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Background: Adhesive capsulitis of the shoulder causes inflammation and adhesions in
the shoulder joint capsule, leading to pain and limited range of motion (ROM). Intraarticular
corticosteroid (CS) and hyaluronic acid (HA) injections are common therapeutic options for adhesive
capsulitis, but their comparative effectiveness remains unclear.

Objectives: To provide a robust comparison of the outcomes of HA and CS, we conducted a
meta-analysis of relevant previous studies that examined the therapeutic effects of intraarticular
HA and CS injections in patients with adhesive capsulitis.

Study Design: Systematic review and meta-analysis.

Methods: This meta-analysis of randomized controlled trials compared the effectiveness of
intraarticular HA and CS injections. Of the 10,205 articles, 7 met our predetermined criteria and
were included in the analysis.

Results: Patients who received CS injections demonstrated superior pain reduction and functional
improvement at 2-4 weeks after injection to those who received HA injections. Nevertheless,
comparable outcomes were observed between the 2 groups at 6 and 12 weeks. The active or
passive range of motion of the shoulder joint was not significantly different between patients who
received HA injections and those who received CS injections.

Limitations: The meta-analysis included only a small number of studies, and the number of HA
injections examined in those studies varied from one to 3 at a time, whereas an CS injection was
performed only once in most of the included studies.

Conclusions: The administration of intraarticular HA injection emerges as a commendable
therapeutic option for patients with adhesive capsulitis, particularly for those requiring repetitive
injections or at risk of developing side effects from injections of CS. Although intraarticular CS
injections offer accelerated short-term (2-4 weeks) pain relief and functional improvement,
comparable effects were observed within 6 and 12 weeks after intraarticular HA and CS injections.

Key words: Adhesive capsulitis, shoulder, corticosteroid, hyaluronic acid, pain, function, injection,
meta-analysis
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dhesive

capsulitis  of the
commonly known as
is characterized by

shoulder,
frozen shoulder,
inflammation and

of which is accompanied by shoulder pain (1,2).
Additionally, muscle loss around the shoulder may
occur (3). Although the risk factors for this condition

adhesions of the shoulder joint capsule, resulting in
reduced joint volume and the progressive restriction
of joint motion in multiple directions, the latter

include shoulder injury or surgery, diabetes, and
thyroid disease, the etiology remains elusive in a
majority of cases (4).

www.painphysicianjournal.com



Pain Physician: September/October 2024 27:387-400

Patients often experience severe shoulder pain,
sleep disturbances, and functional impairment in daily
activities due to limited joint mobility (3,5). To manage
the symptoms of adhesive capsulitis, various treatment
methods, including shoulder-joint range of motion
(ROM) exercises, physiotherapy, oral medications, and
manipulation, are employed (6,7). However, these
conservative treatments do not frequently yield satis-
factory therapeutic results. Intraarticular corticosteroid
(CS) injections are one of the most effective conserva-
tive treatments for alleviating symptoms associated
with adhesive capsulitis (8). CS is a potent anti-inflam-
matory material that inhibits the synthesis of various
pro-inflammatory mediators (9). Thus, CS injections
can relieve pain and improve patients’ shoulder-joint
ROM and functioning in daily activities (9). However,
the use of CS is accompanied by various adverse effects,
such as articular cartilage degeneration, tissue atrophy,
fat necrosis, hyperglycemia, hematoma, infection, and
vascular necrosis (10), so careful consideration of these
potential drawbacks is necessary before CS injections
are utilized.

Hyaluronic acid (HA) is a component of the sy-
novial fluid that is essential for joint lubrication and
chondroprotection (11). HA functions as a lubricant,
facilitating smooth movement between bones, and
serves as a shock absorber for joint mechanical loads.
Therefore, intraarticular HA injections can facilitate
movement of the shoulder joint and reduce pain in
patients with adhesive capsulitis (12). Furthermore,
HA suppresses cytokine-induced reactions and reduces
synovial inflammation, relieving pain and improving
joint mobility (11). Many previous studies have dem-
onstrated the efficacy of intraarticular HA injections in
controlling the symptoms of adhesive capsulitis, lead-
ing to clinicians’ widespread adoption of the technique
for the treatment of this condition (12-14). However,
clinicians often lack comprehensive knowledge of CS
and HA's comparative effectiveness.

In this study, to provide a robust comparison of the
outcomes of HA and CS, we conducted a meta-analysis
of relevant studies that examined the therapeutic ef-
fects of intraarticular HA and CS injections on patients
with adhesive capsulitis.

METHODS

Search Strategy
This meta-analysis was conducted in accordance
with the Preferred Reporting Items for Systematic

Reviews and Meta-Analysis guidelines. We searched
PubMed, Embase, Cochrane Library, SCOPUS, and KM-
base systematically to find relevant articles published
from each database’s inception up to March 4, 2024.
The following keywords were used during the search:
(["shoulder” OR “glenohumeral” OR "“adhesive capsu-
litis” OR “osteoarthritis” OR “frozen”] AND [“steroid”
OR “corticosteroid”] AND [“hyaluronic” OR “hyaluronic
acid”]) (Supplementary 1). The protocol was registered
in the International Database to Register Systematic
Review (number: INPLASY202430072).

Inclusion and Exclusion Criteria

The articles were selected based on the follow-
ing inclusion criteria: (1) participants: patients with a
diagnosis of adhesive capsulitis of the shoulder; (2) in-
tervention: intraarticular HA injection; (3) comparator:
intraarticular CS injection; (4) outcome: pain, shoulder
function, or ROM; and (5) study design: randomized
controlled trial (RCT). Meanwhile, (1) case reports,
conference presentations, reviews, letters, or other un-
distinctive forms; (2) studies written in neither English
nor Korean; and (3) studies reporting insufficient data
or results were excluded.

Data Extraction

After duplicate studies were removed, 2 review-
ers (KEU and MCC) evaluated the potentially eligible
studies independently. The eligibility of the articles was
determined by reviewing the title and abstract, and dis-
agreements were resolved through consensus. The full
texts of the eligible articles were read independently
by the same reviewers (KEU and MCC), and the eligi-
bility of each article was reassessed. Subsequently, the
following data were extracted: first author, publication
date, study type, number of patients, demographic
information (age and gender), number of HA and CS
injections, injection method used, follow-up time, and
clinical outcomes (Visual Analog Scale [VAS], Shoul-
der Pain and Disability Index [SPADI] score, American
Shoulder and Elbow Surgeons [ASES] score, Constant
score, and active and passive ROM).

Quality Assessment

The Cochrane Handbook for Systematic Reviews of
Interventions was used for assessing the risk of bias in
RCTs, and the evaluation factors used were as follows:
(1) adequate sequence generation, (2) blinding, (3)
incomplete outcome data, (4) allocation concealment,
(5) selective outcome reporting, and (6) other potential
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sources of bias. The judgment of bias was expressed as
“low risk,” “high risk,” or “unclear risk” (15).

Statistical Analysis

The Review Manager 5.3 software program (The
Nordic Cochrane Centre for the Cochrane Collabora-
tion) was used to perform a statistical analysis of the
pooled data. In each analysis, a heterogeneity test was
performed using a P-value: when a P-value was >0.05,
the pooled data were considered homogenous, and
a fixed-effects model was applied. By contrast, when
the P-value was < 0.05, the pooled data were consid-
ered heterogeneous, and a random-effects model was
used.

Continuous variables were analyzed, and stan-
dardized mean differences (SMDs) and 95% confidence
intervals (Cls) were calculated.

A P-value of < 0.05 was considered significant.
A funnel plot and Egger’s test were performed to
evaluate the publication bias, using R version 4.1.2. The
publication bias of individual studies was determined
based on pooled estimates, using funnel plots. Egger’s
test was used to determine whether the funnel plot
was symmetrical. A P-value of < 0.05 was considered
the indication of possible publication bias.

REesuLts

Study Selection

A total of 10,205 articles were searched, and 1,747
duplicated articles were removed (Fig. 1). After the
articles were screened for eligibility and their titles
and abstracts reviewed, 55 articles were selected for
full-text reading. Following a detailed assessment, 48
articles were excluded (articles including discussion
of diseases other than adhesive capsulitis = 2, articles
including observations of other types of interventions
= 11, articles with unavailable data = 3, non-RCTs = 8,
reviews = 15, letters to editor = one, conference papers
= 7, and articles not written in English or Korean =
one). Therefore, 7 studies were finally included in our
meta-analysis (Table 1) (16-22). All the included studies
were RCTs.

Study Characteristics

Seven studies were selected, which, in this case,
meant that a total of 163 patients were sorted into the
HA group and a total of 165 patients were sorted into
the CS group. The detailed characteristics of each study
are discussed in Table 1 (16-22).

[ \dentification of studies via databases and registers ]
Records removed before
Records identified from: screening:
PubMed (n = 299) Duplicate records removed
Embase (n =1,681) (n=1,747)

Scopus (n = 7,033)
Cochrane library (n = 300)
KMBASE (n = 892)

!

Records screened Records excluded by titles and
(n=8,458) "] abstracts (n = 8,403)

l

Reports sought for retrieval
(n=155)

Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Reports not retrieved
(n=0)

Reports excluded:

literatures including diseases
Reports assessed for eligibility R other than adhesive capsulitis
(n=55) (=2
literatures include other type
of interventions (n = 11)
literatures including
unavailable data (n = 3)
No RCT (n=8)
Review (n = 15)
letters to editor (n = 1)
Studies included in review Conference paper (n = 7)
(n=7) Literatures not written in
English or Korean (n = 1)

v

A4

Fig. 1. Flowchart showing the search results of the meta-
analysts.

Risk of Bias

Of the 7 included studies, 3 showed a low risk of
bias in the random sequence generation category, while
2 studies showed a low risk of bias in the allocation
concealment category (Fig. 2). Moveover, one and 4
studies were determined to have a low risk of bias in
the blinding of patients and personnel and blinding
of outcome assessment, respectively. In the incomplete
outcome data category (21), all studies except for Park
et al's were determined to have a low risk of bias. As for
selective reporting and other biases, all 7 studies were
also deemed to have a low risk of bias.

Meta-Analysis Results

In the analysis of VAS changes that occurred within
2-4 weeks after the HA and CS injections, the CS group
exhibited a more pronounced reduction in VAS scores
than did the HA group (Fig. 3A, random-effects model,
P<0.001,df =5, SMD =-1.03, 95% Cl = -1.52 to -0.55).
However, no significant difference was observed in VAS
changes between the HA and CS groups at 6 and 12
weeks (Fig. 3B and 3C, 6 weeks: random-effects model,
P=0.14, df = 1, SMD = -1.05, 95% Cl = -2.43 to -0.33;
12 weeks: fixed-effects model, P = 0.18, df = 1, SMD =
-0.29, 95% Cl = -0.70 to 0.13).

In the analysis of SPADI score changes after the HA
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-0.14 to 0.68).
Constant score changes were significantly larger in

the CS group than in the HA group at 2-4 weeks after

the injections (Fig. 6A, fixed-effects model, P

df

the ASES score changes between the HA and CS groups

(Fig. 5B, fixed-effects model, P

0.27, 95% ClI

0.006,

0.14 to 0.80, small effect).

0.47, 95% CI

2, SMD =

At 12 weeks, however, no significant difference was
observed in the Constant score changes between the
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(A) 2-4 weeks
Corticosteroid Hyaluronic acid Std. Mean Difference Std. Mean Difference

_StudyorSubgroup  Mean _ SD Total Mean SD Total Weight IV.Random.95%Cl V. Random.95%Cl_

Kim et al. 1999 473 081 13 -276 078 13 11.8%  -240[-3.44,-135) T

Kim et al. 2007 55 083 12 -38 117 14 136%  -1.60[-2.51,-0.70] ——

Lim et al. 2014 31 127 34 25 145 29 20.1% -0.44 [-0.94, 0.06) i |

Oh et al 2021 29 159 15 -1 164 15 155%  -1.14[-1.92,-0.36] =

Park et al. 2013 34 051 45 -31 058 45 215%  -0.54[-0.97,-0.12] ==

Sayed et al. 2022 513 1.31 20 -421 066 20 17.6%  -0.87 [-1.52,-0.22) e

Total (95% CI) 139 136 100.0%  -1.03 [-1.52, -0.55] >

Heterogeneity: Tau? = 0.24; Chi? = 16.21, df = 5 (P = 0.0086); I> = 69%
Test for overall effect: Z = 4.16 (P < 0.0001)

(B) 6 weeks

Corticosteroid Hyaluronic acid Std. Mean Difference

4

- 4
Favours [Corticosteroid] Favours [Hyaluronic acid]

Std. Mean Difference

StudvorSubaroup  Mean  SD Total Mean  SD Total Weight IV.Random.95%Cl IV.R: %Cl
Park et al. 2013 -4 049 45 -38 056 45 525%  -0.38[-0.79,0.04]

Sayed et al. 2022 -835 042 20 -624 158 20 47.5%  -179[-253,-1.04] W

Total (95% CI) 65 65 100.0%  -1.05[-2.43,0.33]

Heterogeneity: Tau? = 0.90; Chi* = 10.51, df = 1 (P = 0.001); I = 90% > 5 A ! 3

Test for overall effect: Z = 1.49 (P = 0.14)

(C) 12 weeks

Corticosteroid Hyaluronic acid Std. Mean Difference

Favours [Corticosteroid] Favours [Hyaluronic acid]

Std. Mean Difference

StudyorSubgroup  Mean SD Total Mean  SD Total Weight 1V, Fixed,95%Cl IV, Fixed.95%Cl
Lim et al. 2014 -36 135 33 -33 163 29 67.9% -0.20 [-0.70, 0.30] I
Oh et al 2021 -34 177 15 -26 1.56 15 321% -0.47 [-1.19, 0.26] L
Total (95% Cl) 48 44 100.0% -0.29 [-0.70, 0.13] ———
ity Chi2 = = = - 12 = 09 t + t t
Heterogeneity: Chi? = 0.35, df = 1 (P = 0.55); I = 0% A 05 o 05 1

Test for overall effect: Z = 1.36 (P = 0.18)

Favours [Corticosteroid] Favours [Hyaluronic acid)

weeks, (B) 6 weeks, and (C) 12 weeks after the injections.

Fig. 3. Comparison of changes in verbal analog scale (VAS) score between intraarticular HA and CS injections (A) 2-4

groups (Fig. 6B, random-effects model, P = 0.99, df = 2,
SMD = 0.00, 95% Cl = -0.64 to 0.63).

The ROMs of active abduction, forward flexion,
and external rotation were not significantly different
between the 2 groups at 2-4, 6, or 12 weeks after the
HA and CS injections (Fig. 7A-C, active abduction—2-4
weeks: fixed-effects model, P=0.05, df =2, SMD = 0.41,
95% Cl = 0.00 to 0.83; 6 weeks: P = 0.99, SMD = 0.00,
95% Cl = -0.62 to 0.61; 12 weeks: fixed-effects model,
P =0.85, df = 1, SMD = 0.04, 95% Cl = -0.39 to 0.48;
Fig. 8A-C, active forward flexion—2-4 weeks: random-
effects model, P = 0.05, df = 2, SMD = 1.11, 95% Cl =
—-0.02 to 2.23; 6 weeks: P = 0.24, SMD = 0.38, 95% Cl =
—-0.25 to 1.00; 12 weeks: P = 0.13, SMD = 0.57, 95% ClI
=-0.17 to 1.30; Fig. 9A-C, active external rotation—2-4
weeks: fixed-effects model, P = 0.26, df = 2, SMD =
0.24, 95% Cl = -0.17 to 0.64; 6 weeks: P = 0.84, SMD =
0.06, 95% Cl = -0.56 to 0.68; 12 weeks: random-effects
model, P =0.83, df = 1, SMD = 0.14, 95% Cl = -1.12 to

1.40). The ROMs of active internal rotation were signifi-
cantly higher in the CS group than in the HA group at
2-4 and 12 weeks (Fig. 10A and 10B, 2-4 weeks: fixed-
effects model, P < 0.001, df = 1, SMD = 1.15, 95% Cl =
0.58 to 1.72; 12 weeks: P =0.009, SMD = 1.02, 95% Cl =
0.25 to 1.79).

The 2 groups' respective changes in ROM of passive
abduction were not significantly different at 2-4, 6, and
12 weeks after the injections (Fig. 11A-C, 2-4 weeks:
fixed-effects model, P = 0.80, df = 3, SMD = 0.03, 95% Cl
= -0.24 to 0.30; 6 weeks: fixed-effects model, P = 0.42,
SMD = 0.14, 95% Cl = -0.20 to 0.49; 12 weeks: random-
effects model, P = 0.61, df = 1, SMD = 0.30, 95% Cl =
—0.85 to 1.45). The ROM changes of passive forward flex-
ion were not significantly different at 2-4 and 6 weeks;
at 12 weeks, the ROM changes were significantly larger
in the CS group than in the HA group (Fig. 12A-C, 2-4
weeks: fixed-effects model, P = 0.08, df =3, SMD = 0.27,
95% Cl = 0.00 to 0.53; 6 weeks: fixed-effects model, P
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(A) 2-4 weeks

Corticosteroid Hyaluronic acid Std. Mean Difference

ean D al Mean D ota e Random 2

Kim et al. 2007 -404 593 12 -233 65 14 31.0% -2.65 [-3.75, -1.55)
Oh et al 2021 -242 13.76 15 -8 16.58 15 33.5% -1.03 [-1.80, -0.27)
Park et al. 2013 -334 56 45 -352 623 45 355% 0.30[-0.11,0.72)
Total (95% Cl) 72 74 100.0% -1.06 [-2.66, 0.54]

Heterogeneity: Tau? = 1.83; Chi* = 29.11, df = 2 (P < 0.00001); I* = 93%
Test for overall effect: Z = 1.30 (P = 0.19)

(B) 6 weeks

Std. Mean Difference

1V, Fixed,95%Cl

Corticosteroid Hyaluronic acid

_StudyorSubgroup _ Mean SD Total Mean SD Total Weight

Std. Mean Difference

-4 -2 0 2 4
Favours [Corticosteroid] Favours [Hyaluronic acid]

Std. Mean Difference

Park et al. 2013 -4166 552 45 -393 596 45 100.0% -0.41[-0.82, 0.01]
Total (95% Cl) 45 45 100.0% -0.41 [-0.82, 0.01]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.91 (P = 0.06)
(C) 12 weeks
Corticosteroid Hyaluronic acid Std. Mean Difference

—StudvorSubgroup _Mean _ SD Total Mean SD Total Weight 1V, Fixed,95%Cl

e

=i

05 025 0 025 05
Favours [Corticosteroid] Favours [Hyaluronic acid)]

Std. Mean Difference

Oh et al 2021 -32.7 14.89 15 -246 1545 15 100.0% -0.52[-1.25, 0.21]

Total (95% Cl)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.40 (P = 0.16)

15 15 100.0% -0.52 [1.25, 0.21]

R —

I

4 05 0 05 1
Favours [Corticosteroid] Favours [Hyaluronic acid]

and (C) 12 weeks after the injections.

Fig. 4. Comparison of changes in SPADI scores between intraarticular HA and CS injections at (A) 2-4 weeks, (B) 6 weeks,

(A) 2-4 weeks

Corticosteroid Hyaluronic acid Std. Mean Difference

Std. Mean Difference

Test for overall effect: Z=2.09 (P = 0.04)

(B) 12 weeks

Std. Mean Difference
IV, Fixed,95%Cl

Corticosteroid Hyaluronic acid

—StudyorSubgroup _Mean _ SD Total Mean SD Total Weight

_StudvorSubgroup _Mean _ SD Total Mean SD Total Weight  IV.Fixed,95%Cl V. Fixed 95%Cl
Lim et al. 2014 19 1002 34 16 697 29 686% 0.34 [-0.16, 0.84] T
Oh et al 2021 213 1289 15 117 1501 15 31.4% 0.67 [-0.07, 1.41) T
Total (95% Cl) 49 44 100.0% 0.44 [0.03, 0.86) e
Heterogeneity: Chi? = 0.52, df = 1 (P = 0.47); I = 0% 1 0 s o 0‘5 1

Favours [Hyaluronic acid] Favours [Corticosteroid]

Std. Mean Difference

Limetal. 2014 27.7 10.97 33 246 975 29 67.2% 0.29[-0.21, 0.80]
Oh et al 2021 298 145 15 266 14.85 15 32.8% 0.21[-0.51, 0.93]
Total (95%Cl) 48 44 100.0% 0.27 [-0.14, 0.68]

Heterogeneity: Chi? = 0.03, df = 1 (P = 0.86); I?= 0%
Test for overall effect: Z = 1.27 (P = 0.20)

IV.Fixed.95%Cl
—F———

-q.-

-1 -0.5 0 0.5 1
Favours [Hyaluronic acid] Favours [Corticosteroid]

weeks after the injections.

Fig. 5. Comparison of changes in ASES scores between intraarticular HA and CS injections at (A) 2-4 weeks and (B) 12
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(A) 2-4 weeks

Corticosteroid Hyaluronic acid Std. Mean Difference

Std. Mean Difference

Test for overall effect: Z=2.77 (P = 0.006)

(B) 12 weeks

Std. Mean Difference
1V, Random, 95%Cl

Corticosteroid Hyaluronic acid

_StudyorSubgroup Mean  SD Total Mean SD Total Weight

StudvorSubgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95%Cl IV.F %Cl
Calis et al. 2005 119 7.56 26 83 7.07 27 36.7% 0.48 [-0.06, 1.03]
Lim et al. 2014 87 1043 34 62 951 29 44.4% 0.25[-0.25, 0.74)
Oh et al 2021 193 8.88 15 10 10.01 15 18.9% 0.96 [0.20, 1.72] TEE———————
Total (95% Cl) 75 71 100.0% 0.47 [0.14, 0.80] -

ity Chi2 = = = ‘R= + + t + +
Heterogeneity: Chi*=2.35, df =2 (P = 0.31); = 15% 1 05 0 05 1

Favours [Hyaluronic acid] Favours [Corticosteroid]

Std. Mean Difference
1IV.Random, 95%Cl

Calis et al. 2005 157 6.93 26 20 6.81 27 346% -0.62[-1.17, -0.06]
Lim et al. 2014 18.8 10.64 33 165 11.16 29 36.4% 0.21[-0.29, 0.71]
Oh et al 2021 262 9.88 15 212 1113 15 29.0% 0.46 [-0.26, 1.19]
Total (95% Cl) 74 71 100.0% -0.00 [-0.64, 0.63]

Heterogeneity: Tau? = 0.22; Chi*=6.97, df =2 (P = 0.03); P =71%
Test for overall effect: Z=0.01 (P = 0.99)

—a
.
-1 05 0 05 1

Favours [Hyaluronic acid] Favours [Corticosteroid]

weeks after the injections.

Fig. 6. Comparison of changes in constant scores between intraarticular HA and CS injections at (A) 2-4 weeks and (B) 12

(A) 2-4 weeks

Corticosteroid Hyaluronic acid Std. Mean Difference

Std. Mean Difference

Test for overall effect: Z = 1.98 (P = 0.05)

(B) 6 weeks

Corticosteroid Hyaluronic acid Std. Mean Difference

—StudvorSubgroup __Mean _ SD Total Mean  SD Total Weight 1V, Fixed,95%Cl IV.F %Cl
Kim et al. 1999 279 1642 13 85 1507 13 236% 1.19[0.35, 2.04] - =
Oh etal 2021 263 175 15 217 1338 15 325%  0.29[-043,1.01)
Sayedetal. 2022 3733 27.83 20 35 2225 20 439%  0.09[-0.53,0.71]
Total (95% CI) 48 48 100.0% 0.41 [0.00, 0.83]
Heterogeneity: Chi? = 4.42, df = 2 (P = 0.11); I = 55% = g 5 : .

Favours [Hyaluronic acid] Favours [Corticosteroid]

Std. Mean Difference

IV, Fixed, 95%Cl
0.00 [-0.62, 0.62]

—StudvorSubgroup _ Mean _ SD Total Mean SD Total Weight
Sayed et al. 2022 5323 18.89 20 53.17 159 20 100.0%
20 100.0%

20 0.00 [-0.62, 0.62]

Total (95%Cl)
Heterogeneity: Not applicable

Test for overall effect: Z=0.01 (P = 0.99)

(C) 12 weeks

Corticosteroid Hyaluronic acid Std. Mean Difference

05 -025 0 025 05
Favours [Hyaluronic acid] Favours [Corticosteroid]

Std. Mean Difference

Test for overall effect: Z = 0.18 (P = 0.85)

StudyorSubgroup  Mean  SD Total Mean  SD Total Weight IV,Fixed,95%Cl IV, Fixed, 95%Cl
Calls et al. 2005 325 1534 26 363 1376 27 64.8%  -0.26[-0.80,0.28]

Oh et al 2021 427 2065 15 317 1531 15 352%  0.59[-0.14,132) T
Total (95%CI) 41 42 100.0%  0.04[0.39, 0.48] e
Heterogeneity: Chi = 3.31, df = 1 (P = 0.07); 2 = 70% 2 a5 & 0 :

Favours [Hyaluronic acid] Favours [Corticosteroid]

weeks, (B) 6 weeks, and (C) 12 weeks after the injections.

Fig. 7. Comparison of changes in the ROM of active abduction between intraarticular HA and CS injections at (A) 2-4
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(A) 2-4 weeks

Corticosteroid Hyaluronic acid

—StudvorSubgroup  Mean _ SD Total Mean SD Total Weight

Std. Mean Difference

Std. Mean Difference
1IV.Random, 95%Cl

Kim et al. 1999 314 13.11 13 58 9.28 13 30.5%
Oh et al 2021 31.7 17.44 15 14 12.06 15 33.7%
Sayed et al. 2022 129 11.29 20 113 975 20 35.8%
Total (95%Cl) 48 48 100.0%

Heterogeneity: Tau? = 0.82; Chi? = 12.25, df = 2 (P = 0.002); I = 84%
Test for overall effect: Z = 1.92 (P = 0.05)

(B) 6 weeks

Corticosteroid Hyaluronic acid

Sayed et al. 2022 211 11.35 20 174 941 20 100.0%

Total (95% Cl) 20 20 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z=1.18 (P = 0.24)

(C) 12 weeks

Corticosteroid Hyaluronic acid

—StudvorSubgroup _Mean _ SD Total Mean SD Total Weight

Std. Mean Difference
_StudvorSubgroup Mean SD Total Mean SD Total Weight  IV.Fixed.95%Cl

Std. Mean Difference

2.18[1.18, 3.19]
1.15[0.37, 1.93]
0.15[-0.47, 0.77)

1.11 [-0.02, 2.23]

2 1 0 1 2
Favours [Hyaluronic acid] Favours [Corticosteroid)

Std. Mean Difference
Nﬂm%ﬁ—_—
-—-.-

-1 -0.5 0 0.5 1
Favours [Hyaluronic acid] Favours [Corticosteroid]

0.38 [-0.25, 1.00]

0.38 [-0.25, 1.00]

Std. Mean Difference
IV, Fixed, 95%Cl

Oh et al 2021 37 20.05 15 27 13.79 15 100.0%

Total (95%Cl) 15
Heterogeneity: Not applicable
Test for overall effect: Z=1.51 (P =0.13)

15 100.0%

1V, Fixed g?éii

0.57 [-0.17, 1.30] e —

0.57 [-0.17, 1.30)

-1 -0.5 0 0.5 1
Favours [Hyaluronic acid] Favours [Corticosteroid]

weeks, (B) 6 weeks, and (C) 12 weeks after the injections.

Fig. 8. Comparison of changes in the ROM of active forward flexion between intraarticular HA and CS injections at (A) 2—4

= 0.68, SMD = 0.07, 95% Cl = -0.27 to 0.42; 12 weeks:
fixed-effects model, P = 0.02, df = 1, SMD = 0.50, 95%
Cl =0.08 to 0.91). No significant difference between the
HA and CS groups’ ROM changes of passive external
rotation was observed at 2-4, 6, and 12 weeks after the
injections (Fig. 13A-C, 2-4 weeks: random-effects model,
P = 0.55, df = 4, SMD = 0.20, 95% Cl = -0.45 to 0.84;
6 weeks: random-effects model, P = 0.09, SMD = 1.14,
95% Cl = -0.16 to 2.43; 12 weeks: fixed-effects model,
P=0.75,df =2, SMD =0.17, 95% Cl = -0.88 to 1.22). As
for the ROM changes of passive internal rotation, the CS
groups exhibited significantly larger changes than did
the HA group at 2-4 and 12 weeks after the injections
(Fig. 14A and 14B, 2-4 weeks: random-effects model, P <
0.001, SMD = 1.91, 95% Cl = 1.02 to 2.79; 12 weeks: P =
0.005, SMD = 1.11, 95% Cl = 0.34 to 1.89).

Publication Bias

A funnel plot analysis and Egger’s test were con-
ducted to analyze the VAS scores at 2-4 weeks, the SPA-
Dl scores at 2-4 weeks, the Constant scores at 2-4 weeks,
the Constant scores at 12 weeks, the passive range of

motion (PROM) of abduction at 2-4 weeks, the PROM
of external rotation at 2-4 weeks, the PROM of external
rotation at 12 weeks, the PROM of forward flexion at
2-4 weeks, the active range of motion (AROM) of ab-
duction at 2-4 weeks, the AROM of external rotation at
2-4 weeks, and AROM of forward flexion at 2-4 weeks
(Supplementary 2). The P-value for the Egger’s test was
> 0.05, except for 2 variables (VAS score at 2-4 weeks: P
= 0.005; SPADI SCORE at 2-4 weeks: P = 0.046), indicat-
ing an insignificant publication bias (Constant score at
2-4 weeks: P = 0.124; Constant score at 12 weeks: P =
0.788; AROM abduction at 2-4 weeks: P = 0.200; AROM
of forward flexion at 2-4 weeks: P = 0.055; AROM ex-
ternal rotation at 2-4 weeks: P=0.211; PROM of abduc-
tion at 2-4 weeks: P = 0.830; PROM of forward flexion
at 2-4 weeks: P = 0.534; PROM of external rotation at
2-4 weeks: P = 0.093; PROM of external rotation at 12
weeks: P=0.134).

Discussion

In the current meta-analysis, significant reductions
were observed in the VAS scores, indicative of pain in-
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(A) 2-4 weeks
Corticosteroid Hyaluronic acid Std. Mean Difference Std. Mean Difference
_StudvorSubgroup Mean SD Total Mean SD Total Weight  IV.Fixed.95%Cl 1V.Fixed.95%Cl
Kim et al. 1999 19.9 1545 13 105 14.06 13 26.8% 0.62[-0.17, 1.41) ] .
Oh et al 2021 1 993 15 47 72 15 30.4% 0.71[-0.03, 1.45) |
Sayed et al. 2022 1117 763 20 1366 689 20 42.8% -0.34 [-0.96, 0.29) — &
Total (95%Cl) 48 48 100.0% 0.24 [-0.17, 0.64] ’
Heterogeneity: Chi = 5.66, df = 2 (P = 0.06); I = 65% = o8 & 02 i
Test for overall effect: Z = 1.13 (P = 0.26) Favours [Hyaluronic acid] Favours [Corticosteroid]
(B) 6 weeks
Hyaluronic acid Corticosteroid Std. Mean Difference Std. Mean Difference
—StudvorSubgroup  Mean SD Total Mean SD Total Weight 1V, Fixed.95%Cl
Sayed et al. 2022 2333 75 20 22.83 763 20 100.0% 0.06 [-0.56, 0.68]
Total (95%Cl) 20 20 100.0% 0.06 [-0.56, 0.68]
Heterogeneity: Not applicable + + t + +
s _ -05 -0.25 0 025 05
Test for overall effect: Z = 0.20 (P = 0.84) Favours [Corticosteroid] Favours [Hyaluronic acid]

(C) 12 weeks

Corticosteroid Hyaluronic acid Std. Mean Difference Std. Mean Difference
StudyorSubgroup Mean SD Total Mean SD Total Weight IV.Random, 95%Cl 1\ % Cl
Calis et al. 2005 157 8.26 26 196 7.75 27 521% -0.48 [-1.03, 0.07)
Oh et al 2021 143 93 15 7 829 15 47.9% 0.81 [0.06, 1.55) i
Total (95% Cl) 41 42 100.0% 0.14 [-1.12, 1.40]
Heterogeneity: Tau? = 0.72; Chi? = 7.40, df = 1 (P = 0.007); I2 = 86% 2 1 3 1 2
Test for overall effect: Z = 0.21 (P = 0.83) Favours [Hyaluronic acid] Favours [Corticosteroid]

Fig. 9. Comparison of changes in the ROM of active external rotation between intraarticular HA and CS injections at (A )
2-4 weeks, (B) 6 weeks, and (C) 12 weeks after the injections.

(A) 2-4 weeks
Corticosteroid Hyaluronic acid Std. Mean Difference Std. Mean Difference
StudyorSubgroup Mean SD Total Mean SD Total Weight V. Fixed, 95%Cl IV.F 95%Cl
Kim et al. 1999 19.7 10.37 13 8.6 11.09 13 48.4% 1.00 [0.18, 1.82)
Oh et al 2021 37 156 15 17 145 15 51.6% 1.29[0.50, 2.09) — &
Total (95%Cl) 28 28 100.0% 1.15 [0.58, 1.72] ‘
Heterogeneity: Chi? = 0.25, df = 1 (P = 0.62); I = 0% = g i : :
Testforoverall'effect: 2 =3.94'(P'< 0.0001) Favours [Hyaluronic acid] Favours [Corticosteroid]
(B) 12 weeks
Corticosteroid Hyaluronic acid Std. Mean Difference Std. Mean Difference
_StudyorSubgroup  Mean SD Total Mean SD Total Weight IV.Random.95%Cl IV.R ¥
Oh et al 2021 53 1.7 15 35 172 15 100.0% 1.02[0.25, 1.79)
Total (95%Cl) 15 15 100.0% 1.02 [0.25, 1.79] ———
Heterogeneity: Not applicable _’2 _}1 6 i ,i’
Test for overall effect: Z = 2.61 (P = 0.009) Favours [Hyaluronic acid] Favours [Corticosteroid]

Fig. 10. Comparison of changes in the ROM of active external rotation between intraarticular HA and CS injections at (A) 2-4
weeks and (B) 12 weeks after the injections.
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Heterogeneity: Chi? = 4.27, df = 3 (P = 0.23); I = 30%
Test for overall effect: Z = 0.25 (P = 0.80)

(A) 2-4 weeks
Corticosteroid Hyaluronic acid Std. Mean Difference Std. Mean Difference

StudyorSubgroup  Mean SD Total Mean SD Total Weight 1V, Fixed.95%Cl 1V, Fixed.95%Cl
Calis et al. 2005 173 1662 26 17.6 13.02 27 252% -0.02 [-0.56, 0.52] -
Oh et al 2021 28 15.84 15 183 1546 15 13.5% 0.60 [-0.13, 1.34] ]
Park et al. 2013 30.2 10.29 45 294 10.12 45 42.7% 0.08 [-0.34, 0.49] —
Sayed et al. 2022 284 1146 20 33 10.85 20 18.6% -0.40[-1.03, 0.22] - B
Total (95%Cl) 106 107 100.0% 0.03 [-0.24, 0.30] ,

-1 -0.5 0 0.5 1
Favours [Hyaluronic acid] Favours [Corticosteroid)]

Heterogeneity: Chi? = 0.69, df = 1 (P = 0.41); I?= 0%
Test for overall effect: Z= 0.81 (P = 0.42)

(C) 12 weeks

(B) 6 weeks
Hyaluronic acid Corticosteroid Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed,95%Cl IV, Fixed,95%Cl
Park et al. 2013 378 982 45 37.35 978 45 69.6% 0.05[-0.37, 0.46]
Sayed et al. 2022 436 11.91 20 39.5 10.21 20 30.4% 0.36 [-0.26, 0.99] -
Total (95% Cl) 65 65 100.0% 0.14 [-0.20, 0.49] #
05 0 05

-1 . X 1
Favours [Corticosteroid] Favours [Hyaluronic acid)

Heterogeneity: Tau? = 0.58; Chi*=6.14,df =1 (P = 0.01); I’ = 84%
Test for overall effect: Z = 0.51 (P = 0.61)

Corticosteroid Hyaluronic acid Std. Mean Difference Std. Mean Difference
StudvorSubgroup Mean SD Total Mean SD Total Weight IV.Random,95%Cl IV.R:
Calis et al. 2005 325 15.34 26 363 13.76 27 526% -0.26 [-0.80, 0.28]
Oh et al 2021 43.7 1946 15 245 2113 15 47.4% 0.92[0.16, 1.68] D —
Total (95% Cl) 41 42 100.0% 0.30 [-0.85, 1.45]

2 A 0 1 2
Favours [Hyaluronic acid] Favours [Corticosteroid]

weeks, (B) 6 weeks, and (C) 12 weeks after the injections.

Fig. 11. Comparison of changes in the ROM of passive abduction between intraarticular HA and CS injections at (A) 2-4

tensity, of patients with adhesive capsulitis. The ASES
and Constant scores, reflecting both pain degree and
shoulder function, were significantly higher at 2-4 weeks
after CS injections than were those after HA injections.
However, we did not observe significant differences in
the changes in these scores at 6 and 12 weeks after the
CS or HA injections. Additionally, the changes in SPADI
scores, which presented pain degree and shoulder func-
tion after CS and HA injections, were not significantly
different at all evaluation time points. The improve-
ments in the active and passive internal rotation of the
shoulder joint after the CS injections were greater than
those observed after the HA injections. Additionally, the
improvement in passive forward flexion at 12 weeks
was greater after the CS injections than it was after the
HA injections. However, the improvements in the other
ROMs, including active forward flexion, active and pas-
sive abduction, and external rotation, were not different
between the patients who received HA injections and
those who received CS injections.

Many previous studies have demonstrated that
intraarticular HA and CS injections have short-term and
long-term pain-reducing and function-improving effects
in patients with adhesive capsulitis (12,16-23). In our
meta-analysis, although CS injections showed more fa-
vorable outcomes in certain therapeutic aspects, includ-
ing short-term pain reduction, functional improvement,
and specific measures of ROMs, the CS group's results at
> 6 weeks post-injection were similar to the HA group’s.
Additionally, the ROMs of external rotation and abduc-
tion did not significantly differ between the 2 groups of
patients. Considering these findings and the favorable
safety profile of HA injections, which have minimal side
effects (24,25), HA injections emerge as a viable thera-
peutic option that can potentially replace injections of
CS for patients who are likely to experience adverse
effects from CS or who require multiple CS injections.
Conversely, intraarticular CS injections may be more ben-
eficial for individuals who experience severe pain from
adhesive capsulitis and require rapid pain relief.
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Test for overall effect: Z = 1.97 (P = 0.05)

(A) 2-4 weeks
Corticosteroid Hyaluronic acid Std. Mean Difference Std. Mean Difference
StudyorSubgroup _ Mean _ SD Total Mean  SD Total Weight 1V, Fixed, 95%Cl 1V, Fixed, 95%Cl
Lim et al. 2014 188 1027 34 159 974 29 286% 0.29 [-0.21, 0.78) T
Oh et al 2021 31 17.83 15 133 1227 15 11.7% 1.13[0.35, 1.90) ————————
Park et al. 2013 365 1079 45 341 1144 45 41.3% 0.21[-0.20, 0.63) B
Sayed et al. 2022 99 107 20 119 1076 20 18.4% -0.18 [-0.80, 0.44] —
Total (95% Cl) 114 109 100.0% 0.27 [0.00, 0.53] —
Heterogeneity: Chi = 6.75, df = 3 (P = 0.08); I = 56% z gt o : 2

Favours [Hyaluronic acid] Favours [Corticosteroid]

Heterogeneity: Chi? = 0.69, df = 1 (P = 0.40); I = 0%
Test for overall effect: Z = 0.42 (P = 0.68)

(C) 12 weeks

(B) 6 weeks
Corticosteroid Hyaluronic acid Std. Mean Difference Std. Mean Difference
—StudyorSubgroup __Mean __SD Total Mean SD Total Weight 1V. Fixed,95%Cl IV.Fixed.95%¢Cl
Park et al. 2013 422 10.64 45 403 114 45 69.2% 0.17 [-0.24, 0.58) —
Sayed et al. 2022 144 10.07 20 159 10 20 30.8% -0.15[-0.77, 0.47] l
Total (95%Cl) 65 65 100.0% 0.07 [-0.27, 0.42] ""

05 025 0 025 0.
Favours [Hyaluronic acid] Favours [Corticosteroid]

Heterogeneity: Chi* = 0.02, df = 1 (P = 0.90); I = 0%
Test for overall effect: Z = 2.34 (P = 0.02)

Corticosteroid Hyaluronic acid Std. Mean Difference Std. Mean Difference
_StudyorSubgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95%Cl IV.Fixed, 95%Cl
Lim et al. 2014 253 955 33 204 916 29 67.2% 0.520.01, 1.02) ——
Oh et al 2021 357 19.09 15 27.7 1461 15 328% 0.46 [-0.27, 1.18) e
Total (95% Cl) 48 44 100.0% 0.50 [0.08, 0.91] ——

4 05 0 05 1
Favours [Hyaluronic acid] Favours [Corticosteroid]

weeks, (B) 6 weeks, and (C) 12 weeks after the injections.

Fig. 12. Comparison of changes in the ROM of passive forward flexion between intraarticular HA and CS injections at (A) 2-4

Several mechanisms of stimulating HA action in
the joints to manage the symptoms of adhesive capsuli-
tis have been proposed (14,26,27). First, the injection of
HA can increase viscoelasticity and reduce friction in the
shoulder joint. Second, HA exhibits anti-inflammatory
effects. Tamai et al reported that gadolinium-enhanced
magnetic resonance imaging scans showed reduced en-
hancement of the shoulder synovium in patients with
adhesive capsulitis after HA injections (27). Third, the
injected HA coats the cartilage and prevents its dam-
age. Through these mechanisms, the HA, once injected
into the shoulder joint, seems to contribute to the de-
crease in pain and improvement of shoulder function in
patients with adhesive capsulitis.

Limitations

The current meta-analysis has several limitations.
First, our research included only a small number of
studies. Second, the number of HA injections varied
from one to 3 across the studies, whereas CS injection

was performed only once in most of the included stud-
ies. Lastly, studies that evaluated the combined use of
CS and HA injections, which was commonly performed
in many clinical practices, was excluded from the analy-
sis to allow for precise comparisons.

CONCLUSION

In conclusion, although CS injections were associ-
ated with better short-term effects on pain reduction
and functional improvement in the shoulder joint
than were HA injections, those effects became similar
at 6 and 12 weeks after the injections were adminis-
tered. Furthermore, no significant differences were
observed in the ROMs of abduction and external ro-
tation between the 2 groups. Based on the results of
our meta-analysis, intraarticular HA injections could be
considered an effective therapeutic option for manag-
ing the symptoms of adhesive capsulitis. Additional,
well-designed studies should be conducted in the fu-
ture to clarify this issue.
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Hyaluronate Injection in Adhesive Capsulitis

(A) 2-4 weeks

Hyaluronic acid Corticosteroid

—StudvorSubgroup  Mean _ SD Total Mean SD Total Weight

Std. Mean Difference
IV.Random, 95%Cl

Std. Mean Difference

Calis et al. 2005 92 75 27 75 8.16 26 20.5%
Lim et al. 2014 84 873 29 71 675 34 21.0%
Oh et al 2021 33 729 15 14 928 15 17.6%
Park et al. 2013 263 6.19 45 197 6.24 45 21.5%
Sayed et al. 2022 134 536 20 10 6.32 20 19.4%
Total (95%Cl) 136 140 100.0%

Heterogeneity: Tau? = 0.45; Chi? = 26.54, df = 4 (P < 0.0001); I> = 85%
Test for overall effect: Z = 0.59 (P = 0.55)

(B) 6 weeks

Hyaluronic acid Corticosteroid

_StudyorSubgroup Mean  SD Total Mean SD Total Weight

0.21[-0.33, 0.75)
0.17 [-0.33, 0.66]
-1.25 [-2.04, -0.46]
1.05 [0.61, 1.49)
0.57 [-0.06, 1.20)

0.20 [-0.45, 0.84]

Std. Mean Difference
1V, Random, 95% Cl

IV. Random, 95% Cl
R S—

—
S
——
I
2 - 0 1 2

Favours [Corticosteroid] Favours [Hyaluronic acid)

Std. Mean Difference
V.

Park et al. 2013 323 5.95 45 213 6.27 45 51.1%
Sayed et al. 2022 178 512 20 148 745 20 48.9%
Total (95%Cl) 65 65 100.0%

Heterogeneity: Tau? = 0.79; Chi? = 10.57, df = 1 (P = 0.001); P =91%
Test for overall effect: Z = 1.72 (P = 0.09)

(C) 12 weeks

Hyaluronic acid Corticosteroid

_StudyorSubgroup _Mean _ SD Total Mean SD Total Weight

1.78[1.29, 2.28]
0.46 [-0.17, 1.09)

1.14 [-0.16, 2.43]

Std. Mean Difference
1V, Random, 95% Cl

_

. . L .

2 4 0 1 2
Favours [Corticosteroid] Favours [Hyaluronic acid]

Std. Mean Difference
IV.R: 9

Calis et al. 2005 196 775 27 157 826 26 34.2%
Lim et al. 2014 18 9.81 29 92 825 33 34.4%
Oh et al 2021 9 863 15 187 949 15 31.3%
Total (95%Cl) 7 74 100.0%

Heterogeneity: Tau? = 0.75; Chi? = 17.91, df = 2 (P = 0.0001); I* = 89%
Test for overall effect: Z=0.32 (P = 0.75)

0.48[-0.07, 1.03]
0.96 [0.44, 1.49)
-1.04 [-1.81, -0.27)

0.17 [-0.88, 1.22]

—_—

L . .
t t T t

-2 -1 0 1 2
Favours [Corticosteroid] Favours [Hyaluronic acid]

weeks, (B) 6 weeks, and (C) 12 weeks after the injections.

Fig. 13. Comparison of changes in the ROM of passive external rotation between intraarticular HA and CS injections at (A) 2-4

(A) 2-4 weeks

Corticosteroid Hyaluronic acid

—StudvorSubgroup _Mean _ SD Total Mean SD Total Weight

Std. Mean Difference
1V, Random, 95%Cl

Std. Mean Difference

Oh et al 2021 39 156 15 07 17 15 100.0%

Total (95%Cl) 15 15 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z = 4.23 (P < 0.0001)

(B) 12 weeks

Corticosteroid Hyaluronic acid

—StudvorSubgroup  Mean  SD Total Mean SD Total Weight

1.91[1.02, 2.79)

1.91 [1.02, 2.79]

Std. Mean Difference
1V, Random. 95%Cl

IV. R Y
i
0 1 2

- -1
Favours [Hyaluronic acid] Favours [Corticosteroid]

Oh et al 2021 54 156 15 31 238 15 100.0%

Total (95%Cl) 15 15 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z = 2.81 (P = 0.005)

1.11[0.34, 1.89)

1.11 [0.34, 1.89]

Std. Mean Difference

IV.R o
' i
2 4 0 1 2

Favours [Hyaluronic acid] Favours [Corticosteroid)]

weeks and (B) 12 weeks after the injections.

Fig. 14. Comparison of changes in the ROM of passive internal rotation between intraarticular HA and CS injections at (A) 2-4
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Supplementary 1. Search terms and strategies .

Search strategy for PubMed

#1 Search: “shoulder” OR “glenohumeral” OR “adhesive capsulitis” OR “osteoarthritis” OR “frozen”

“Shoulder”[all fields] OR “glenohumeral”[all fields] OR “adhesive capsulitis”[all fields] OR “osteoarthritis”[all
fields] OR “frozen”[all fields]

#2 Search: “steroid” OR “corticosteroid”

“Steroid”[all fields] OR “corticosteroid”[all fields]

#3 Search: “hyaluronic” OR “hyaluronic acid”

“Hyaluronic”[all fields] OR “hyaluronic acid”[all fields]

#4 Search: ((#1) AND (#2)) AND (#3)

(“Shoulder”[all fields] OR “glenohumeral”[all fields] OR “adhesive capsulitis”[all fields] OR “osteoarthritis”[all
fields] OR “frozen”[all fields]) AND (“steroid”[all fields] OR “corticosteroid”[all fields]) AND (“hyaluronic”[all fields]
OR "hyaluronic acid”[all fields])

Search strategy for Embase

#1 “Shoulder” OR “glenohumeral” OR “adhesive capsulitis” OR “osteoarthritis” OR “frozen” 482,195

#2 "Steroid” OR “corticosteroid”

#3 “Hyaluronic” OR "hyaluronic acid”

#4 #1 AND #2 AND #3

Query: (“shoulder” OR “glenohumeral” OR “adhesive capsulitis” OR “osteoarthritis” OR “frozen”) AND ("ste-
roid” OR “corticosteroid”) AND (“hyaluronic” OR “hyaluronic acid”)

Search strategy for Scopus
#1 (ALL("shoulder” OR “glenohumeral” OR “adhesive capsulitis” OR “osteoarthritis” OR “frozen”) AND ALL
(“steroid” OR “corticosteroid”) AND ALL (“hyaluronic” OR “hyaluronic acid"))

Search strategy for the Cochrane Library
#1 “Shoulder” OR “glenohumeral” OR "“adhesive capsulitis” OR “osteoarthritis” OR “frozen”
#2 “Steroid” OR “corticosteroid”
#3 “Hyaluronic” OR "hyaluronic acid”
#4 #1 AND #2 AND #3 in Trials (Word variations have been searched)

Search strategy for KMBASE
#1 ((Shoulder [total) OR (glenohumeral [total) OR (adhesive capsulitisjtotal) OR (osteoarthritis [total) OR
(frozenltotal)) AND ((steroid|total) OR (corticosteroid|total)) AND ((hyaluronic|total) OR (hyaluronic acid|total))

Database Key words

(“shoulder”[all fields] OR “glenohumeral”[all fields] OR “adhesive capsulitis”[all fields] OR “osteoarthritis”[all fields] OR
PubMed “frozen”[all fields]) AND (“steroid”[all fields] OR “corticosteroid”[all fields]) AND (“hyaluronic”[all fields] OR “hyaluronic
acid”[all fields]) 299

(“shoulder” OR “glenohumeral® OR “adhesive capsulitis“ OR “osteoarthritis“ OR “frozen) AND (“steroid OR “corticosteroid*)

Embase AND (“hyaluronic* OR “hyaluronic acid) 1,681
Scopus (ALL (“shoulder” OR “glenohumeral” OR “adhesive capsulitis” OR “osteoarthritis” OR “frozen”) AND ALL (“steroid” OR
P “corticosteroid”) AND ALL (“hyaluronic” OR “hyaluronic acid”)) 7,033
Cochrane ((“shoulder” OR “glenohumeral” OR “adhesive capsulitis” OR “osteoarthritis” OR “frozen”) AND (“steroid” OR “corticosteroid”)
library AND (“hyaluronic” OR “hyaluronic acid”)) in Trials (Word variations have been searched) 300
KMBASE ((shoulder |total) OR (glenohumeral |total) OR (adhesive capsulitis|total) OR (osteoarthritis |total) OR (frozen|total)) AND

((steroid|total) OR (corticosteroid|total)) AND ((hyaluronic|total) OR (hyaluronic acid|total)) 892




(A) VAS 2-4 weeks

(B) SPADI 2-4 weeks

(C) Constant 2-4 weeks

(D) Constant 12 weeks
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Supplementary 2. Graphic funnel plots showing the differences in (A) VAS scores at 2-4 weeks, (B) SPADI scores at 2-4
weeks, (C) Constant scores at 2-4 weeks, (D) Constant scores at 12 weeks, (E) PROM abduction at 2-4 weeks, (F') PROM
external rotation at 2-4 weeks, (G) PROM external rotation at 12 weeks, (H) PROM forward flexion at 2-4 weeks, (1)
AROM abduction at 2-4 weeks, and (J) AROM external rotation at 2-4 weeks.




