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ABSTRACT

Objective: Frozen shoulder, a condition characterized by the limitation of active and passive shoulder movements, is predominantly man-
aged conservatively. Corticosteroid injection stands as a widely utilized and effective method for treatment. Nevertheless, the optimal 
approach for administering the injection remains a subject of controversy. We hypothesized that the injection of corticosteroid through 
anterior into the extra-articular area would yield superior results than the posterior intra-articular injection.

Methods: This prospective, randomized, single-blind, and single-center clinical study aimed to compare the therapeutic effectiveness 
of ultrasound (USG)-guided injection techniques in patients with primary frozen shoulder. We continued the study with 54 patients 
who met the inclusion criteria. We evaluated patients pre-injection and at the first, third, and sixth weeks after injection. Two distinct 
approaches were employed: (1) Injection through the anterior extra-articular area around the coracohumeral ligament (CHL), and (2) 
injection through the posterior route into the glenohumeral joint. Evaluation parameters, including Visual Analog Scale (VAS) scores, 
active range of motion (ROM), American Shoulder and Elbow Surgeons (ASES) scores, and Quick Disabilities of the Arm, Shoulder, and 
Hand (QuickDASH) scores, were assessed pre-injection and at the first, third, and sixth weeks post injection.

Results: No significant differences in the demographic and clinical characteristics, laboratory, or radiological findings were observed 
between the groups. It was observed that both groups exhibited similar and significant improvement in all measured parameters within 
their respective groups. Regarding pain scores, a notable decrease in VAS scores was observed in both groups (P = .000). There was no 
difference between the groups in terms of pre-injection VAS, QuickDASH, and ASES scores and active ROM measurements.

Conclusion: The study concluded that there was no significant difference between ultrasound-guided injection of posterior intra-articular 
injection and anterior extra-articular injection concerning pain, ROM, and functional scores. Both techniques can be considered as viable 
options in the early stage of the disease.

Level of Evidence: Level I, Therapeutic study.

Introduction

Frozen Shoulder (FS) is a condition impacting 2%-5% 
of the population, leading to limitations in both active 
and passive shoulder movements, accompanied by 
shoulder pain.1,2 While it predominantly undergoes 
spontaneous healing through stages of freezing, fro-
zen, and thawing, persistent movement restrictions 
and pain may endure for an extended period.1,3,4 The 
freezing phase, lasting approximately 2-9 months, is 
characterized by a primary concern of pain, prompt-
ing patients to seek medical assistance.

Conservative treatments play a pivotal role in manag-
ing FS, with surgical intervention being considered 
for patients unresponsive to conservative approaches 
and experiencing symptoms for more than 9 months.4 
Conservative modalities such as oral non-steroidal 
anti-inflammatory drugs (NSAIDS) or steroids, 
physical therapy and exercises, corticosteroid (CS) 
injections, hydrodilatation treatments, or a supra-
scapular nerve block may be favored. CS injections 

are recognized for their superior effectiveness com-
pared to oral steroids in alleviating pain and enhanc-
ing functionality.4 Despite providing a short-term 
benefit of approximately 6 weeks, CS injections are 
frequently preferred in the treatment of FS.4,5

The selection of the injection site remains a subject 
of contention among patients with FS. Various sites, 
including intra-articular, rotator interval, coracohu-
meral ligament (CHL), long head of biceps tendon, 
subacromial area, or supraclavicular nerve, have been 
discussed in the literature, with reported success 
following isolated or combined injections into these 
regions.6-8 However, radiologically and histologically, 
it is established that the precise pathology lies in the 
anterior-superior space of the glenohumeral joint, 
encompassing the coracohumeral ligament.9 Fibrosis, 
hyalinization, and fibroid degeneration occur in 
the coracohumeral ligament, which is implicated in 
restricting the external rotation of the glenohumeral 
joint.10 Additionally, concurrent thickening and 
tightening of the joint capsule have been observed.11 
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Although comparative studies exist in the literature regarding 
whether the injection should be administered from the anterior into 
the extra-articular area where the CHL is situated or directly into the 
intra-articular area by targeting the entire capsule, the superiority 
of one injection site over the other remains a matter of controversy.

This study evaluating the short-term effect of CS injection with short 
intervals and without the little effect of post-injection physical ther-
apy would be valuable in clarifying this issue. Therefore, we aimed 
to compare the effect of ultrasound-guided posterior injection of CS 
into the intraarticular area, and anterior injection into the extra-
articular area on pain, ROM, and functional scores. We hypothesized 
that the anterior extra-articular injection of CS would yield superior 
results than the posterior intra-articular injection.

Material and methods

This study was approved by the Dr. Lutfi Kirdar Kartal City 
Hospital Ethics Committee on 13.10.2021, with approval number 
2021/514/211/3. Informed consent was obtained from all partici-
pants in the study. This study was registered on clinicaltrial.org 
(Registration number is NCT05668286). We also used Consort guide-
line form.

This prospective, randomized, single-blind, and single-center clinical 
study compared the therapeutic efficacy of ultrasound (USG)-guided 
injection techniques in patients with primary FS: (1) Anterior injec-
tion into the extraarticular area around the CHL, (2) posterior injec-
tion into the glenohumeral joint.

The study included the following patients: i) People aged 18-65. ii) 
Participants should exhibit symptoms during the freezing phase 
of the disease (shoulder pain and a loss of ROM exceeding 20%).12 
iii) The duration of complaints should be less than 9 months from 
the onset and should not show signs of regression. iv) Participants 
are required to attend weekly controls regularly. v) All participants 
must have routine true shoulder anteroposterior (AP) plain radiog-
raphy and magnetic resonance imaging (MRI). vi) Inclusion requires 
the presence of anterior extracapsular edema on T2-weighted MRI 
images and the absence of tears in the rotator cuff tendons. viii) All 
participants must have thyroid function and HbA1c tests before 
treatment.

The study excluded the following patients: i) Participants displaying 
signs of glenohumeral arthritis on direct radiography. ii) Participants 
with a history of shoulder fractures or surgery. iii) Participants with 
systemic diseases such as thyroid disorders, poorly controlled dia-
betes mellitus (DM) (HbA1c > 9%),13,14 or rheumatoid disorders. iv) 
Participants with neurological sequelae (e.g., cervical discopathy). v) 

Participants who have previously undergone shoulder injection or 
physical therapy.

Injection technique
All injections were performed by the same radiologist (S.Ş.E). 1 
mL of triamcinolone acetonide (20 mg/mL) and 1 mL of prilocaine 
(2%) were mixed to form a 2 mL drug combination for all injec-
tions. Injections were performed in an upright sitting position, 
with shoulders in neutral rotation. During all injections, USG guid-
ance was used (2D Esaote Mylab 9 Ultrasound, with a 3–11 MHz 
linear array probe). In the anterior extra-articular group, the lin-
ear ultrasonic probe was held horizontally and placed anterior to 
the shoulder joint to detect the rotator interval. Then, the injection 
was performed towards the area between the CHL and the biceps 
tendon, taking care not to enter the glenohumeral joint. (Figure 1) 
In the posterior intra-articular group, the linear ultrasonic probe 
was held horizontally and placed over the posterior aspect of the 
shoulder to detect the glenohumeral joint space. The injection was 
performed towards the gap between the humeral head and glenoid 
rim (Figure 2).

Figure 1. A transverse ultrasound image of the normal rotator interval 
corticosteroid injection using anterior approach. The CHL(short arrow) lies superior 
to the biceps tendon and forming the roof of the interval. Supraspinatus muscle (SS) 
lies laterally and subscapularis muscle (SUB) lies medially. Long arrow indicates the 
target point of the needle tip.

Figure 2. A transverse ultrasound image of glenohumeral joint corticosteroid 
injection using posterior approach. The humeral head and glenoid are seen 
posteriorly. The needle track extends medial to lateral with the tip (arrow) at the 
humeral head, deep to the infraspinatus tendon.

H  I  G  H  L  I  G  H  T  S

• Corticosteroid injections are commonly used to treat frozen shoulder. This 
study aimed to compare the effects of ultrasound-guided posterior intra-artic-
ular injections with anterior extra-articular injections.

• The results showed that both groups showed similar significant improvements 
in all measured parameters, including pain scores (VAS), with no differences 
in pre-injection VAS, QuickDASH, ASES scores, or active ROM measure-
ments between the groups.

• The results suggest no significant difference between ultrasound-guided poste-
rior intra-articular and anterior extra-articular injections for pain, ROM, and 
functional scores, indicating both are viable early-stage treatment options.
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Outcome measurement
This was implemented as a single-blind study. Accordingly, a patient 
diagnosed by a single orthopedic doctor and confirmed by a second 
orthopedic doctor was referred to a third orthopedic doctor with 
a file specifying age, gender, duration of symptoms, concomitant 
diabetes mellitus (DM), and clinical stage of the disease (freezing 
or frozen). At each patient entry, the distribution and means were 
calculated for each group based on the specified characteristics to 
ensure no differences between the groups, and patients were inclu-
sively assigned to 1 group in a blinded manner for the first 2 ortho-
pedic doctors. The third orthopedic doctor conducted the study 
in a blinded manner with respect to other characteristics and the 
examination. Following the injection administered by the radiologist 
according to the assigned group, the first 2 orthopedic doctors per-
formed follow-ups and examinations in a blinded manner regarding 
the injection site.

Pre-injection and at the first, third, and sixth weeks after the injec-
tion, both the pain score (VAS) was questioned (by asking the patient 
to rate their pain on a scale of 1 to 10). The active range of motion 
was measured with a goniometer (for forward flexion, abduction, 
and external rotation) and hand-behind-back method (for internal 
rotation in adduction). ASES and QuickDASH scores were also com-
pared before the injection and at the sixth week after the injection.

In patients with FS prolonged physical therapy or home exercise 
programs are often implemented post-injection. Standardizing these 
programs proves challenging due to factors such as the patient’s com-
pliance with the program, which can introduce bias based on the 
quality of the physiotherapist. Therefore, in an attempt to mitigate this 
bias, we conducted clinical assessments early in the process without 
implementing rehabilitation, aiming to assess the patient’s responsive-
ness before the potential influence of a specific rehabilitation regimen.

Statistical analysis
The sample size power analysis was conducted with reference to a prior 
study by Koraman et al7.The sample size determination was grounded 
on the following parameters for the VAS pain score: power of 0.80 and 
α-error of 0.05. The analysis results indicated that a sample size of 28 
for each group would be sufficient to detect the anticipated difference.

In this study, stratified sampling was used to arrive at the patient 
groups. The patient group was divided into subgroups with respect to 
age, gender, duration of symptoms, presence of concomitant diabetes 
mellitus (DM), and clinical stage of the disease (freezing or frozen). 
Simple probability sampling was used as part of stratified sampling. 
Proportionate stratified sampling was used, where each stratum has 
the same sampling fraction. This was to ensure that the sample size 
drawn from each stratum is proportional to the relative size of the 
related stratum in the target population. For the priori sample size 
calculations, statistical hypothesis testing was used. In this respect, 
type I and type II errors were evaluated. Moreover, simple sample 
size formula was used for values of α = 0.05 and power = 0.80 (β = 0.20, 
therefore 1 − β = 0.8).

Statistical Analysis SPSS software version 25.0 (IBM SPSS Corp.; 
Armonk, NY, USA) was used for all analyses. Differences between 
groups for nominal values were compared using the chi-square and 
Fischer tests (in cases where the values observed in the cells did not 
meet the chi-square test assumptions). After evaluating the normal 
distribution for numerical values, the Mann–Whitney U-test was used 
for non-normally distributed data, and the Student t-test was used for 

normally distributed data. In order to evaluate the relationship of 
dependent variables with time in groups, repeated measures analysis 
of variance was used when the parametric test assumptions were met, 
and the Friedman test was used when they were not. The MANOVA 
test was used to compare the time difference for dependent variables 
between the 2 groups. In the context of multiple group comparisons, 
a Bonferroni correction was applied in subgroup analysis. The total 
type 1 error level was determined as 5% for statistical significance.

Results

Among the 61 patients meeting the inclusion criteria, 7 were sub-
sequently excluded from the study. Consequently, the analysis was 
conducted on a cohort of 54 patients (26 in one group and 28 in the 
other), resulting in a follow-up rate of 88%. (Figure 3).

The baseline demographic and clinical characteristics of the patients 
are summarized in Table 1. No significant differences in the demo-
graphic and clinical characteristics, laboratory, or radiological find-
ings were observed between the groups.

When participants were assessed throughout the 6-week follow-
up period, it was observed that both groups exhibited similar and 
significant improvement in all measured parameters within their 
respective groups (Table 2). In the comparison between the groups, 
no notable distinction was identified. The P-values for the VAS score, 
QuickDash, ASES score, external rotation, internal rotation, flexion, 
and abduction were determined as .600, .901, .874, .152, .723, .325, 
and .374, respectively (Table 2 and Figure 4A-C, Figure 5A-D).

In pairwise analyses, a statistically significant difference was found 
in the VAS score between the first, third, and sixth weeks and the pre-
injection period (P = .000). No significant differences were observed 
between the first, third, and sixth weeks (Table 2 and Figure 4A).

In external rotation (ER), no difference was found between the third 
and sixth weeks (P = .251), but statistically significant differences 
were observed between the pre-injection mean and the first, third, 
and sixth weeks, as well as between the first-week mean and the third 
and sixth weeks (ER 0-1, ER 0-3, ER 0-6, ER 1-3, ER 1-6; respective P 
values: .000, .000, .000, .002, .000, and .001) (Table 2 and Figure 5B)

Figure 3. Flowchart diagram of the study population.
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Participants exhibited a statistically significant increase in flex-
ion averages from baseline to the sixth week (F0-1, F0-3, F0-6, F1-3, 
F1-6, F3-6; respective P values: .000, .000, .000, .002, .000, and .001) 
(Table 2 and Figure 5D).

In abduction average, no statistically significant difference was 
observed when transitioning from the first to the third week (P = 

.066), but there was a statistically significant increase over time (P 
value = .000) (Table 2 and Figure 5C).

Table 2. P-VAS, ASES, and QuickDASH scores and range of motion measurements 
evaluated before the injection, and at weekly follow-ups

Anterior usg 
(n = 26)

Mean (SD)

Posterior usg 
(n = 28)

Mean (SD) P P**
Before treatment VAS score 7.30 (1.56) 7.93 (1.58) .154 .600
1-week VAS score 4.19 (2.69) 4.92 (2.58) .291***
3-week VAS score 3.76 (2.43) 4.46 (2.91) .473***
6-week VAS score 3.8 (3.2) 3.75 (2.73) .826***
P* .00
Before treatment Quick-DASH 
score

61.26 (19.33) 63.14 (22.37) .573*** .901

6-week Quick-DASH score 34.46 (25.8) 35.33 (22.52) .703***
P* .00
Before treatment ASES score 31.23 (13.97) 27.15 (14.74) .372*** .874
6-week ASES score 61.69 (26.34 58.81 (22.78) .550***
P* .00
Before treatment external 
rotation (°)

20.76 (10.36) 18.35 (11.27) .391*** .152

1-week external rotation (°) 22.69 (11.42) 25.00 (12.32) .48
3-week external rotation (°) 24.80 (10.72) 28.03 (14.67) .401***
6-week external rotation (°) 26.53 (13.69) 28.03 (13.63) .636***
P* .00
Before treatment flexion (°) 90.38 (21.20) 84.82 (27.63) .916*** .325
1-week flexion (°) 117.11 (34.5) 116.6 (25.31) .951
3-week flexion (°) 120.57 (29.70) 125.35 (28.34) .548
6-week flexion (°) 126.73 (32.15) 135.71 (30.32) .254***
P* .00
Before treatment abduction (°) 90.38 (21.20) 84.82 (27.63) .413 .374
1-week abduction (°) 104.8 (26.58) 99.82 (20.34) .860***
3-week abduction (°) 105.76 (24.56) 105.71 (23.87) .993
6-week abduction (°) 113.46 (24.92) 118.21 (27.86) .528***
P* .00
Before treatment internal 
rotation (°)

2.46 (1.3) 2.21 (1.06) .571*** .723

1-week internal rotation (°) 3 (1.32) 2.6 (0.99) .255***
3-week internal rotation (°) 2.73 (1.07) 2.60 (1.03) .577***
6-week internal rotation (°) 3 (1.13) 2.82 (1.15) .483***
P* .04
*Regarding the time frame.
**Repetitive measurement between groups.
***Mann–Whitney U. Figure 4. Graphic diagrams showing VAS scores (A), ASES scores (B), and 

Quick-DASH scores (C).

Table 1. Demographic and clinical characteristics of the patients

Anterior extra-articular Posterior intra-articular P
Gender, n (%) Female 20 (71.4) 18 (69.2) .86

Male 8 (28.6) 8 (30.8)
Side, n (%) Right 9(32.1) 11 (42.3) .44

Left 19 (67.9) 15 (57.7)
DM, n (%) No 19(67.9) 19 (73.1) .67

Yes 9 (32.1) 7 (26.9)
Rotator cuff tendon, n (%) No pathological finding on MRI 25 (89.3) 19 (73.1) .16

Tendinosis on MRI 3 (10.7) 7 (26.9)
Age (mean ± SD) 52.54 ± 6.7 54.14 ± 8.4 .46***
Complaint period (months), (mean ± SD) 4.19 ± 2.5 5.13 ± 3.6 .41**
HbA1c (mean ± SD) 5.89 ± 0.85 6.33 ± 1.76 .66**
*Fisher exact test.
**Mann-Whitney U-test.
***Student’s t-test.
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A statistically significant difference was found in the internal rota-
tion average between the pre-injection period and the first and sixth 
weeks (IR0-1 and IR0-6; respective P values: .001, .002), while no sig-
nificant differences were found between the pre-injection period and 
the third week, and between the first and sixth weeks (IR0-3, IR1-3, 

IR1-6, IR3-6; respective P values: .035, .377, .375, .019) (Table 2 and 
Figure 5A).

In summary, there were significant differences in all parameters 
within the same group when compared to the pre-injection period. 
However, upon comparing the groups, no significant differences 
were observed in any parameter between them (Table 2). In this case, 
our hypothesis could be rejected.

Discussion

The main finding of this study contradicts our initial hypothesis. 
Both ultrasound-guided anterior extra-articular and posterior 
intra-articular corticosteroid injections exhibited a similar and sig-
nificant improvement in pain, function, and active ROM among 
patients with frozen shoulder during a short 6-week follow-up 
period. Moreover, the peak effect on pain and ROM was predomi-
nantly achieved within the initial week.

CS injection is a widely favored treatment modality for patients with 
FS. Various injection techniques are employed to address FS symp-
toms, effectively mitigating pain and enhancing range of motion 
in the short term (4,5). Long-term follow-up studies have shown no 
discernible difference compared to a placebo.,15,16 Consequently, we 
limited our follow-up period to 6 weeks, solely focusing on measuring 
the efficacy of CS injection while eliminating confounding factors 
such as additional medication or physical therapy.

Chul-Hyun Cho et  al. conducted a prospective, randomized, single-
blind study, comparing corticosteroid (CS) injections guided by ultra-
sound through anterior or posterior approaches.17 They reported 
similar improvements in pain and overall outcomes in both groups, 
with no significant differences noted. It’s worth mentioning that in the 
anterior injection group, CS was administered intraarticularly through 
the rotator interval. In our current study, particular attention was 
given to avoiding penetration of the joint capsule in the anterior extra-
articular group. The congruent outcomes observed in both studies sug-
gest that CS may have diffused around the injection site, potentially 
reaching the joint and capsule, leading to similar clinical outcomes.

Similarly, Prestgaard et  al conducted a double-blind, randomized 
controlled study comparing intra-articular CS injection through the 
posterior approach with combined intra-articular and extra-articular 
(rotator interval) CS injection through the anterior approach.18 They 
also found no significant clinical differences between the 2 groups.

In a study by Sun et al, 3 groups were evaluated, with CS injected into 
the subacromial, rotator interval, and intra-articular regions under 
randomized, controlled, and single-blind conditions.19 They reported 
achieving a faster and more potent effect in pain relief and passive 
range of motion (ROM) after injection in the rotator interval. Notably, 
in all 3 studies, the first follow-up after injection occurred in the third 
or fourth week, and the final follow-up took place in the 12th or 26th 
week. In FS, pain typically diminishes over time, followed by regres-
sion in range of motion and functional limitations. Consequently, a 
12-week follow-up may be considered late for evaluating the efficacy 
of CS in addressing these aspects.

In addition to combined injections, a high-volume (40 mL) mul-
tiside injection is a popular and effective technique, as defined 

Figure 5. Graphic diagrams showing joint internal rotation (A), external rotation 
(B), abduction (C), and flexion (D) measurements at pre-injection and weekly 
follow-ups.
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by Koraman et  al. in the current literature.7 This method involves 
administering CS injection to various points around the shoulder, 
including the glenohumeral joint and posteroinferior capsule, sub-
acromial space, posterosuperior capsule, biceps long head, and 
coracohumeral ligament, termed multiside injection. In their study, 
38 out of 76 patients received multisite injection, while the remain-
ing 38 underwent posterior intra-articular injection. The outcomes 
showed superior results in pain scores, clinical scores, and ROM in 
those who received multisite injection. This favorable outcome may 
be attributed to the administration of a high-volume injection from 
multiple points around the shoulder, facilitating diffusion into vari-
ous tissues such as the capsule and ligaments. Additionally, this situ-
ation may be correlated with the systemic effects of the injections as 
they enter the bloodstream.

In a study by Derya Çelik et al, they reported positive clinical results 
in their assessments following oral corticosteroid use.20 This suggests 
that the transmission of corticosteroids into the systemic circulation 
or diffusion around the injection site, even at lower doses, can poten-
tially impact a broader area than the immediate injection site.

In this investigation, we opted for ultrasound guidance (USG), as in 
similar studies, to ensure precise targeting of the intended injection 
site and prevent application to unintended areas. While the manual 
administration of injections, especially into the joint, is recognized 
to have a notably low success rate, studies have reported that this 
does not significantly impact clinical outcomes. Moreover, the clini-
cal results of manually administered injections and those guided by 
ultrasound were found to be comparable.21Our findings, in alignment 
with existing literature knowledge, shed light on the potential for 
drug diffusion into the surrounding area following the injection and 
its systemic effects by entering the bloodstream. This underscores 
the importance of employing ultrasound guidance to enhance the 
accuracy of injections and minimize the risk of unintended outcomes 
associated with manual administration.

In this prospective study, rigorous randomization was implemented, 
encompassing demographic characteristics, complaint duration, 
comorbidities, non-initiation of physiotherapy, and pre-injection 
clinic conditions. All injections were administered by the same phy-
sician in a singular center under the guidance of ultrasound. While 
acknowledging that the long-term impact of corticosteroid (CS) injec-
tion does not deviate from that of a placebo, we recognize the short 
follow-up period as a limitation. Additionally, the absence of a pla-
cebo injection and the relatively small sample size are acknowledged 
as limitations. Future studies could address these limitations through 
double-blind designs with larger sample sizes.

In the treatment of FS, CS injection is an effective treatment method, 
especially in the early period, but the method of injection is a con-
troversial issue. There was no difference between ultrasound-guided 
injection of CS through posterior into the intra-articular area, and 
through anterior into the extra-articular area on pain, range of 
motion (ROM) and functional scores. Both techniques can be pre-
ferred in the early stage of the disease.
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