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Objective: Corticosteroid injection is a common 
treatment for primary frozen shoulder, but contro-
versy remains regarding whether different injection 
approaches to the glenohumeral joint have similar 
clinical benefits.
Design: Randomized controlled clinical trial.
Patients: A total of 60 patients with primary frozen 
shoulder were divided randomly into either anterior 
or posterior approach groups.
Methods: Both groups received a 5-mL drug injec-
tion, including 1 mL 40 mg/mL triamcinolone aceto-
nide and 4 mL 2% lidocaine. Follow-up time-points 
were 4, 8 and 12 weeks post-injection. Outcome 
measures included visual analogue scale score, 
Constant-Murley score, and passive range of motion 
of the shoulder joint.
Results: All outcome measures improved over the 
follow-up period compared with those of previous 
follow-up time-points within the groups. The pri-
mary finding was that the visual analogue scale 
score in the anterior group was better than that in 
the posterior group at each follow-up time-point 
(all p < 0.05). In addition, improvement in function 
score and external rotation was faster and sig-
nificant in the anterior group in the early stages 
(p = 0.02).
Conclusion: The anterior approach achieves more 
satisfactory results in pain control and offers bet-
ter recovery of functional activity than posterior 
approach in the early period for primary frozen 
shoulder.

Primary frozen shoulder (PFS), also known as adhe-
sive capsulitis of the shoulder, is a common chronic 

musculoskeletal disorder with an occult onset and a long 
disease course (1). The incidence rate is approximately 
2–5% among the general population (2). Diabetes and 
autoimmune diseases also contribute to its occurrence 
(3). The main symptoms of frozen shoulder are shoul-
der pain and limitation of shoulder activity (4), which 
seriously affect the patient’s daily life and work (5).

Owing to the severe restriction of the diseased 
shoulder’s function, people have used various treatment 
methods for PFS. Glenohumeral joint corticosteroid 
injection can not only significantly reduce the pain 
score (6, 7), but also improve the range of motion 
(ROM) of the shoulder joint (8). Although the anterior 
approach (AA) and posterior approach (PA) are both 
simple and common puncture routes for glenohumeral 
joint injection, the optimal injection approach remains 
controversial. The PA is further from the patient’s vison, 
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Corticosteroid injection approaches for primary frozen shoulder p. 2 of 8

with more humanization, and is thus more widely 
used in clinical practice (9). In 2011, Tobola et al. (10) 
found that the accuracy of contrast medium injection 
also differs between 3 different approaches: the AA 
(64.7%), PA (45.7%) and supraclavicular approach 
(45.5%). Meanwhile, the accuracy of the glenohume-
ral joint injections did not depend on the experience 
level of the operator. This observation is in contrast 
to the findings of Mattie et al. (11), that the accuracy 
of glenohumeral injections is dependent on the skills 
and level of experience of the provider. Different 
accuracies will cause the mixed drugs to not diffuse 
evenly throughout the entire articular capsule surface, 
which will yield different therapeutic effects. In 2020, 
Elnady et al. (12) proposed that, for frozen shoulders, 
ultrasound-guided hydrodilatation through the AA is 
practically and functionally more effective than the 
traditional PA. In 2021, Rijs et al. (13) also proved in 
a prospective trial that, after injecting contrast agent 
into the glenohumeral joint through the AA and PA 
without ultrasound guidance, the accuracy of the AA 
was higher than that of the PA. However, there have 
been no prospective clinical studies comparing the 
clinical effects of the AA and PA (13).

No differences in pain or functional results are appa-
rent between landmark-based and ultrasound-guided 
corticosteroid injections for the treatment of PFS, 
however, operation with ultrasound guidance is often 
costly and time-consuming (14). Therefore, glenohu-
meral joint corticosteroid injection based on anato-
mical landmarks has gradually become mainstream. 

In order to explore the best injection approach, the cur-
rent study aimed to determine whether the anatomically 
landmarked AA for glenohumeral joint corticosteroid 
injection is superior to the PA for patients with PFS.

METHODS

Study type
This was a prospective randomized controlled trial 
(RCT), conducted in accordance with the principles 
of the Declaration of Helsinki. All participants signed 
an informed consent form before participation and 
voluntarily accepted random grouping. The study was 
approved by the ethics committee and was registered 
with the Clinical Trial Registration Center (ChiCTR) 
(registration number: ChiCTR2100048130) before 
the start of the trial. The trial lasted approximately 
3 months. The study flow chart is shown in Fig. 1.

Patient inclusion criteria
Patients with unilateral PFS treated at our hospital (De-
partment of Orthopedics, The Second Affiliated Hos-
pital of Chongqing Medical University, Chongqing, 
China) from 31 July 2020 to 31 July 2021 were con-
sidered for inclusion.

Inclusion criteria were: (i) age ≥ 18 years with uni-
lateral shoulder pain and limited movement diagnosed 
with PFS; (ii) duration of pain ≤ 9 months and visual 
analogue scale (VAS) score ≥ 3 (out of 10); (iii) limita-
tion of movement, i.e. active and passive movement 

Fig. 1. Flow chart of patient 
randomization and follow-up. VAS: 
visual analogue scale; ROM: range 
of motion.
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of the affected shoulder joint limited by more than 30° 
relative to the contralateral shoulder joint in at least 
2 directions(abduction, flexion, external rotation, and 
internal rotation); and (iv) routine shoulder X-ray and/
or magnetic resonance imaging (MRI) examinations 
to exclude other pathologies, such as rotator cuff tears, 
rotator cuff tendinosis, biceps tendinitis, calcified ten-
dinitis, labial lesion and osteoarthritis.

Exclusion criteria were: (i) shoulder pain secondary 
to rheumatic disease, trauma, or infectious arthritis; (ii) 
injection of corticosteroids on the affected side in the 
past 3 months; (iii) any contraindications associated 
with steroid injections (e.g. poor glycaemic control and 
accompanying infectious diseases); and (iv) inability 
to understand and cooperate with the investigators or 
provide informed consent.

Sample size estimation
Before randomization, prospective power analysis was 
used to estimate the sample size. The main results were 
VAS scores. The assumptions regarding the values and 
variances of the VAS scores are based on a previous 
study on frozen shoulder by Buchbinder et al. (15). 
Assuming a 90% test efficiency between the 2 groups 
(β = 0.10, α = 0.05), the mean difference was 2 points 
(minimal clinically important difference of VAS in 
shoulder pain (16)), and the standard deviation was 2 
points. Our test efficacy analysis showed that at least 
22 patients in each group were required to obtain 
significant differences in the VAS score. Assuming a 
dropout rate of 20%, at least 28 participants in each 
group were required.

Randomization method
First, a data expert used a computer to generate a co-
lumn of random numbers, which were divided into 2 
groups from the middle. The first group represented 
the AA group, and the second group represented the 
PA group. Patients were included in the first or second 
group in an orderly manner. The assignment was 
performed by another independent researcher who 
knew nothing about the details of the treatment. The 
operator only performed the injection therapy and did 
not participate in the follow-up and data analysis sta-
ges. Follow-up measurements and data analysis were 
performed by other researchers.

Treatment process
All patients were locally injected by a trained joint 
surgeon (KT) with a 22 gauge 6-cm long needle to 
exclude the differences caused by different operators. 
The volumes of all mixed liquids were 5 mL, including 
1 mL 40 mg/mL triamcinolone acetonide + 4 mL 2% 
lidocaine. After the injection, the same rehabilitation 

manual (17) (Appendix S1) was issued to guide pa-
tients in performing shoulder joint functional exercise. 
The self-exercise programme was composed of flexion, 
abduction, external rotation and internal rotation under 
mild active training, and each exercise was performed 
15–20 times during a period of 15 min 3 times a day. 
The programme lasted for 12 weeks, and patients 
were excluded if the exercise was not strictly perfor-
med during follow-up. In addition, any extra drugs or 
physiotherapy were prohibited. The detailed injection 
steps are as follows:

Anterior approach group. As described by Rijs et al. 
(13), the patient was placed in the sitting position, the 
upper limb was placed on the thigh on the same side and 
rotated outward as much as possible, and the elbow joint 
was placed in the flexion position. The in vitro anato-
mical landmarks of the shoulder joint were touched in 
order, and the coracoid process, the inner and outer edges 
of the acromion, the anterolateral angle of the acromion, 
the spine of the scapula and the acromioclavicular joint 
were marked with a pen. After routine disinfection with 
povidone iodine, the needle was inserted in the soft point 
between the coracoid process and the anterolateral angle 
of the acromion, approximately 1 cm below the acro-
mioclavicular joint and 0.5 cm outside the plane of the 
acromioclavicular joint space (Fig. 2A). Simultaneously, 
the needle was tilted downward at 30° to the horizontal 
plane and inward at approximately 10° to the sagittal 
position. When the needle struck the humeral head, it 
was tilted inward slightly, and the mixed liquid was then 
injected with little resistance.

Posterior approach group. The patient was placed 
in the sitting position, and the forearm was placed 
on the opposite shoulder to fully open the shoulder 
joint. The in vitro anatomical marks of the shoulder 
joint were touched in sequence, and the coracoid pro-
cess, the inner and outer edges of the acromion and 
the posterolateral angle of the acromion, namely, the 
spine of the scapula, were marked with a pen. The soft 
point was 2–3 cm inferior and medial to the postero-
lateral angle of the acromion (Fig. 2B). After routine 
skin disinfection, the needle was inserted toward the 
coracoid process. When there was no effusion during 
withdrawal, the mixed drug could be injected.

All participants had to stay in the hospital outpatient 
room for at least 20 min to detect and record any acute 
adverse reactions after injection, including dizziness, 
skin flushing and local bleeding. Late adverse events, 
including menstrual disorder, infection, personality 
change, and skin pigmentation, were also examined 
during follow-up.

Outcome measures
The results were collected before treatment and at the 
4th, 8th and 12th weeks after injection. Pain severity 
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by VAS and Constant-Murley shoulder score (Constant 
score) were the primary outcome measures. Secondary 
outcomes included passive range of motion (ROM) 
and complications. The detailed scoring rules are as 
follows: VAS scores range from 0 to 10, with 0 being 
“painless” and 10 being “the worst pain imaginable”. 
The Constant score, as the scoring system of the Euro-
pean Shoulder Association, is one of the most widely 
used shoulder function scores in the world. Out of 
100 points, the objective evaluation indices included 
shoulder ROM and muscle strength (65 points), and 
the subjective evaluation indices included pain and 
functional activity (35 points). Higher scores indicate 
better functional outcomes. Measurement of ROM 
included passive abduction, flexion, external rotation, 
and internal rotation of the affected shoulder joint. 
Each direction was measured 3 times with a gonio-
meter, in a standing position, and the mean value was 
taken for statistical analysis.

Data analysis
SPSS 25.0 (IBM Corp, Chicago, IL, USA) was used for 
statistical analysis. Quantitative data are expressed as 
the mean ± standard deviation (x ± SD), and qualitative 
data are expressed as percentages. Repeated- measures 
analysis of variance (ANOVA) was  performed to de-
fine the overall effect of the measurements at different 
time-points within the group. The normality of the 
data was tested by the Kolmogorov–Smirnov test. If 
normality was rejected, the non-parametric test was 
used. The differences in continuous variables between 
the 2 groups were analysed using the independent 
sample t-test or the Mann–Whitney U test (for non-
parametric date), and the dichotomous variables 

between the 2 groups were analysed using the χ2 test. 
p < 0.05 was considered statistically significant, with 
no adjustment for multiple comparisons. To reduce 
the impact of bias, intention-to-treat (ITT) was used 
to analyse the follow-up data.

RESULTS

A total of 76 patients with PFS met the inclusion crite-
ria, but 60 patients ultimately signed informed consent 
forms and were willing to receive randomized treat-
ment. There were 30 patients in the AA group and 30 
in the PA group. No significant differences were found 
in baseline demographic and clinical characteristics 
between the 2 groups (Table I). Among the 60 patients, 
5 were lost to follow-up (3 due to occupational mobility 
and 2 due to COVID-19). In addition, 2 patients chose 
surgical treatment due to dissatisfaction with the effec-
tiveness of the treatment. Ultimately, 27 patients in the 
AA group and 26 patients in the PA group completed all 
follow-ups (Fig. 1). Moreover, there was no significant 
difference between the 2 groups in any of the baseline 
assessments, including the VAS pain score, Constant 
score and joint ROM (abduction, flexion, external rota-
tion and internal rotation) (p ≥ 0.05) (Table II).

Pain
The results showed improvement in the VAS scores 
in both groups at follow-up after injection compared 
with baseline measurements. There was a significant 
difference between groups (p = 0.000). In addition, the 
VAS scores in the AA group at 4 weeks (3.15 ± 1.06 
vs 4.30 ± 1.84), 8 weeks (2.63 ± 0.85 vs 4.03 ± 1.50) 
and 12 weeks (1.97 ± 1.13 vs 3.13 ± 1.59) were  

Fig. 2. (A, B) Photographs of 
anterior approach and posterior 
approach with the anatomical 
landmark. Black dot: coracoid 
process. Black cross indicates the 
target point of the needle in the 
injection approach.
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significantly lower than those in the PA group (all 
p < 0.05) (Table II).

Functional outcomes
The results showed that the Constant scores after injec-
tion improved in both groups compared with the scores 
recorded in the pretreatment period. A significant dif-
ference was also noted between groups (p = 0.000). The 
Constant scores in the AA group were significantly 
higher at 4 weeks (65.67 ± 9.67 vs 56.13 ± 9.93) and 
8 weeks (72.1 ± 9.9 vs 65.9 ± 10.3) (p < 0.001 and 
p = 0.02, respectively) (Table II).

Range of motion
All ROM parameters increased over time, and the 
pre-treatment-to-post-treatment improvement in ROM 

was statistically significant in both groups. Between-
group improvement was also significant (all p < 0.01). 
In addition, external rotation function in the AA group 
was significantly better than that in the PA group at 
4 weeks (51.1 ± 14.7 vs 43.5 ± 10.0, p = 0.02). There 
was no significant difference in flexion, abduction or 
internal rotation function between the 2 groups at any 
follow-up time-point (Table II).

Complications
One patient in the AA group was sweating and became 
flustered during the injection process, but recovered 
after the injection was stopped. These effects were 
considered to be caused by needle syncope. No other 
complications were observed in either group.

DISCUSSION

To the best of our knowledge, this is the first prospec-
tive RCT to compare anterior and posterior injections 
of corticosteroids in patients with PFS. The study 
showed that glenohumeral joint corticosteroid injection 
from both the AA and PA can remarkably relieve the 
symptoms of patients with PFS. However, compared 
with the PA, the AA reduced the VAS score more 
effectively, and this advantage lasted for 3 months. 
Furthermore, the Constant score in the AA group 
recovered to the maximum more quickly. In addition, 
recovery of external rotation in the AA group was ac-
hieved more rapidly and with greater effect. The AA 
injection group showed better clinical efficacy based on 
safety guarantees. These results enrich the rationale for 

Table II. Clinical outcomes at different follow-up time-points between groups

Outcomes Initial 4 weeks 8 weeks 12 weeks
Between-group (repeated 

measures analysis of variance)

Pain VAS
 AA Group 7.23 ± 1.28 3.15 ± 1.06 2.63 ± 0.85 1.97 ± 1.13 0.000
 PA Group 7.10 ± 1.30 4.30 ± 1.84 4.03 ± 1.50 3.13 ± 1.59
 p-value 0.005 <0.001 0.002
Constant
 AA Group 41.6 ± 11.0 65.67 ± 9.67 72.1 ± 9.9 78.3 ± 9.4 0.000
 PA Group 42.6 ± 11.9 56.13 ± 9.93 65.9 ± 10.3 74.1 ± 10.0
 p-value <0.001 0.02 0.10
Flexion (0–180°)
 AA Group 90.1 ± 20.7 109.8 ± 19.6 124.7 ± 18.0 144.0 ± 15.5 0.004
 PA Group 88.3 ± 23.6 111.7 ± 22.6 122.9 ± 22.5 141.8 ± 16.2
 p-value 0.72 0.73 0.59
Abduction (0–180°)
 AA Group 78.1 ± 16.3 94.6 ± 15.8 102.0 ± 13.9 115.1 ± 14.8 0.003
 PA Group 80.1 ± 19.2 92.1 ± 16.1 101.6 ± 15.9 113.3 ± 14.3
 p-value 0.54 0.93 0.63
Internal rotation (0–90°)
 AA Group 22.1 ± 11.9 51.4 ± 9.7 57.5 ± 9.8 64.3 ± 9.5 0.000
 PA Group 24.7 ± 12.4 48.4 ± 10.6 54.6 ± 10.8 61.7 ± 10.3
 p-value 0.25 0.29 0.31
External rotation (0–90°)
 AA Group 23.0 ± 9.6 51.1 ± 14.7 56.4 ± 11.2 63.1 ± 11.4 0.000
 PA Group 24.3 ± 10.0 43.5 ± 10.0 51.5 ± 9.1 59.3 ± 8.6
 p-value 0.023 0.07 0.14

AA: anterior approach; PA: posterior approach; VAS: visual analogue scale; ASES: American Shoulder and Elbow Surgeons.

Table I. Baseline clinical and demographic characteristics of the 
participants

Date AA group PA group

Age, years, mean ± SD 54.5 ± 5.7 55.3 ± 3.9
Height, cm, mean ± SD 161.5 ± 6.4 161.0 ± 7.1
Weight, kg, mean ± SD 62.0 ± 6.6 63.3 ± 6.3
BMI, kg/m2, mean ± SD 23.8 ± 2.5 24.5 ± 2.5
Female/male, n 23/7 20/10
Duration, months, mean ± SD 4.4 ± 1.3 4.3 ± 1.5
Dominant/non-dominant, n 19/11 18/12
Diabetes, n 5/30 4/30
Pain VAS, mean ± SD 7.23 ± 1.28 7.10 ± 1.30
Constant, mean ± SD 41.6 ± 11.0 42.6 ± 11.9
Flexion (0–180°), mean ± SD 90.1 ± 20.7 88.3 ± 23.6
Abduction (0–180°), mean ± SD 78.1 ± 16.3 80.1 ± 19.2
Internal rotation (0–90°), mean ± SD 22.1 ± 11.9 24.7 ± 12.4
External rotation (0–90°), mean ± SD 23.0 ± 9.6 24.3 ± 10.0

AA: anterior approach; PA: posterior approach; SD: standard deviation; 
BMI: body mass index; VAS: visual analogue scale.
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a strategy of early non-surgical treatment for PFS and 
promote the development and popularization of non-
ultrasound-guided shoulder intraarticular injections.

The pathophysiology of PFS is initial inflammation, 
especially around the joint capsule, coracohumeral 
ligament (CHL) and rotator interval (RI), followed by 
adhesion and fibrosis of the synovium (18). Conside-
ring the unique progression of PFS and the anti-inflam-
matory effects of corticosteroids, early glenohumeral 
joint corticosteroid injection has been proven to have 
an outstanding effect on relieving symptoms (19, 20).

Although many studies have emerged in recent years 
on corticosteroid injection in the glenohumeral joint 
for PFS (14, 21, 22), the injection approaches descri-
bed by current reports are not consistent or described 
in detail, which is not conducive for their use to be 
repeated by clinicians. Ultrasound-guided injections 
are widely used in patients with shoulder conditions to 
improve accuracy (14, 23). However, an RCT in 2021 
(14) revealed that there was no significant difference in 
the clinical outcome between the anatomical landmark 
group and the ultrasound-guided group. Combined with 
the cost of time and money due to ultrasound-guided 
injection, it remains controversial whether ultrasound-
guided technology is worth recommending (24, 25). 
The current study used a modified AA for injection 
without ultrasound guidance, which has been proven 
to have the same accuracy for the glenohumeral joint 
as the standard PA (13). Using the acromioclavicular 
joint as a reference, this approach can accurately and 
quickly complete the injection process.

The AA and PA are common blind injection routes 
and have been researched in recent years to explore 
a relatively better route (9). Esenyel et al. (26) found 
that high accuracy can be obtained without ultrasound-
guided injection for glenohumeral joint injection. In 
a cadaver study, researchers (27) confirmed that the 
accuracy of anterior injection into the glenohumeral 
joint was low (only 26.8%) and most of the liquid 
was injected into the deltoid muscle. However, Sethi 
et al. (28) showed through cadaveric research that 
the accuracy of the AA is higher than that of the PA. 
During shoulder arthroscopic surgery, Kraeutler et al. 
(29) verified that the accuracy of the AA was as high 
as 93.3%. Due to above controversy, there are still few 
studies on the difference in clinical efficacy between 
the AA and PA. Therefore, the aim of the current RCT 
was to provide a theoretical basis for this dispute.

Our conclusions agree with those of Elnady et al. 
(12), identifying the AA as the better choice. More 
importantly, it is worth noting that, even though the PA 
has a higher accuracy (27), it may not be necessary for 
better clinical efficacy. Hall et al. (30) have shown that, 
even after successful extraction of synovial fluid from 
the glenohumeral joint, nearly half of the injections 

were injected outside the joint, but it was unexpected 
that patients with extra-articular injection experienced 
similar treatment effects as intra-articular injection. 
Based on the current clinical study and another study, 
accurate placement of the injection needle in the gle-
nohumeral joint may not be a prerequisite for enhanced 
clinical results (14). Ogul et al. (31) demonstrated that 
more contrast medium leakage was found when the 
injection was performed through the AA near the RI. 
Our injection approach was similar to that in this study, 
and we presumed that the AA could cause corticosteroid 
leakage in the RI. The RI is an important lesion site in 
PFS (32). At the time of injection, regarding both the 
leakage of the mixed drug in the RI and the penetration 
of the mixed drug from the anterior joint capsule to the 
RI, the AA was obviously better. Therefore, the AA can 
yield better clinical results in terms of the VAS and fun-
ctional outcomes. Meanwhile, regarding the difference 
between the results of VAS and ROM in the AA group, 
we believe that it is also related to the RI. The CHL, 
the main structure in the RI, plays an important role in 
the external rotation of the shoulder joint (33). Thick-
ening of the CHL, as one of the lesions in the frozen 
shoulder, restricts movement of the shoulder joint in 
all directions, especially internal rotation. Hence, the 
limitation of external rotation is also a characteristic 
sign of PFS (34). Although steroid dispersion into 
the joint cavity resulted in a similar improvement in 
the flexion, abduction, and internal rotation for both 
groups, the recovery in external rotation was better 
in the AA group. With reproducibility and advantages 
in clinical results, the use of glenohumeral injections 
by anterior approach with an anatomical landmark in 
clinical practice should be considered. However, it is 
worth noting that the experience of the operator is also 
an important condition that cannot be ignored in the 
injection process.

However, some potential deficiencies warrant discus-
sion. First, there was no control group that received a 
placebo injection. A control group would increase the 
credibility of the trial. Secondly, 1 patient in the AA 
group became flustered and started sweating during 
the injection process, but recovered after the injec-
tion was stopped. Although there was no significant 
difference between the 2 groups, it was necessary to 
explain the process to patients before injection to avoid 
fear of the needle. Thirdly, due to the lack of minimal 
clinically important differences in ROM, it is unclear 
whether there were clinical differences even though 
there were significant differences in early follow-up 
results between the 2 groups. Thus, more multicentre 
prospective large-sample trials are needed in the future 
to assess the validity and accuracy of these findings. 
However, the sample size of 60 patients (30 in the 
AA group and 30 in the PA group) satisfied the power 
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analysis, rendering the results reliable. Moreover, all 
operations were performed by experienced clinicians 
to ensure accurate results.

CONCLUSION

The current study revealed that the VAS scores in the 
AA group were lower than those in the PA group at 4, 
8 and 12 weeks (all p < 0.05), and the external rotation 
ROM in the AA group was significantly better than that 
in the PA group at 4 weeks (p = 0.02). Glenohumeral 
joint corticosteroid injection using the AA based on 
anatomical landmarks has the advantages of a conve-
nient operation, short injection time and better effect 
and is worth popularizing in clinical practice.
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