared ACR with PTSI. Two studies, 
Jacobs26 and Quraishi,27 compared MUA with hydrodila-
tation. Kivimaki28 compared MUA with supportive care. 
Gallacher et al29 is the only study that compared ACR with 
hydrodilatation. Smitherman30 compared ACR with sup-
portive care. Mun and Baek31 compared hydrodilatation 
with PTSI.

The interventions varied considerably between 
studies, for example, ACR was performed with MUA in 
two studies,11,24 and without MUA in three studies.26,28,29 
The eligibility criteria were consistent across studies. Final 
follow- up for most studies was 12 months but it ranged 
from 20 weeks to 24 months. Table I provides a summary 
of study characteristics. Additional details and eligibility 
criteria can be found in Supplementary Tables i and ii.

Only patient- reported shoulder function scores and 
pain scores were extracted for baseline as these were the 
most commonly reported outcomes. Table  II provides 
an overview of pain and shoulder function measures 
reported in the individual studies and baseline scores 
for each intervention group. The outcome measures 
reported at baseline were insufficient, therefore compar-
ison between studies could not be made. Two included 
studies show evidence of baseline imbalance between 
the two groups, which could affect the precision of the 
unadjusted differences in outcome.24,30

At baseline, the mean age of patients in all RCTs was 
the sixth decade of their life (fifties). The percentage of 
females ranged from 54% to 70%. Seven of the nine RCTs 
were known to include diabetics. Duration of symptoms 
ranged from four to 11 months. Baseline heterogeneity 
in age was assessed for the different treatment groups 
(Figure  2). Only one study resulted in an upper confi-
dence interval that was not positive (i.e. zero).25 The 
overall I2 measure of heterogeneity was 0%. This suggests 
that that there is no reason to suspect selection bias in the 
included studies based on age at baseline.20 Other base-
line variables were not included for this assessment, as 
they were not fully reported.
Risk of bias within studies. Most of the studies reported 
how the allocation sequence was generated and con-
cealed. Due to the nature of the interventions, partici-
pants were not blinded to their treatment group. Since 
the outcomes of interest for this review were all patient- 
reported, all studies were marked as high risk of bias for 

Fig. 4

Risk of bias by study.
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‘blinding of participants and personnel’ and ‘blinding of 
outcome assessment’, following Cochrane guidance.18

Studies with high attrition rate (i.e. over 30% in any 
single arm) were marked as high risk of bias for ‘incom-
plete outcome data’.26,28,30 Two studies were marked as 
high risk of bias for selective reporting, as one of them 
reported an outcome measure for only one of their time-
points,24 and another did not reporting on their final 
follow- up.26

Three studies did not provide clear reasons for non- 
consent and dropouts;24,28,29 one study only followed up 
patients for 20 weeks;25 and one was from a single insti-
tution.31 These studies were marked as ‘unclear’ for other 
risk of bias. One study had all MUA treatments performed 
by a single surgeon and hydrodilatation by another 
doctor, potentially introducing treatment bias.27 Another 
reported treatment effectiveness based on a very low 
sample size.30 These studies were considered as ‘high’ for 
other risk of bias. Figures 3 and 4 illustrate risk of bias in 
the included studies.

Due to the limited number of eligible studies with 
multiple treatment comparisons, publication bias was 
hard to establish. A funnel plot was used to visualize the 
standardized mean difference of shoulder function in the 
long term (Supplementary Figure b).

Primary outcomes. The primary outcome of shoulder 
function score was reported for five studies comparing 
six combinations of interventions.

Gallacher et al29 compared ACR with hydrodilata-
tion. At their final follow- up at six months, the Oxford 
Shoulder Score (OSS) was significantly better in the ACR 
group than in the hydrodilatation group (unadjusted 
mean difference: 5.3 (95% CI 1.16 to 9.44)).

Smitherman et al30 compared ACR with supportive 
care. At their final follow- up at 12 months, participants 
randomized to ACR had slightly better SPADI scores 
than the supportive care group but this difference was 
not statistically significant (unadjusted mean difference: 
-5.00 (95% CI -29.16 to 19.16)).

Three studies compared ACR to PTSI,10,24,25 and two 
reported function and disability at 12 months,10,24 
with the other study reporting pain only.25 De Carli24 
reported the primary outcome (Simple Shoulder Test) 
at 12 months (unadjusted mean difference: 0.59 (95% 
CI -0.77 to 1.95)) and UK FROST reported the primary 
outcome (OSS) at 12 months (adjusted mean differ-
ence: 3.06 (95% CI 0.71 to 5.41)).11 De Carli is a single 
centre study, while UK FROST is multicentre.

Kivimaki28 compared MUA with supportive care at 
their final follow- up at 12 months, and did not find any 

UK FROST (Long)
UK FROST (Medium)
UK FROST (Short)
MUA vs Steroid + Physio

Kivimaki, 2007 (Long)
Kivimaki, 2007 (Medium)
Kivimaki, 2007 (Short)
MUA vs Standard care

UK FROST (Long)
De Carli, 2012 (Long)
De Carli, 2012 (Medium)
UK FROST (Medium)
De Carli, 2012 (Short)
UK FROST (Short)
ACR vs Steroid + Physio

Smitherman, 2015 (Long)
Smitherman, 2015 (Short)
ACR vs Standard care

UK FROST (Long)
UK FROST (Medium)
UK FROST (Short)
ACR vs MUA

Gallacher et al., 2018 (Medium)
ACR vs Hydrodilatation

and studies
Treatment comparisons

0.11 (−0.14, 0.36)
0.24 (−0.01, 0.49)
−0.15 (−0.40, 0.10)

0.00 (−0.45, 0.45)
0.20 (−0.23, 0.63)
−0.04 (−0.43, 0.35)

0.33 (0.08, 0.58)
0.25 (−0.34, 0.84)
0.50 (−0.11, 1.11)
0.11 (−0.14, 0.36)
0.61 (0.00, 1.22)
−0.50 (−0.75, −0.25)

0.13 (−0.83, 1.09)
0.20 (−0.76, 1.16)

0.21 (−0.01, 0.43)
−0.13 (−0.35, 0.09)
−0.35 (−0.57, −0.13)

0.77 (0.12, 1.42)

Effect (95% CI)

Favours less−invasive intervention Favours more−invasive intervention
−1 0 1

Standardized mean difference

Shoulder scores

Fig. 5

Shoulder function scores. *Shoulder Disability Questionnaire and Shoulder Pain Disability Index Scores were reversed so that positive result implies better 
outcome. This was done to be consistent with other shoulder scores (e.g. Oxford Shoulder Score and Simple Shoulder Test). ACR, arthroscopic capsular 
release; CI, confidence interval; MUA, manipulation under anaesthesia.
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Table III. Summary of results.

Study Scale* Short term (≤ 3 mths) Medium term (> 3 and ≤ 6 mths) Long term (> 6 and ≤ 12 mths)

ACR vs Hydrodilatation

OSS (higher is better)

Gallacher et al,29 2018 (ACR: n 
= 25,
Hydro: n = 25)

MD 5.3 (1.16 to 9.44)

SMD 0.77 (0.12 to 1.42)

ACR vs MUA   

OSS (higher is better)

UK FROST11 (ACR: n = 203,
MUA: n = 201)

MD -3.36 (-5.27 to -1.45) -1.17 (-3.02 to 0.67) 2.01 (0.1 to 3.91)

SMD -0.35 (-0.56 to -0.14) -0.13 (-0.34 to 0.08) 0.21 (0.00 to 0.42)

NRS - Pain (lower is better)

UK FROST11

(ACR: n = 203,
MUA: n = 201)

MD 0.59 (0.1 to 1.07) 0.05 (-0.43 to 0.52) -0.73 (-1.2 to -0.25)

SMD 0.24 (0.03 to 0.44) 0.00 (-0.21 to 0.21) -0.32 (-0.53 to -0.11)

ACR vs Supportive care

SPADI (lower score is better)

Smitherman et al30

(ACR: n = 13,
Supportive care: n = 13)

MD  -5 (-29.16 to 19.16)  -2(-15.39 to 11.39)

SMD -0.20 (-1.17 to 0.77) -0.13 (-1.10 to 0.83)

ACR vs PTSI

OSS (higher is better)

UK FROST11

(ACR: n = 203,
PTSI: n = 99)

MD -4.72 (-7.06 to -2.39) 0.98 (-1.31 to 3.26) 3.06 (0.71 to 5.41)

SMD -0.50 (-0.76 to -0.24) 0.11 (-0.15 to 0.38) 0.33 (0.07 to 0.59)

SST (higher is better)

De Carli24

(ACR: n = 25, PTSI: n = 21)
MD 1.44 (0.08 to 2.8) 1.18 (-0.18 to 2.54) 0.59 (-0.77 to 1.95)

SMD 0.61 (0.01 to 1.22) 0.50 (-0.10 to 1.11) 0.25 (-0.34 to 0.85)

NRS - Pain (lower is better)

UK FROST11

(ACR: n = 203,
PTSI: n = 99)

MD 1.02 (0.42 to 1.61) -0.14 (-0.74 to 0.45) -0.81 (-1.39 to -0.23)

SMD 0.38 (0.13 to 0.64) -0.09 (-0.36 to 0.18) -0.38 (-0.64 to -0.12)

VAS – Pain (lower is better)

Mukherjee et al25 (ACR: n = 30
PTSI: n = 30)

MD -1.2 (-2.04 to -0.36) -1.2 (-2.04 to -0.36)

SMD -0.74 (-1.28 to -0.20) -0.74 (-1.28 to -0.20)

Hydrodilatation vs PTSI

VAS – Pain (lower is better)

Mun and Baek31

(Hydro: n = 67, PTSI: n = 69)
MD -0.9 (-1.16 to -0.64) -0.1 (-0.39 to 0.19)

SMD -1.23 (-1.62 to -0.84) -0.12 (-0.48 to 0.23)

MUA vs Hydrodilatation

VAS – Pain (lower is better)

Jacobs26

(MUA: n = 28, Hydro: n = 25)
MD -0.02 (-1.15 to 1.11)

SMD -0.01 (-0.61 to 0.59)

Quraishi27

(MUA: n = 17, Hydro: n = 19)
MD 2.3 (1.51 to 3.09) 1 (0.21 to 1.79)

SMD 1.90 (1.08 to 2.73) 0.83 (0.12 to 1.53)

MUA vs Supportive care

SDQ (lower score is better)

Kivimaki28

(MUA: n = 65, Supportive care: 
n = 60)

MD 0.3 (-2.69 to 2.75) -1.7 (-5.3 to 1.9) 0 (-3.2 to 3.2)

SMD 0.04 (-0.35 to 0.43) -0.2 (-0.63 to 0.23) 0 (-0.44 to 0.44)

MUA vs PTSI

OSS (higher is better)

UK FROST11

(MUA: n = 201,
PTSI: n = 99)

MD -1.36 (-3.7 to 0.98) 2.15 (-0.12 to 4.42) 1.05 (-1.28 to 3.39)

SMD -0.15 (-0.4 to 0.10) 0.24 (-0.02 to 0.51) 0.12 (-0.14 to 0.37)

NRS - Pain (lower is better)

UK FROST11

(MUA: n = 201,
PTSI: n = 99)

MD 0.43 (-0.17 to 1.03) -0.19 (-0.78 to 0.4) -0.08 (-0.66 to 0.5)

SMD 0.17 (-0.09 to 0.42) -0.09 (-0.35 to 0.18) -0.04 (-0.30 to 0.21)

SST score was reported as a percentage so was converted to original scale. SD was not provided so was imputed by taking the average SD reported by Yoon et al.32

VAS Pain SD was not reported by Quraishi.27 This value was imputed by taking the average SD reported from other VAS scores reported.
*Due to the variability in measures used in the included studies, the standardized mean difference in addition to mean difference are reported to allow comparison between 
studies.
ACR, arthroscopic capsular release; MD, mean difference; MUA, manipulation under anaesthesia; NRS, numerical rating scale; OSS, Oxford Shoulder Score; PTSI, 
physiotherapy techniques with steroid injection; SD, standard deviation; SDQ, Shoulder Disability Questionnaire; SMD, standardized mean difference; SPADI, Shoulder Pain 
and Disability Index; SST, Simple Shoulder Test; VAS, visual analogue scale.
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statistically significant difference between treatment 
groups (adjusted mean difference: 0.0 (95% CI -3.2 to 
3.2)). This study was conducted from three regional 
hospitals.

UK FROST found that at 12 months, participants 
randomized to ACR had significantly better OSS scores 
than MUA (2.01 (95% CI 0.10 to 3.91)) after adjusting 
for baseline OSS, age, sex, and diabetes. There was no 
statistically significant difference between MUA and 
PTSI (1.05 (95% CI -1.28 to 3.39)). None of these differ-
ences met the threshold of clinical significance agreed 
for the trial i.e. a four- point difference on the OSS 
between MUA and ACR (i.e. a SMD of 0.33), and a five- 
point difference between PTSI and either surgery (i.e. a 
SMD of 0.42).

Due to the limited number of included studies and 
heterogeneity (I2 ranging from 27% to 100%), for the 
other follow- up points, only a pooled estimate of the 
primary outcome of interest is reported (Supplemen-
tary Figure a).

The differences in short- and medium- term pain 
and shoulder function varied considerably between 
studies, whereas long- term outcomes tended to 
favour more invasive treatment, such as ACR generally. 
In Figure  5 a positive SMD indicates a more favour-
able outcome for the first treatment in each compar-
ison e.g. favours ACR in ACR versus PTSI. In Figure 6 a 

positive SMD indicates a more favourable outcome for 
the second treatment in each comparison e.g. favours 
PTSI in ACR versus PTSI.

Table  III contains both mean and standard mean 
differences for short-, medium-, and long- term follow- up 
periods for both shoulder function and pain score.
Secondary and additional outcomes: patient-report-
ed pain scores. The secondary outcome of patient- 
reported pain score was reported for five studies com-
paring five combinations of interventions.

Mukherjee et al25 compared ACR with PTSI. At their 
final follow- up at 20 weeks, participants in ACR group 
had statistically significant lower (less) pain than the 
PTSI group (unadjusted mean difference: -1.20 (95% CI 
-2.04 to -0.36)).

Mun and Baek31 compared hydrodilatation with 
PTSI. At their final follow- up at 12 months, there was 
no statistically significant difference between groups on 
VAS pain scores (adjusted mean difference: -0.10 (95% 
CI -0.39 to 0.19)). This was a single- centre study.

Jacobs26 and Quraishi27 compared MUA with hydrodi-
latation. Jacobs,26 in a single- centre study, reported VAS 
mean difference at 16 weeks and there was no statis-
tically significant difference between groups (adjusted 
mean difference: -0.02 (95% CI -1.15 to 1.11)). Quraishi27 
at six months’ follow- up found that VAS pain in the 
MUA group was significantly higher (worse) than in the 

UK FROST (Long)
UK FROST (Medium)
UK FROST (Short)
MUA vs Steroid + Physio

Quraishi, 2007 (Medium)
Quraishi, 2007 (Short)
Jacobs, 2009 (Short)
MUA vs Hydrodilatation

Mun and Baek, 2016 (Long)
Mun and Baek, 2016 (Short)
Hydrodilatation vs Steroid + Physio

UK FROST (Long)
Mukherjee et al., 2017 (Medium)
UK FROST (Medium)
UK FROST (Short)
Mukherjee et al., 2017 (Short)
ACR vs Steroid + Physio

UK FROST (Long)
UK FROST (Medium)
UK FROST (Short)
ACR vs MUA

Treatment comparisons and studies

−0.03 (−0.28, 0.22)
−0.08 (−0.35, 0.19)
0.18 (−0.07, 0.43)

0.83 (0.12, 1.54)
1.90 (1.10, 2.70)
−0.01 (−0.62, 0.60)

−0.12 (−0.47, 0.23)
−1.23 (−1.62, −0.84)

−0.38 (−0.63, −0.13)
−0.74 (−1.29, −0.19)
−0.06 (−0.33, 0.21)
0.39 (0.14, 0.64)
−0.74 (−1.29, −0.19)

−0.33 (−0.55, −0.11)
0.02 (−0.20, 0.24)
0.23 (0.01, 0.45)

Effect (95% CI)

Favours more−invasive intervention Favours less−invasive intervention
−2 0 2

Standardized mean difference

Pain scores

Fig. 6

Pain scores across different studies. ACR, arthroscopic capsular release; CI, confidence interval; MUA, manipulation under anaesthesia.
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hydrodilatation group (unadjusted mean difference: 
1.00 (95% CI 0.21 to 1.79)).

UK FROST at 12 months compared pain scores for 
MUA versus PTSI (adjusted mean difference: -0.08 (95% 
CI -0.66 to 0.50)); ACR versus PTSI (adjusted mean 
difference: -0.81 (95% CI -1.39 to -0.23)) and ACR 
versus MUA (adjusted mean difference: -0.73 (95% CI 
-1.20 to -0.25)).
Complications reported. Of the nine RCTs included in 
the systematic review, five reported no complications 
in any of the treatment groups.24,26,29–31 One RCT did 
not report whether there were any complications at all, 
therefore it is unclear whether complications were as-
sessed.27 Kivimaki28 reported that there were no major 
complications in the MUA group but that small injuries 
of the joint were possible, as verified on arthroscopy. 
No complications were reported for the supportive care 
group. Mukherjee et al25 found one case of articular 
cartilage scuffing of glenoid and one case of the hu-
meral head in the ACR group. UK FROST reported more 
complications in the ACR group compared to MUA and 
PTSI.11

Other outcomes of interests such as quality of 
life (using standardized outcome measures), time to 
recovery, and return to work and recreation were not 
reported by studies apart from UK FROST and conse-
quently were not reported here.

Discussion
Nine eligible RCTs comparing PTSI, MUA, ACR, or hydrodi-
latation were identified. Five RCTs,24,25,29–31 including 
UK FROST, were eligible since the 2012 review which 
had found an evidence gap in the effectiveness of these 
interventions.

UK FROST, to the authors’ knowledge, is the largest 
multicentre RCT comparing three of the treatments of 
interest, while most of the other comparisons between 
treatments are informed by single site studies with 
limited sample sizes. UK FROST provided unbiased 
evidence except for blinding, which can be argued to 
be neither feasible with the interventions being evalu-
ated nor necessarily desirable in a pragmatic trial design 
that reflects the real world delivery of care.33 In compar-
ison, other RCTs were susceptible to additional bias 
concerning, for example, incomplete outcome data or 
selective reporting of outcomes. In the UK FROST trial, 
although ACR was statistically significant superior to 
PTSI, the treatment effect was small and not clinically 
important.11 Therefore, none of the treatment options 
compared were clinically superior. In UK FROST, MUA 
was the most cost- effective option to the NHS.11,34

Four RCTs that evaluated hydrodilatation were 
included,26,27,29,31 with a duration of follow- up ranging 
from six months to two years. Evidence was incon-
clusive with limited sample sizes (ranging from 20 to 

60 patients in the hydrodilatation arm) and two of 
the four RCTs were at risk of more than three types of 
bias.26,30 Although a recent network meta- analysis of 
non- surgical treatment strategies for frozen shoulder 
conducted by Zhang et al4 found hydrodilatation to 
be one of the highest ranked treatments for short- term 
pain relief, the diverse group of interventions included 
and lack of longer- term follow- up (i.e. 12 months) 
makes it difficult to make robust conclusions for clin-
ical practice and policy. Another network meta- analysis 
conducted by Challoumas et al35 supports the Zhang 
et al4 conclusion that hydrodilatation is better for short 
term pain relief, while mid- term results favoured PTSI. 
A ten- year review of 2,432 hydrodilatations conducted 
by Nicholson36 found the repeat intervention rate to 
be 7.6% and only 1.7% requiring a subsequent ACR, 
suggesting that hydrodilatation may prevent the 
need for more costly and invasive ACR. An evidence 
gap, however, remains for high- quality evidence for 
the effectiveness of hydrodilatation compared with 
other commonly used treatments for primary frozen 
shoulder.

The protocol for this review was pre- registered in 
PROSPERO and followed PRISMA guidance for preparing 
a protocol and reporting of a systematic review and 
meta- analyses.15,16 Therefore, a comprehensive and 
rigorous review was undertaken. We specifically 
focused on putting UK FROST in the context of other 
randomized evidence, which is why we concentrated 
on physiotherapy techniques with a steroid injection 
as recommended by evidence- based clinical guidelines 
when designing the trial.37 Including hydrodilatation 
identified the important finding of the lack of high- 
quality evidence to support its increasing popularity.

Given the number of treatment options being inves-
tigated, it would have been ideal to perform a network 
meta- analysis, however this was not possible due to 
the limited number of eligible RCTs, nor was the sub- 
analysis on studies with and without diabetic patients 
feasible. The follow- up timepoints were variable, as 
were the interventions, and RCTs were often of limited 
sample sizes and may have been underpowered. The 
high risk of bias present in some RCTs also limited the 
quality of evidence. Only patient- reported outcomes 
measures such as shoulder function and pain scores, 
alongside complications, were evaluated in this review 
as these more specifically assess the impact of the 
condition on participants’ lives and their experience of 
the illness than clinical measurements such as shoulder 
range of motion.38

Overall, the findings from a recent multicentre RCT 
provided the strongest evidence that when compared 
with each other neither PTSI, MUA, nor ACR are clinically 
superior. Evidence from smaller RCTs did not change this 
conclusion. The effectiveness of hydrodilatation from 
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four RCTs was inconclusive and remains an evidence 
gap.

Take home message
  - There were few high- quality and adequately powered 

randomized studies that evaluated key treatment choices in 
the management of patients with primary frozen shoulder.

  - UK FROST has addressed this and provided the strongest evidence 
that when compared with each other, neither physiotherapy techniques 
with steroid injection, manipulation under anaesthesia, nor arthroscopic 
capsular release are clinically superior. Evidence from smaller 
randomized controlled trials (RCTs) did not change this conclusion.
  - There is an evidence gap suggesting the need for a rigorously 

designed and adequately powered RCT to evaluate the comparative 
effectiveness of hydrodilatation.
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