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Abstract

Objective: To compare the efficacy of rotator interval (RI) vs posterior approach (PA) ultrasound (US) guided corticosteroid injections into the

glenohumeral (GH) joint in primary frozen shoulder (PFS).

Data Sources: A systematic literature search for all relevant studies on Medline, Scopus, Embase, Web of Science, and Cochrane Central, up to

January 2023 was conducted.

Study Selection: Randomized controlled trials that directly compared the US-guided corticosteroid injection into the RI and GH joint using PA in

patients clinically and radiographically diagnosed with PFS.

Data Extraction: The primary outcome was pain, and the secondary outcomes were function, and range of motion (ROM). Two authors indepen-

dently assessed the risk of bias using the Cochrane risk-of-bias tool version 2. A random-effects model and generic inverse variance method were

performed. Effect sizes were estimated using mean difference (MD) and standardized mean difference (SMD).

Data Synthesis: A total of 5 clinical trials involving 323 subjects were included for the meta-analysis. US-guided corticosteroid injections into the

RI revealed significant pain relief (MD 1.33 [95% confidence interval (CI) 0.20 to 2.46]; P=.02) and significant functional improvement (SMD

1.31 [95% CI 0.11 to 2.51]; P=.03) compared with the PA after 12 weeks.

Conclusion: The results suggest the injection of corticosteroid into RI space is more effective than PA after 12 weeks in improving both pain and

functional scores in patients with PFS.
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Introduction

Primary frozen shoulder (PFS) or adhesive capsulitis is an inflam-

matory condition of uncertain etiology characterized by a gradual

and painful restriction of movement in the glenohumeral (GH)

joint.1-3 It is estimated to affect around 5% of the population and

commonly occurs in middle-aged women.4-7 Non-surgical inter-

ventions are the gold-standard treatment option.8-10 Studies have

shown that a single corticosteroid injection produces more favorable

short-term outcomes than other conservative approaches.3,10-13

The mechanical effect of hydrodilatation as well as the reduction

of synovitis by the steroid improves pain levels and overall joint

function.3,14

Accurate injections are crucial to ensure the therapeutic effec-

tiveness. Radiologic guidance is recommended to archive preci-

sion and avoid anatomic variations.15-18 Ultrasound (US) guided

corticosteroid injections in the rotator interval (RI), subacromial

(SA) space, and GH using a posterior approach (PA) have been

widely described.19-23 However, debate continues regarding which

is the most effective.20 Chen et al performed a meta-analysis of

randomized controlled trials (RCTs) comparing intra-articular

(IA) and subacromial corticosteroid injections. They found that IA

injections were more effective for pain relief, but no significant

differences were observed in functional outcomes.19 Therefore,

further comparison and analysis are required.24

The RI and coracohumeral ligament involvement in the patho-

genesis of the PFS suggests that an intervention directly into the

RI may lead to superior clinical results than injections in other

sites.25-29 Trials have compared the RI corticosteroid injection

with other articular spaces. However, findings have been inconsis-

tent across the studies.14,25,26,30,31 These discrepancies suggest

that further research about the benefits of RI injection is needed.

This systematic review aimed to compare the efficacy of RI vs PA

for US-guided corticosteroid injections into the GH joint in

patients with PFS.
Materials and methods

The systematic review was conducted according to the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) checklist32 and the guidelines from the Cochrane

Handbook for Systematic Reviews of Interventions.33 The study

was reviewed and approved by the university’s research and ethics
List of abbreviations:

CI confidence interval

GH glenohumeral

IA intra-articular

MD mean difference

RCT randomized controlled trial

RI rotator interval

ROM range of motion

SMD standard mean difference

SPADI shoulder pain and disability index questionnaire

SSV subjective shoulder value

PA posterior approach

PFS primary frozen shoulder

US ultrasound

VAS visual analog scale
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Search strategy

The search strategy was designed by an expert reference librarian

using a combination of keywords and MeSH terms based on the

population, intervention, comparison, and study design of interest.

The principal terms such as “frozen shoulder, “adhesive capsu-

litis”, “ultrasound-guided injection”, “intraarticular corticosteroid

injection”, and “randomized controlled trial” were searched with

maximum sensitivity. The search was conducted in multiple elec-

tronic databases (MEDLINE, Scopus, Web of Science, EMBASE,

and Cochrane Central). The studies were searched from inception

to January 2023 (see supplemental table S1).
Eligibility criteria

Studies were screened for inclusion according to the following cri-

teria: RCTs that directly compared the US-guided corticosteroid

injection into the RI vs the PA in patients clinically and radio-

graphically diagnosed with PFS. Pain relief (primary outcome),

function, and range of motion (ROM) improvement (secondary

outcomes) assessed by validated questionnaires or scales (ie,

visual analog scale [VAS], Constant score, the subjective shoulder

value [SSV], The shoulder pain and disability index questionnaire

(SPADI) and goniometer). A minimum of 1 outcome was consid-

ered enough for a study to be included. Studies that did not report

the demographic characteristics of the sample, undefined sample

sources, non-full-text reports, or duplicates were excluded. No

studies were excluded based on the risk of bias assessment.
Study selection process

Two reviewers independently screened the titles, abstracts, and

full-text of manuscripts for eligibility using a 2-step approach.

The reviewers screened only the titles and abstracts of the studies

(Step 1). Studies considered by at least 1 reviewer were contem-

plated for full-text screening. A full-text screening (step 2) was

managed to decide the inclusion of studies. Identical inclusion cri-

teria were used for both screening phases. Disagreements were

debated and communally resolved by the authors. In case of fur-

ther disagreements, a third author made the final decision. The

chance-adjusted inter-rater agreement was estimated at the cali-

bration and conduction of each phase using the Kappa statistic.34

Distiller Systematic Review Software (DistillerSR, Evidence Part-

ners, Ottawa, Canada) was used for the data management during

the selection process.
Data collection process

Data regarding study characteristics, quality of evidence, and out-

comes were extracted independently and in duplicate by 2

reviewers using a standardized data extraction format. Eligible

studies were reviewed, and the following data were extracted: first

author name; publication year; follow-up; number of participants

in the intervention groups; age and sex of the study participants;

corticosteroid injection space; description of the intervention;

injected volume; type and dose of corticosteroid used; additional

activities (physical therapy, home exercise program); and pain,

functional scores, and ROMs at baseline and follow-up. Studies
 National Library of Health and Social Security de ClinicalKey.es por Elsevier en 
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Fig 1 Flow chart of study selection.
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were analyzed qualitatively if the intervention could not be possi-

ble to pool. Conflicts at this phase were resolved by consensus or

arbitration by a third, experienced, reviewer.
Quality assessment of included studies

A systematic assessment of bias in the included studies was per-

formed using the Cochrane Risk of Bias Tool version 2 (RoB 2.0).

Two reviewers working independently and in duplicate assessed

the methodological quality of each study. The tool covers 5

domains: bias arising from the randomization process, bias due to

deviations from intended interventions, bias due to missing out-

come data, bias in the measurement of the outcome, and bias in

the selection of the reported result.35 There are 5 possible answers

for each domain (yes, probably yes, no, probably not, and no infor-

mation), and according to the answers, the tool catalogs the risk of

bias as low, some concerns, or high.
Statistical analysis

To evaluate the effectiveness of the interventions for each study, a

summary of the intervention effect was estimated by mean difference

(MD) and standardized mean difference (SMD) with 95% confidence

interval (CI). The MD was estimated for pain (VAS), abduction, flex-

ion, and external rotation (goniometry). Because of the different met-

rics and methods used to evaluate functionality scores (SPADI, SSV,

and Constant scores) and internal rotation, SMD was used for effect

size estimation. SMD values of 0.2−0.5 were considered small, val-

ues of 0.5-0.8 were appraised as medium, and values >0.8 were con-

sidered large.36 The Der Simonian-Laird random-effect model and

the generic inverse variance method were used. For MD calculation,

net changes in measurements were calculated as follows: measure at

the follow-up minus measure at baseline. When only the standard

error of the mean (SEM) was reported, the SD was estimated using

the following formula: SD = SEM £ sqrt (n), where n is the number

of subjects. We performed recalculations for the study conducted by
Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en N
abril 25, 2024. Para uso personal exclusivamente. No se permiten otros usos sin au
Elnady et al.30 The SD of the mean difference was calculated using

the following formula: SD = square root [(SDpre-treatment)

2 + (SDpost-treatment)2 � (2R £ SDpre- treatment £ SDpost- treat-

ment)], assuming a correlation coefficient (R) of 0.5. These calcula-

tions served as fundamental components within the RevMan

program, enabling a quantitative comparison of interventions and the

generation of forest plots. The heterogeneity of the studies was exam-

ined by applying Cochrane’s Q statistic test, and a P value <.05 was

considered statistically significant. The I2 was also calculated to eval-

uate the percentage of variability in the effect estimate that is due to

heterogeneity rather than chance, in which >50% suggests substantial

heterogeneity. Lastly, we performed a sensitivity analysis to evaluate

the influence of individual studies on the overall effect size using the

leave-one-out method (ie, removing 1 study each time and repeating

the analysis). We did not perform a test for publication bias because

such an evaluation is typically performed only when at least 10 stud-

ies are included in the meta-analysis. The results are presented in 3

periods of follow-up (3-4, 6-8, and 12 weeks). All statistical analyses

were conducted using RevMan (version 5.4; The Cochrane Collabo-

ration, 2020) and the meta package in R (version 3.4.3; R Project for

Statistical Computing).
Certainty of evidence

We evaluated the certainty of evidence using the GRADE for

complex interventions. Certainty of evidence from non-random-

ized trials starts at low and can be rated down for methodological

limitations, imprecision, indirectness, inconsistency, or publica-

tion bias.
Results

The search strategy identified 991 publications. A total of 931

studies did not meet the inclusion criteria and were excluded. Sub-

sequently, 14 reports were not retrieved. Forty full-text articles
www.archives-pmr.org
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were reviewed for eligibility, and 35 were excluded for the follow-

ing reasons: 30 studies did not include the intervention group of

interest, 4 studies were not RCT, and 1 study did not evaluate the

outcomes of interest. In addition, 1 study was identified through a

citation-searching method. From the 6 RCTs selected in the

systematic review, a total of 5 were included for meta-analysis

(fig 1). The study conducted by Prestgaard et al31 was not included

in the quantitative analysis because of the differing arm interven-

tions used. Their investigation compared corticoid injections in

PFS contrasting IA with a combined approach of IA and RI

approaches. The chance-adjusted inter-rater agreement using the

Kappa statistic resulted in 0.84 and 0.96 for the 2 selection phases,

respectively.
se

D
is
ea
se

D
u
ra
ti
o
n

W
ee
ks

B
as
el
in
e

P
ai
n
Sc
o
re

Fu
n
ct
io
n
Sc
o
re

A
b
d
u
ct
io
n
˚

Fl
ex

1
5
.1
§4

.6
6
.1

(5
.8
-6
.4
)y

6
8
.9

(6
3
.7
-7
4
.1
)y

5
4
.5

(4
6
.7
-6
2
.3
)y

9
1
.0

1
5
§5

.9
6
.4

(6
.1
-6
.7
)y

6
7
.1

(6
2
.3
-7
1
.9
)y

6
1
.8

(5
3
.6
-6
9
.9
)y

1
0
0
.

1
4
.4

§
4
.3

7
.6
§0

.4
2
0
.9
§4

.4
z

7
6
.4
§9

.7
8
7
.1

1
5
.2

§
5

7
.6
§0

.4
2
1
.3
§4

.3
z

7
3
.1
§8

.6
8
8
.5

9
.1
§2

.9
*

7
.2
§9

.7
9
0
.3
§1

5
.1

1
0
8
.8
§2

2
.6

9
9
§

8
.3
§2

.6
*

7
.2
§9

.6
8
9
§1

5
.8

1
1
0
.1
§2

1
.8

9
9
.3

ag
es

N
R

5
.9
§2

.2
4
7
.6
§1

4
.9

9
1
.7
§2

2
.8

1
3
1
.

5
.1
§2

.1
4
9
.5
§2

2
8
9
.4
§2

1
.4

1
2
7
.

9
.3
§1

4
.7

6
.9
§2

.5
3
9
.6
§2

1
.3

1
0
0
.3
§2

6
.5

1
1
9
.

1
0
§1

1
.2

6
.4
§2

.2
4
1
§1

6
.7

9
8
.6
§2

6
.7

1
1
2
.

4
.4
§1

.3
*

7
.2
3
§1

.2
8

4
1
.6
§1

1
z

7
8
.1
§1

6
.3

9
0
.1

4
.3
§1

.5
*

7
.1
0
§1

.3
0

4
2
.6
§1

1
.9

z
8
0
.1
§1

9
.2

8
8
.3

ri
ab
le
s
as

n
u
m
b
er

(P
er
ce
n
ta
g
e)

u
n
le
ss

o
th
er
w
is
e
in
d
ic
at
ed
.

Patient demographics

Data suitable for analysis were reviewed and analyzed from 323

subjects (162 in the RI arm and 161 in the PA arm). The range of

publication dates of the studies was from 201531 to 2023.37 The

geographic region where the studies were conducted was hetero-

geneous: 2 studies from China,26,37 1 from Egypt,30 Norway,31

Taiwan,14 and South Korea25 each. All subjects enrolled in the

studies included had a confirmed diagnosis of PFS. The duration

disease ranged from 8 weeks30 to 10 months.31 Three studies did

not specify the disease stage of the patients included,30,31,37 2 stud-

ies included patients in the freezing stage,25,26 and 1 analyzed a

sample through different stages.14 The final follow-up of patients

in each study ranged from 3 months14,25,26,30,37 to 6 months.31 The

samples included are mainly women between 40 and 50 years old.

Detailed information of study characteristics and patients is

depicted in table 1, and the intervention characteristics are

described in table 2. The approaches were neither planned to be

personalized nor modified during the study. The allocation and

data collection were blinded across the studies. The results across

follow-up and level of evidence are summarized in table 3.
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Pain relief

A meta-analysis was performed using 5 studies14,25,26,30,37 that

reported a pain scale (VAS) (fig 2). Statistical differences were

found between RI and PA steroid injection for pain relief after 3-4

weeks (n=3, MD 1.44 [95% CI 0.37 to 2.5]; P=.008; I2=89%), 6-8

weeks (n=4, MD 1.36 [95% CI 0.38 to 2.33]; P=.006; I2=89%),

and 12 weeks (n=5, MD 1.33 [95% CI 0.20 to 2.46]; P=.02;

I2=94%), favoring the RI over the PA. This effect size was robust

in the sensitivity analysis (supplemental table S2).
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Function improvement

Five studies reported a functional scale, using the SSV,25

SPADI,14,30 and Constant26,37 tools, allowing for a meta-analysis

to be performed (fig 3). No statistical differences were found

between RI and PA steroid injection for function after 3-4 weeks

(n=3, SMD 1.32 [95% CI -0.19 to 2.83]; P=.09; I2=95%), and 6-8

weeks (n=4, SMD 0.74 [95% CI -0.19 to 1.68]; P=.12; I2=92%).

However, a statistically significant result was obtained after 12

weeks (n=5, SMD 1.31 [95% CI 0.11 to 2.51]; P=.03; I2=96%),

favoring the RI over the PA. It is considered as large effect. The

sensitivity analysis shows that the effect size was not robust (sup-

plemental table S2).
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Table 2 Intervention characteristics

Author Provider Steroid Complement Support Activities RI Procedure PA Procedure

Prestegaard, 2015, Norway31 Physicians IA: 1 mL triamcinolone

hexacetonide 20 mg/mL

IA group: 2.5 mL lidocaine

into IA, and 3.5 mL

lidocaine 10 mg/mL into RI

No home exercises were

given.

The participants lying in a supine

position. The injections were aimed

along the long head of the biceps

and into the anterior capsule.

Participants lying on their side. The

injection was from the posterior

portal and guided into the joint.

RI + PA: 0.5 mL triamcinolone

into RI and IA.

Combined:3 mL lidocaine into

RI and 3 mL lidocaine into

IA

Sun, 2017 China26 Physician 1 mL of 40 mg/mL

triamcinolone

2 mL 2% lidocaine Daily shoulder exercises In a seated position, the needle was

introduced with an angle of 30˚ to

the skin into RI.

The injection was from the posterior

portal and guided into the joint.

Elnady, 2020 Egypt30 Radiologist 1 mL methyl-prednisolone

acetate (40 mg)

1 mL of 2% lidocaine and

15 mL saline

Guided stretching and

strengthening exercise

program

In a supine or semi-supine, the

shoulder is slightly extended. A

needle is introduced into the RI

using an oblique path between the

coracohumeral ligament above and

biceps tendon.

In semi-prone position, the injection

needle is introduced at the skin

surface in an oblique lateral to

medial direction into GH joint.

Wang, 2021, Taiwan14 Physiatrist 4 mL of 40 mg (10 mg/mL)

triamcinolone acetonide.

4 mL of 2% lidocaine

hydrochloride and 12 mL of

normal saline

Exercise program

including Codman’s

exercises, and wall

climbing.

The probe was placed lateral to the

coracoid process on the

deltopectoral groove. After sterile

preparation, a needle was inserted

from the lateral side of the probe.

The probe was placed parallel to the

lateral end of the scapular spine. A

needle was inserted using the in-

plane approach between the

humeral head and the bony glenoid

fossa.

Cho, 2022 South Korea25 Shoulder-

intervention

specialist

1 mL of 40 mg triamcinolone

acetonide

3 mL of 1% lidocaine, 3 mL of

water-soluble unionized

contrast, and 3 mL of

normal saline.

Home-based exercise The patient in supine position with

external rotation and abduction of

the arm. The needle was introduced

between the long bicep’s tendon

and the subscapularis tendon.

In semi lateral decubitus position on

the unaffected side with 45˚

anterior tilting of the affected side.

The needle was advanced laterally

to medially reached the GH joint

space.

Deng, 2023, China37 Trained joint

surgeon

1 mL of 40 mg triamcinolone

acetonide

4 mL of 1% lidocaine Self-exercise program The elbow joint was placed in the

flexion position. The needle was

inserted between the coracoid

process and the anterolateral angle

of the acromion

The soft point inferior and medial to

the posterolateral angle of the

acromion. The needle was inserted

toward the coracoid process.

Abbreviations: ˚, grades; %, percentage.
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Table 3 Results of pooled outcomes

Effect Size Heterogeneity

Level of EvidenceMD (95% CI) P Value I2, % P Value

3-4 weeks

Pain relief 1.44 (0.37, 2.5) .008 89% <.001 Low

Function* 1.32 (-0.19, 2.93) .09 95% <.001
Passive abduction 2.38 (-2.03, 6.8) .29 0% .83

Passive flexion 3.5 (-9.04, 16.04) .58 87% <.001
Passive external rotation 6.94 (3.39, 10.49) <.001 25% .26

Passive internal rotation* 0.26 (-0.14, 0.66) .2 49% .14

6-8 weeks

Pain relief 1.36 (0.38, 2.33) .006 89% <.001 Low

Function* 0.74 (-0.19, 1.68) .12 92% <.001
Passive abduction 3.4 (-0.81, 7.61) .11 0% .85

Passive flexion 1.71 (-4.6, 8.01) .6 55% .08

Passive external rotation 6.12 (3.32, 8.92) <.001 0% .46

Passive internal rotation* 0.32 (0.08, 0.57) .009 0% .92

12 weeks

Pain relief 1.33 (0.2, 2.46) .02 94% <.001 Moderate

Function* 1.31 (0.11, 2.51) .03 96% <.001
Passive abduction 7.04 (3.83, 10.26) <.0001 0% .76

Passive flexion 6.31 (0.46, 12.16) .03 74% .006

Passive external rotation 9.89 (2.2, 17.59) .01 89% <.001
Passive internal rotation* 0.99 (0.13, 1.85) .02 92% <.001

NOTE. Values are expressed as mean difference (95% CI) unless otherwise indicated.
* Effect size expressed as standard mean difference (95% CI).
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Range of motion

Five studies14,25,26,30,37 reported in grades measured through a

goniometer for abduction, flexion, internal rotation, and external

rotation improvement, enabling the performing of a meta-analysis

for each movement (supplemental figs S1-S4, respectively). Sensi-

tivity analysis effect sizes were also calculated (supplemental

table S2).

Abduction improvement
No statistical differences were found between RI and PA steroid

injection after 3-4 weeks (n=3, MD 2.38 [95% CI -2.03 to 6.8];

P=.29; I2=0%), and 6-8 weeks (n=4, MD 3.4 [95% CI -0.81 to

7.61]; P=.11; I2=0%). Nevertheless, a statistically significant

result was obtained after 12 weeks (n=5, MD 7.04 [95% CI 3.83 to

10.26]; P≤.001; I2=0%), favoring the RI over the PA. The effect

size demonstrated robustness in the sensitivity analysis.

Flexion improvement
No statistical differences were found between RI and PA steroid

injection after 3-4 weeks (n=3, MD 3.5 [95% CI -9.04 to 16.04];

P=.58; I2=87%), and 12 weeks (n=5, MD 1.71 [95% CI -4.6 to

8.01]; P=.6; I2=55%). However, a statistically significant result

was identified after 6-8 weeks (n=4, MD 6.31 [95% CI 0.46 to

12.16]; P=.03; I2=72%), favoring the RI over the PA. This effect

size was not robust in the sensitivity analysis.

Internal rotation improvement
No statistical differences were found between RI and PA steroid

injection for flexion after 3-4 weeks (n=3, SMD 0.26 [95% CI

-0.14 to 0.66]; P=.20; I2=49%). Nonetheless, a statistical signifi-

cance was found after 6-8 weeks (n=4, SMD 0.32 [95% CI 0.08 to

0.57]; P=.02; I2=92%), and 12 weeks (n=5, SMD 0.35 [95% CI
www.archives-pmr.org
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0.03 to 0.66]; P=.009; I2=0%), favoring the RI over the PA. How-

ever, both SMD are considered as small effect. Sensitivity analysis

indicates robustness in the effect size.
External rotation improvement
Statistical differences were found between RI and PA steroid

injection for flexion after 3-4 weeks (n=3, MD 6.94 [95% CI 3.39

to 10.49]; P≤.001; I2=25%), 6-8 weeks (n=4, MD 9.89 [95% CI

2.2 to 17.59]; P=.01; I2=89%), and 12 weeks (n=5, MD 6.12 [95%

CI 3.32 to 8.92]; P≤.001; I2=0%), favoring the RI over the PA.

This effect size was not robust in the sensitivity analysis.
Adverse effects

Overall, the procedure was well tolerated by the patients in both

approaches, with no significant adverse events reported. Tempo-

rary facial flushing, attributed to needle syncope, was observed in

both interventions.26,30 Additionally, some patients experienced

shoulder discomfort or pain during the initial days after the intra-

articular injection; however, these symptoms resolved

spontaneously.14,25,26,30,37
Risk of bias

For the randomization process domain, the 5 studies were classi-

fied as low risk of bias. One study26 was classified as high risk of

bias in the domain related to deviations from intended interven-

tions and missing outcome data, the rest of the studies had a low

risk of bias. All the studies had a low risk of bias regarding the

measurement of the outcome domains. Four studies14,25,26,37 had

some concerns for the selection of the reported results, the rest of

the studies had a low risk of bias. Finally, the overall risk of bias
 National Library of Health and Social Security de ClinicalKey.es por Elsevier en 
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Fig 2 Forest plot displaying the effect size (MD) and 95% CI for pain relief.
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was graded with some concerns in 4 studies,14,25,30,37 low in 1

study,26 and high in another31 (supplemental fig S5).
Discussion

The findings of the present meta-analysis suggest that a single US-

guided corticosteroid injection led to significant improvements in

pain relief, function, and ROMs for at least 12 weeks, as indicated

by previous systematic reviews.19-22,38 The clinical efficacy

between RI and PA intra-articular US-guided corticosteroid injec-

tion was compared through RCTs. Statistically significant differ-

ences for pain relief across all the follow-up periods, and only

after 12 weeks post-intervention for function in favor of the RI

approach. Regarding ROMs improvement, there were statistically

significant differences in abduction, internal rotation, and external

rotation at 12 weeks post-injection with the RI approach. How-

ever, these differences could be clinically narrow. The sensitivity

analysis performed for pain relief and internal rotation improve-

ment displayed no significant influence by individual studies on

the overall effect size. In contrast, the function and external rota-

tion improvement revealed a modification in the summary effect.

The RI is a triangular space located in the anterior superior

region of the GH joint. It is limited by the subscapularis and
Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en N
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supraspinatus tendons, and encompasses the long head of the

bicep’s tendon, the coracohumeral, and the superior glenohumeral

ligaments.29,39 Although the RI is not the unique area affected by

PFS, it has an acknowledged role in its pathogenesis. Imaging and

histologic findings show a significantly thickened, increased

expression of inflammatory cytokines, and fibrosis in this

region.27,40-42

Previous RCTs have determined the efficacy of US-guided RI

injection.25,31,37,43,44 The injection via RI increases the local corti-

costeroid concentration at the anterior joint capsule, and the cora-

cohumeral ligament.43 The intervention through the rotator cuff

interval offers notable advantages over PA such as a better evalua-

tion of the rotator cuff, facility in the procedure, and the infiltra-

tion into the subacromial bursa structure if this structure is also

affected.14 Nevertheless, there remain unclear factors that require

consideration to understand the heterogeneous results such as dis-

ease duration, exercise program implemented, doses, and volume

of the interventions.

The features of the participants regarding disease duration dif-

fer across the studies. It has been discussed that the intervention is

more useful during the early period.22,25,38,45 The PFS is a self-

limiting condition lasting up to 3 years. Normally, 3 representative

pathologic phases are described: the freezing phase, the adhesive

phase, and the resolution phase.46 The first phase lasts 10-36
www.archives-pmr.org
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Fig 3 Forest plot displaying the effect size (MD) and 95% CI for function improvement.
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weeks, in which the pain and stiffness of the shoulder are predomi-

nant. The adhesive phase occurs at 4-12 months where the pain

gradually subsides, but the stiffness remains. Lastly, the resolution

phase takes between 12 and 42 months, with spontaneous

improvement in the range of movement.3,27,46 Only 2 studies

included in the review had patients in the freezing stage,25,26 while

the other ones included participants in various stages or did not

specify. However, overlapping of the distinct stages is possible

because of the progression of the disease and inaccurate duration

report.24,26

Because of the natural history of PFS, improvement over time

is expected. In addition, long-term studies have shown that 40%

of patients have persistent mild pain and shoulder motion limita-

tion and 11% of patients have permanent disability of the shoulder

joint.13 Nevertheless, the trials focus on short follow-ups (3

months) rather than longer. Only 1 study follow-up covered up to

6 months.31 The no specification of disease phase and the wide

range of disease duration reported could explain some of the het-

erogeneous results between studies due to the expected improve-

ment due to the natural history of the PFS. Some authors could

include patients with longer disease duration than other authors.

Injections across the studies share common errors in their

implementation that could possibly affect the outcomes. US-
www.archives-pmr.org

Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en
abril 25, 2024. Para uso personal exclusivamente. No se permiten otros usos sin 
guided might not fully prevent steroid leakage.15,16 Inaccurate

administration may reduce the effectiveness of the intervention.47

Furthermore, it could originate several side effects. Only 1 study

assessed the accuracy of steroid administration through axillary

fluoroscopic images. The accuracy of injection was 76.7% and

93.3% in the RI and PA groups, respectively.25 These data suggest

some imprecision despite the image guidance.

A triamcinolone dosage of 40 mg has been proven to be

effective.48,49 Four studies administered this dose of

triamcinolone14,25,26,37 and 1 study used 40 mg of prednisolone.30

The drug combination used across the studies were similar, but the

volume content was different. The ideal volume for hydro-dilata-

tion remains uncertain.24,50 Volumes of 10 mL,25 17 mL,30 and 20

mL14 have been described, which may produce an additional ther-

apeutic effect distention of the capsule caused by the hydrostatic

pressure.51,52. However, volumes of injected solution exceeding

18 mL may lead to the rupture of the joint capsule, leading to vari-

ous adverse effects such as leakage of corticosteroids into the sur-

rounding soft tissues.24

Complementary interventions implemented across studies were

heterogenous and not included in the analysis. Although all studies

employed an exercise regimen after the intervention, these lacked

standardization of frequency, intensity, duration, supervision,
 National Library of Health and Social Security de ClinicalKey.es por Elsevier en 
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compliance assessment, and type of movements. The effectiveness

of exercise therapy has been analyzed previously for pain relief,

disability, and ROM.53 Both home-based exercise programs and

supervised exercise have demonstrated effectiveness.10,53-56 A

systematic review concluded that steroid injection combined with

physical therapy provided more benefits during the freezing phase,

whereas joint manipulation provided more benefits in the adhesive

phase.22

Study limitations

The current study has several limitations. The inclusion of a

limited number of studies poses a significant weakness in our

research, limiting the generalizability of the results. The omis-

sion of searching for gray literature may have resulted in the

exclusion of relevant information. The analysis focused solely

on short-term outcomes, thereby overlooking potential long-

term effects. Moreover, individual studies do not account for

error measurement of the outcomes due to the absence of a

reliability analysis (Cronbach alpha); this is important because

of the reproducibility of the measurements. Additionally,

because of the study’s context, the administering physician

was not blinded. Furthermore, owing to the limited number of

incorporated studies, a quantitative assessment of moderators

to explain the heterogeneity within the outcomes was not per-

formed. The possible factors for this could be the eligibility

criteria used among the studies, exercise practice, disease

duration, and intervention protocol. Although the studies

implemented an exercise protocol after the corticosteroid

injection, the lack of standardization in the procedure poses a

limitation. Lastly, the studies did not report restrictions on

medication consumption post-intervention, which could have

influenced both clinical outcomes and the effects of corticoste-

roids. These limitations should be considered when interpret-

ing the results.

Future studies should evaluate the effect of corticosteroid injec-

tion by incorporating assessment methods such as imaging techni-

ques to appraise the accuracy of the procedure. Longer follow-up

periods and PFS recurrence would provide valuable insights. Subse-

quent research could explore the treatment effectiveness of com-

bined injection approaches, taking into consideration the diverse

involvement of various spaces in PFS. The standardization of the

exercise program must be specified in future studies.
Conclusion

Both RI and PA groups demonstrated substantial pain relief and

enhancement in functionality, and ROMs at 12 weeks post-injection.

The data suggest a single US-guided corticosteroid injection into the

RI significantly improves pain and function over the PA after 12

weeks. Although there were significant differences in abduction,

internal, and external improvement between approaches, these differ-

ences could be clinically narrow. Subsequent studies should focus on

a longer follow-up and register the recurrence of the PFS.
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