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Abstract
Background

This study aims to compare the efficacy of ultrasound (US)-guided subacromial bursa steroid injection
(SABSI), suprascapular nerve block (SSNB), and combined injection therapy (SABSI + SSNB) on pain and
shoulder function in patients with subacromial impingement syndrome who either did not respond to
physical medicine and rehabilitation (PM&R) or reported being unable to attend the PM&R unit regularly.

Methodology

In this prospective, comparative cohort study, patients were randomly assigned using the envelope method
to ensure an unbiased distribution. In total, 95 patients with subacromial impingement syndrome were
divided into three groups according to the injection technique applied. All injections were applied to Group 1
(SABSI), Group 2 (SSNB), and Group 3 (SABSI + SSNB) under US guidance. Pain and shoulder function levels
of the groups before and after treatment at one month and three months were evaluated using the Visual
Analog Scale (VAS) and the Disabilities of the Arm, Shoulder and Hand (DASH) scale, respectively. For
statistical analysis, the Shapiro-Wilk test was used to assess the normality of continuous data. One-way
analysis of variance with Bonferroni correction was applied for normally distributed variables, while the
Kruskal-Wallis test was used for non-normally distributed data. Pearson’s chi-square test was performed to
compare categorical variables.

Results

Between pre-treatment and one month post-treatment, there were statistically significant differences in the
percentage change of VAS rest, VAS activity, and DASH scores among the groups (p = 0.004, <0.001, and
<0.001, respectively). These significant differences persisted over the period from pre-treatment to three
months post-treatment, with all p-values being <0.002. Throughout both assessment intervals, Groups 1 and
2 displayed statistically similar percentage changes across all parameters; however, these changes were
significantly lower than those observed in Group 3. Patients unable to attend PM&R units displayed a longer
symptom duration compared to patients who were non-responders to PM&R (p = 0.015). The distribution of
these three injection techniques across the two groups was similar (p = 0.831), and both groups showed
similar responses to US-guided injections in terms of pain and functionality (all p > 0.05).

Conclusions

US-guided SABSI combined with SSNB in patients with shoulder impingement was found to be superior
compared to their sole applications in terms of improvement in shoulder pain and function. These findings
suggest that the combined approach is a promising alternative for managing shoulder impingement
syndrome, particularly in patients facing barriers to PM&R access.

Categories: Pain Management, Physical Medicine & Rehabilitation, Orthopedics
Keywords: physical therapy barriers, rotator cuff tendinopathy, shoulder impingement syndrome, subacromial bursa
steroid injection, subacromial impingement syndrome, suprascapular nerve block, ultrasound guided

Introduction

Shoulder impingement syndrome is a condition characterized by shoulder pain and functional limitation
resulting from the compression of the tendons of the rotator cuff, the long head of the biceps, and the
subacromial bursa under the coracoacromial arch. Inflammation and degeneration of the tendons,
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inflammation of the bursa, rotator cuff weakness, posterior capsule tension of the shoulder, dysfunction of
the scapula, and abnormalities of bone structure and soft tissue that narrow the subacromial space can cause
shoulder impingement syndrome, alone or in combination [1].

Immobilization, cold, exercise, heat, electrotherapy, kinesio taping, manual therapy, acupuncture, elastic
therapeutic tape, non-steroidal anti-inflammatory drugs (NSAIDs), cortisone injections, and surgery are
used in the treatment of shoulder impingement syndrome [2]. Subacromial bursa steroid injections (SABSIs)
are one of the most widely preferred treatments for rotator cuff syndrome, especially long-acting
corticosteroids, such as triamcinolone acetonide. Corticosteroids have anti-inflammatory and pain-relieving
properties [3].

Another effective option for the treatment of shoulder pain is suprascapular nerve block (SSNB). Roughly
70% of the sensory input transmission from the shoulder joint to the upper centers is attributed to the
suprascapular nerve. SSNB reduces the sensation of pain through various mechanisms, such as the reduction
of peripheral nociceptive inputs, peripheral and central sensitization, and substance P levels [4].

In a landmark (LM)-guided injection technique, it is difficult to ensure how deep the needle is. In addition,
the accuracy of LM-guided injections is low, especially in obese patients who do not have a clear anatomical
reference point. The LM-guided injection may result in an injury of the joint cartilage or rotator cuff tendon,
and the associated rotator cuff rupture may develop in the long term. Ultrasound (US)-guided SABSI is
becoming more common due to its advantages such as being inexpensive, fast, radiation-free, and the ability
to visualize the needle during the injection procedure [5]. Furthermore, the role of US guidance in
minimizing the risk of pneumothorax during SSNB is significant and should not be overlooked [6].

We hypothesize that a combination of SABSI and SSNB under ultrasound guidance will provide superior pain
relief and functional improvement compared to either technique alone in the treatment of rotator cuff
tendinopathy. To our knowledge, this is the first study to comprehensively compare these three modalities
within a single framework. This study addresses an important clinical issue by being the first to investigate
treatment options for patients with rotator cuff syndrome who face barriers to accessing physical medicine
and rehabilitation (PM&R) services and fills a critical gap in the literature regarding alternative treatments
for these patients.

Materials And Methods
Study design and participants

This prospective, randomized, comparative cohort study was conducted at the PM&R Clinic of Hatay
Training and Research Hospital from November 2021 to October 2022. A total of 97 patients, aged between
20 and 70 years, who applied to the outpatient clinic and were diagnosed with shoulder impingement
syndrome, were included in the study. The sample size determination was based on a previous study by
Yilmaz [4]. This study used power analysis (power = 0.80, a = 0.05, g = 0.20) and found that 12 patients per
group were sufficient to detect differences in Visual Analog Scale (VAS) scores [4]. Due to similarities in
study design and scales, a comparable estimate was deemed appropriate, and the groups were set to include
at least 30 patients each. The study was conducted in accordance with the principles outlined in the
Declaration of Helsinki. Ethical approval for the research was granted by Hatay Mustafa Kemal University,
with decision number 21 and protocol code 2021/54. Informed consent was obtained from all participants
before their inclusion in the study.

Inclusion criteria

Patients with at least one positive physical examination test (painful arc, Hawkins, or Neer test) and
evidence of inflammation in the rotator cuff tendons or subacromial bursa on magnetic resonance imaging
were selected for the study. All patients included in the study were initially managed conservatively with
muscle relaxants, NSAIDs, and a home exercise program. Patients who did not respond adequately to this
initial conservative treatment, and additionally either did not respond to PM&R or stated that they could
not attend the PM&R unit regularly, were included in the study.

Exclusion criteria

Rotator cuff tears (either partial or full thickness), severe glenohumeral joint osteoarthritis [7], adhesive
capsulitis, a history of shoulder operation, a history of fracture in the upper extremity, presence of
inflammatory rheumatologic disease, pregnancy, malignancy, infection, a history of shoulder injection, and
use of anticoagulant drugs were the exclusion criteria for the study.

Randomization and formation of groups

The patients were randomly divided into three groups using a random envelope method to ensure an
unbiased distribution: Group 1 (SABSI), Group 2 (SSNB), and Group 3 (SABSI + SSNB). Injections were
administered to each group under US guidance by an experienced specialist (AU). All three groups were
prescribed a shoulder-specific home exercise program, which included pendulum exercises, posterior
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capsule stretching exercises, passive and active-assisted range of motion exercises, and isometric
strengthening exercises targeting the rotator cuff muscles, performed in three sets of 10 repetitions a day for
three weeks (Figure ).

Participants with shoulder impingement

Randomized (n=97)

Pretreatment Group 1 Group 2 Group 3
(scr (SSNB) (SCI+SSNB)
n=33 n=32 n=32

N N  m

o > o

Shoulder-specific home exercise program (30 min/d for three weeks)

Asked to avoid overhead activities

1 ] 1

Group 1 Group 2 Group 3
Follow up
ot (SCI) (SSNB) (SCI+SSNB)
I" month
n=33 n=32 n=32
Lost to follow up Lost to follow up
n=1 n=1
Follow up Group | Group 2 Group 3
3" month (SCn (SSNB) (SCI+SSNB)
n=32 n=32 n=31
VAS/DASH scores: pre-treatment, Ist & 3rd month follow-up

FIGURE 1: Flowchart of the study.

SCI: subacromial corticosteroid injection; SSNB: suprascapular nerve block; VAS: Visual Analog Score;
DASH: Disabilities of the Arm, Shoulder and Hand

Injection techniques and treatment protocols

The Clarius L7 HD wireless US device was used until May 2022. From this date onwards, the Clarius L7 HD3
wireless US device was used throughout the study.

SABSI Procedure

SABSI was performed with the patient in a sitting position using a lateral approach under US guidance. After
detecting the subacromial bursa on the lateral side of the shoulder, it was reached by passing the skin,
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subcutaneous fat tissue, and deltoid muscle under sterile conditions by monitoring the needle tip with US [8].
Subsequently, 1 mL of 20 mg triamcinolone hexacetonide, 1 mL of 2% lidocaine, and 3 mL of saline (SF)
mixture were injected with a 22-gauge needle tip (Figure 2). A systematic review and meta-analysis
published in 2017 assessed the use of corticosteroid and anesthetic agents in subacromial injections for
treating impingement syndrome. The majority of the studies included in the review utilized triamcinolone
combined with lidocaine for these injections. The analysis compared injection volumes, using 5 mL as the
threshold, and found no significant difference in therapeutic efficacy between high-volume (>5 mL) and
low-volume (<5 mL) injections and indicated that there was no significant difference in the efficacy between
the two different doses (20 and 40 mg) of corticosteroid injections. Based on these results, a total injection
volume of 5 mL was preferred, with triamcinolone (20 mg) and lidocaine being the agents of choice for the
study [9]. Thus, the present study was planned based on this information.

FIGURE 2: Step-by-step ultrasound images of the subacromial bursa
filling with injection material during SABSI.

(A) The area before SABSI. (B) The area during early SABSI. (C) The area during late SABSI. (D) The needle tip
represented by a triangular arrowhead, indicating the final position within the bursa. The dashed arrow indicates
the needle direction, the white lines represent the humeral head cortex, the dark blue line shows the subacromial
bursa, and the light blue area illustrates the spread of the injection material within the bursa.

SABSI: subacromial bursa steroid injection; SCT: subcutaneous tissue; DM: deltoid muscle; Ac: acromion bone;
SSM: supraspinatus muscle; GT: greater trochanter; HH: humeral head

SSNB Procedure

SSNB was performed using a posterior approach with the patient in a seated position [10]. After the
suprascapular notch and overlying transverse scapular ligament were found, under sterile conditions, the
skin, subcutaneous tissue, trapezius and supraspinatus muscles, and, finally, the transverse scapular
ligament were passed using a 22-gauge needle under US guidance with an in-plain technique. During the
procedure, care was taken to avoid injuring the suprascapular artery and nerve, which lie beneath the
transverse scapular ligament within the suprascapular notch. Then, a mixture of 1 mL (20 mg) triamcinolone
hexacetonide and 5 mL 2% lidocaine was injected into the suprascapular notch, beneath the transverse
scapular ligament, and next to the suprascapular nerve. Thus, the suprascapular nerve located there was
blocked [10] (Figure 3). Although the literature is inconclusive, SSNB for chronic shoulder pain is often
performed using a combination of local anesthetics and steroids to prolong the block’s effects. In this study,
lidocaine, a commonly used local anesthetic, was administered in combination with triamcinolone. The
doses employed in this research were consistent with the dosage ranges reported in the existing literature
[11]. According to studies in the literature, the volume of injectate for SSNB typically ranges between 2 and
10 mL [11]. In one study, different volumes were used for each shoulder: 10 mL for the right shoulder and 5
mL for the left. The findings suggested that 5 mL was sufficient to fill the lateral half of the supraspinatus
fossa and effectively block the suprascapular nerve located in that area [12]. Therefore, the present study
was designed based on these findings.
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FIGURE 3: Step-by-step ultrasound images of the suprascapular notch
filling with injection material during SSNB.

(A) The area before injection. (B) The are during early injection. (C) The are during late injection. The dashed
arrow represents the needle and its direction. The white lines at the bottom represent the cortex of the scapular
bone, and the brown line represents the transverse scapular ligament. The dark blue area indicates the
suprascapular notch, the yellow ellipse represents the suprascapular nerve, the red circle represents the
suprascapular artery, and the light blue area shows the spread of the injection material within the notch and then
into the fossa.

SSNB: suprascapular nerve block; SCT: subcutaneous tissue; TM: trapezius muscle; SSM: supraspinatus muscle

Outcome measures and evaluation times

The gender, age, body mass index (BMI), symptom duration, dominant arm, affected arm, and the reasons
for inclusion such as non-responders to PM&R or an inability to attend the PM&R unit were recorded for all
individuals participating in this study. Pain intensity was evaluated using VAS, and shoulder disability level
was assessed using the Disabilities of the Arm, Shoulder and Hand (DASH) scale. The validity and reliability
of these measures have been established by Boonstra et al. [13] and Beaton et al. [14], respectively. All three
groups were evaluated in terms of the above parameters (VAS rest, VAS activity, and DASH) before the
treatment, the first month after the treatment, and the third month after the treatment (Figure 7). Thus, the
effects of these treatments on the level of pain and shoulder disability were examined.

Statistical analysis

To assess whether continuous data conformed to the assumption of normality, the Shapiro-Wilk test and the
coefficient of variation were applied. Continuous data with normal distribution were presented as arithmetic
mean * standard deviation, and continuous data without normal distribution were presented as median
(minimum-maximum). Categorical variables were expressed as both frequency counts and percentages. The
Pearson’s chi-square Test was conducted to identify statistical differences between groups with respect to
categorical variables. Group differences in continuous variables were analyzed using a one-way analysis of
variance and Bonferroni correction if the assumption of normality was met, and the Kruskal Wallis Test if
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not. For analyses, a significance threshold of p < 0.05 was set. SPSS version 22 (IBM Corp., Armonk, NY, USA)
was used for data analysis.

Results

No statistically significant differences were observed between the groups with respect to gender, age, BMI,
dominant arm, affected arm, and reasons for inclusion of patients at baseline (p > 0.05) (Table 1).

Group 1 (n= Group 2 (n= Group 3 (n = P-
32) 32) 31) value
Female, n (%) 24 (75.0) 23 (71.9) 24 (77.4)
Gender 0.879*
Male, n (%) 8 (25.0) 9 (28.1) 7 (22.6)
Age (mean + SD) 52.84+11.28  54.66+9.78 55.65 + 6.81 0.496**
BMI (kg/m?), mean + SD 28.11£3.43 28.16 £2.55 28.90 £ 2.14 0.457**
Symptom duration (months), mean + SD 8.03 + 3.56 8.74 + 3.26 7.97 +2.89 0.581**
Right, n (%) 28 (87.5) 27 (84.4) 28 (90.3)
Dominant arm 0.777*
Left, n (%) 4(12.5) 5(15.6) 3(9.7)
Right, n (%) 20 (62.5) 20 (62.5) 22 (71.0)
Affected arm 0.719*
Left, n (%) 12 (37.5) 12 (37.5) 9 (29.0)
Non-responders to PM&R, n (%) 10 (31.25) 8 (25) 8(25.8)
Reasons for inclusion of 0.831%
patients ::;/a;lents unable to attend PM&R unit, n 22 (68.75) 24 (75) 23 (74.2) '
(J

TABLE 1: Comparison of demographic and clinical characteristics of the injection groups at
baseline.

*: Pearson’s chi-square test; **: one-way analysis of variance.

n: number; SD: standard deviation; BMI: body mass index; PM&R: physical medicine and rehabilitation

The baseline VAS rest, VAS activity, and DASH scores were statistically similar across the three groups (p >
0.05). At the one-month follow-up, VAS rest scores remained similar between the groups (p = 0.056);
however, by the third-month follow-up, VAS rest scores (p = 0.019), as well as VAS activity and DASH scores
at both one and three months (p < 0.001), demonstrated statistically significant differences between the
groups. In these parameters, Group 3 exhibited lower values compared to Groups 1 and 2, with no statistical
difference observed between Groups 1 and 2 (Table 2).
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VAS rest (baseline), mean + SD

VAS rest (1st month), median (min-max)
VAS rest (3rd month), median (min-max)
VAS activity (baseline), median (min-max)
VAS activity (1st month), median (min-max)
VAS activity (3rd month), median (min-max)
DASH (baseline), mean + SD

DASH (1st month), mean + SD

DASH (3rd month), median (min-max)

TABLE 2: Comparison of VAS and DASH scores of the injection groups.

Group 1 (n =32)
3.69+1.71

1.0 (0.0-4.0)

1.0 (0.0-5.0)?

7.50 (5.0-10.0)
4.0 (0.0-8.0)2

4.0 (0.0-8.0)2

57.53 + 13.46

31.72+ 11.99°

29.17 (4.17-53.33)°

Group 2 (n=32)
3.78+1.88

1.0 (0.0-5.0)

1.0 (0.0-4.0)?

8.0 (5.0-10.0)
4.0 (0.0-7.0)?

4.0 (1.0-7.0)

58.56 + 13.22

34.62 + 10.95°

33.33 (2.50-56.67)

Group 3 (n=31)
3.80+1.72

0.0 (0.0-3.0)

0.0 (0.0-3.0)°

8.0 (5.0-10.0)
2.0 (0.0-4.0)°

2.0 (0.0-5.0)°

61.41 % 15.04
17.83 + 10.73°

19.67 (0.0-48.83)P

P-value

0.961**

0.056*

0.019*

0.787*

<0.001*

<0.001*

0.521**

<0.001**

<0.001*

*: Kruskal-Wallis test; **: one-way analysis of variance; ***: the difference between the means with different lowercase letters in the same line was found

to be statistically significant (p < 0.05).

n: number; SD: standard deviation; min: minimum; max: maximum; VAS: Visual Analog Scale; DASH: Disabilities of the Arm, Shoulder and Hand

The percentage change in VAS rest, VAS activity, and DASH scores between pre-treatment and one month
post-treatment showed statistically significant differences between the groups (p = 0.004, <0.001, <0.001,
respectively). Similarly, the percentage changes between pre-treatment and three months post-treatment

also demonstrated significant differences across the groups (all p < 0.002). At both time intervals, the

percentage changes for all parameters in Groups 1 and 2 were statistically similar, while these changes were

significantly lower than those observed in Group 3 (Table 3).

VAS rest (BT-1 month AT), median (min/max)

VAS rest (BT-3 months AT), median (min/max)

VAS activity (BT-1 month AT), mean + SD

VAS activity (BT-3 months AT), mean + SD

DASH (BT-1 month AT), mean = SD

DASH (BT-3 months AT), mean + SD

TABLE 3: Comparison of percentage change in VAS and DASH scores among the injection

groups.

*: Kruskal-Wallis Test; **: one-way analysis of variance;
lowercase letters on the same line (p < 0.05).

n: number; SD: standard deviation; min: minimum; max: maximum; BT: before treatmant; AT: after treatment; VAS: Visual Analog Scale; DASH: Disabilities

of the Arm, Shoulder and Hand

ek

: a statistically significant difference was identified between values labeled with different

Group 1 (n=32)
-66.6 (-100.0/0.0)2
-66.6 (-100.0/0.0)2
-50.58 + 17.512
-49.70 + 20.142

-45.37 + 15.362

-46.04 (-91.11/-8.62)2

Group 2 (n = 32)

-66.6 (-100.0/25.0)2

-70.83 (-100.0/0.0)2

-47.28 +18.152

-50.34 + 16.292

-40.88 + 15.362

-38.01 (-95.45/-17.07)2

Group 3 (n=31)

-80.0 (-100.0/0.0)°

-100.0 (-100.0/0.0)P

-75.46 + 13.53°
7450 + 14.44P

72.96 + 12.75°

-67.19 (-100/-42.62)P

P-value

0.004*

0.002*

<0.001**

<0.001**

<0.001**

<0.001*

No statistically significant differences were observed between the groups with respect to gender, age, BMI,
dominant arm, affected arm, and injection technique applied (p > 0.05), except for symptom duration (p =

0.015) (Table 4).
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Female, n (%)
Gender
Male, n (%)
Age, mean + SD
BMI (kg/m?), mean + SD
Symptom duration (months), mean + SD
Right, n (%)
Dominant arm

Left, n (%)

Right, n (%)
Affected arm

Left, n (%)

SABSI, n (%)
Injection technique SSNB, n (%)
applied

SABSI + SSNB, n
(%)

Non-responders to PM&R (n
=26)

17 (34.6)
9 (65.4)
51.12 £ 10.87
28.18 +3.34
6.84 + 3.40
23 (88.5)
3(11.5)

19 (73.1)

7 (26.9)

10 (38.5)

8(30.8)

8(30.8)

Patients unable to attend the PM&R unit (n  P-

=69) value
54 (78.3)

0.198*
15 (21.7)
55.59 + 8.66 0.067**
28.46 + 2.54 0.700**
8.77 £ 3.03 0.015**
60 (87)

0.844*
9 (13)
43 (62.3)

0.326
26 (37.7)
22 (31.9)
24 (34.8)

0.831*
23 (33.3)

TABLE 4: Comparison of demographic and clinical characteristics of the groups at baseline.

*: Pearson’s chi-square test; **: independent-samples t-test.

n: number; SD: standard deviation; BMI: body mass index; PM&R: physical medicine and rehabilitation; SABSI: subacromial bursa steroid

injection; SSNB: suprascapular nerve block

VAS rest, VAS activity, and DASH scores at baseline, first month, and third month were similar between the

groups (p > 0.05) (Table 5).
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Non-responders to PM&R (n =  Patients unable to attend the PM&R unit (n=  P-

26) 69) value
VAS rest (baseline), median (min-max) 3.5 (1.0-7.0) 4.0 (0.0-8.0) 0.629*
VAS rest (1st month), median (min-max) 1.0 (0.0-3.0) 1.0 (0.0-5.0) 0.881*
VAS rest (3rd month), median (min-max) 1.0 (0.0-4.0) 1.0 (0.0-5.0) 0.692*
VAS activity (baseline), medi in-

activity (baseline), median (min 8.0 (5.0-9.0) 8.0 (5.0-10.0) 0.569*

max)
VAS activity (1st month), median (min-

4.0 (0.0-6.0) 3.0 (0.0-8.0) 0.623*
max)
VAS activity (3rd month), median (min-

4.0 (0.0-8.0) 3.0 (0.0-7.0) 0.213*
max)
DASH (baseline), mean + SD 60.27 + 14.82 58.72 + 13.59 0.646**
DASH (1st month), mean + SD 29.81+12.37 27.55+13.70 0.445**
DASH (3rd month), mean + SD 31.77 £+ 13.56 26.02 + 12.87 0.069**

TABLE 5: Comparison of VAS and DASH scores of the groups.

*: Mann-Whitney U Test; **: independent-samples t-test.

n: number; SD: standard deviation; min: minimum; max: maximum; VAS: Visual Analog Scale; DASH: Disabilities of the Arm, Shoulder and
Hand; PM&R: physical medicine and rehabilitation

The percentage change in VAS rest, VAS activity, and DASH scores between pre-treatment and one month
post-treatment or pre-treatment and three months post-treatment showed no statistically significant
difference between the groups (p > 0.05) (Table 6).

Non-responders to PM&R (n = Patients unable to attend the PM&R unit (n= P-

26) 69) value
VAS rest (BT-1 month AT), median
) -70.83 (-100.0/-40.0) -75.00 (-100.0/25.0) 0.746*
(min/max)
VAS rest (BT-3 months AT), median
) -77.5 (-100.0/-20.0) -75.00 (-100.0/0.0) 0.444*
(min/max)
VAS activity (BT-1 month AT), mean+SD  -57.26 + 17.58 -57.71 +21.82 0.917**
VAS activity (BT-3 months AT), mean + SD -53.47 + 21.63 -59.72 + 19.98 0.208**
DASH (BT-1 month AT), mean + SD -50.89 + 18.60 -53.61 +20.88 0.541*
DASH (BT-3 months AT), median
-45.05 (-100.0/-8.62) -51.67 (-100.0/-17.07) 0.053*

(min/max)

TABLE 6: Comparison of percentage change in VAS and DASH scores among the groups.

*: Mann-Whitney U test; **: independent-samples t-test.

n: number; SD: standard deviation; min: minimum; max: maximum; BT: before treatmant; AT: after treatment; VAS: Visual Analog Scale; DASH:
Disabilities of the Arm, Shoulder and Hand; PM&R: physical medicine and rehabilitation

Discussion

While VAS rest, VAS activity, and DASH scores were comparable across groups at the start, significant
improvements were observed by the third-month follow-up, especially in Group 3. Group 3 exhibited
significantly greater improvements in pain and function compared to Groups 1 and 2, with the latter two
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showing no significant differences between each other. These findings highlight the superior effectiveness
of the US-guided combined intervention applied in Group 3 for reducing pain and improving shoulder
function over time.

Additionally, subgroup analysis was performed to compare patients who were non-responders to PM&R
with those unable to attend PM&R units regularly. Patients unable to attend PM&R units displayed a longer
symptom duration, indicating potential delays in accessing care. This situation could stem from barriers to
the PM&R unit, such as logistical challenges (e.g., distance) and socioeconomic factors (e.g., difficulty in
taking leave from work).

The two subgroups did not exhibit statistically significant differences in VAS rest, VAS activity, or DASH
scores at baseline, first-month, or third-month follow-up. Similarly, the percentage change in these
parameters between pre-treatment and post-treatment evaluations showed no significant differences. These
findings suggested that the observed improvements in pain and function from the interventions are
independent of the reasons for PM&R inaccessibility or non-responding. The present study underscored the
need for healthcare policies that promote the integration of US-guided interventions, particularly for
patients with limited access to PM&R due to socioeconomic or geographic barriers. The precision and safety
of US guidance enhance the efficacy of these minimally invasive techniques, making them a valuable option
for patients unresponsive to conservative treatments.

Chronic shoulder pain, the third most prevalent musculoskeletal condition, is a common disorder that not
only leads to pain and functional limitations but also brings about socioeconomic consequences due to
workforce loss [2]. The most commonly diagnosed condition in patients with chronic shoulder pain is
subacromial syndrome, with rotator cuff tendinitis being particularly notable [15]. Therefore, effective
treatment of this condition is crucial.

Especially in cases where patients do not respond adequately to initial conservative treatments, including
exercise and pharmacological interventions, further treatment with PM&R agents in a hospital setting is
usually recommended, as physical rehabilitation is often the first-line treatment for shoulder pain [11].
However, some patients can report that they cannot come to regular sessions due to work commitments or
distance, while others may feel that they do not benefit sufficiently from the PM&R interventions
prescribed. In such cases, minimally invasive methods such as injections may be preferred over more
invasive treatment options such as surgery, as non-operative treatment is a first-line option [16]. The
present study is significant in comparing the effectiveness of commonly used injection methods, such as
SABSI and SSNB, as well as the combined application of both, in cases like these. While a single visit to a
healthcare facility is sufficient for an injection, PM&R requires patients to visit the facility consecutively for
10-15 days. This can pose significant logistical challenges, including transportation costs, time investment,
and potential loss of workdays. Some patients can report that they cannot come to PM&R sessions due to
these barriers. The current study is valuable in highlighting this issue and providing a potential solution.

Corticosteroids, such as triamcinolone, exert both anti-inflammatory and direct analgesic effects by
reducing pro-inflammatory mediators and influencing the cells involved in inflammatory responses when
used for subacromial injection. In contrast, local anesthetics such as lidocaine act through membrane
stabilization, selectively blocking small fibers responsible for transmitting pain and autonomic signals.
Despite their differing pharmacological mechanisms, both corticosteroids and local anesthetics produce
comparable outcomes in terms of pain relief and subsequent improvements in strength and upper limb
function. In clinical practice, however, physicians commonly utilize a combination of corticosteroid
suspensions and local anesthetics during local soft tissue injections to maximize therapeutic efficacy [9].

SSNB injections present a potential alternative to subacromial steroid injections for some patients. The
suprascapular nerve is a mixed nerve, comprising both motor and sensory fibers, and is responsible for
transmitting around 70% of the sensory input to the shoulder region. Injections targeting the suprascapular
nerve are employed in the treatment of various chronic shoulder disorders. However, the precise
mechanisms underlying the clinical efficacy of SSNB injections remain unclear [11].

SSNB can play a crucial role in diminishing neurogenic inflammation linked to local inflammatory
processes, particularly those regulated through neuromodulators, such as calcitonin gene-related peptide
and substance P. In addition, SSNB interrupts the afferent component of the abnormal reflex arcs involved in
the development of certain chronic pain syndromes. This technique is also beneficial in breaking the
persistent pain cycle commonly observed in such conditions. Moreover, SSNB has an impact on pain
sensitization, which further enhances its clinical effectiveness [4].

Combination therapy can be highly valuable in managing such conditions, as it may allow for synergistic
therapeutic effects through different mechanisms of action.

Coory et al. compared the clinical efficacy of US-guided SSNB and US-guided SABSI in patients with
symptomatic rotator cuff tears and observed that SSNB was more effective than SABSI on pain and
functional status [17]. Konar et al. compared the efficacy of LM-guided SABSI (methylprednisolone acetate
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and lignocaine mixture) and LM-guided SSNB (methylprednisolone acetate, lignocaine, and bupivacaine
mixture) in patients with shoulder impingement syndrome. They observed that SSNB was more effective in
improving pain and shoulder function compared to SABSI [18].

Saglam et al. investigated the efficacy of SABSI (lidocaine and methylprednisolone acetate mixture) and
SSNB (lidocaine and methylprednisolone acetate mixture) in patients with chronic shoulder pain. In contrast
to Konar et al. and Coory et al., they found that the efficacy of the two injection techniques was similar [19].

Taskaynatan et al. evaluated the efficacy of LM-guided SABSI (lidocaine and methylprednisolone acetate
mixture) and LM-guided SSNB ( lidocaine) on pain, disability, and range of motion in patients with shoulder
pain. They found both treatment methods to be similar [20]. Although the literature still lacks consensus on
whether SABSI or SSNB is superior, this study found that US-guided SABSI and US-guided SSNB were not
superior to each other in terms of pain and function.

Yilmaz compared the efficacy of LM-guided SABSI alone with the combination of LM-guided SABSI and
SSNB in patients with shoulder impingement syndrome and found that combined injection therapy provided
better improvement in pain and shoulder function [4]. In support of Yilmaz’s findings, this study
demonstrated that US-guided combined injection therapy provided better results in terms of shoulder pain
and function compared to US-guided SABSI or SSNB alone.

Advancements in technology have positioned dynamic musculoskeletal US as an invaluable supplementary
tool across various clinical specialties, including orthopedic surgery, PM&R, and sports medicine. Its
capacity to provide high-resolution, real-time imaging has broadened its application, offering significant
support in both the evaluation of soft tissue injuries and the treatment of these disorders by guiding
procedures [21].

The use of US-guided injections is particularly beneficial, as it ensures visualization of the needle and the
injectate in the targeted site, minimizing the risk of injury to nerves, blood vessels, and soft tissues such as
tendons and muscles. Although the occurrence of pneumothorax during the SSNB procedure is documented
to be less than 1%, it represents a noteworthy source of litigation in procedures performed for chronic pain,
making up 5% of all legal claims [5,6,22]. A vertical approach to the suprascapular notch may increase the
risk of pneumothorax. Possible complications of SSNB can be effectively reduced by using US guidance [6].

LM-guided injection technique may be less successful in obese patients. It is more difficult to detect bone
landmarks and reach the target during injection because the subcutaneous adipose tissue is thick [5]. The
palpation of the body reference points is also difficult for the application of the LM-guided injection
technique in patients who have excess muscle tissue [23]. Although there is still no consensus in the
literature on the superiority of US-guided injections over LM-guided injections for SABSI or SSNB [6,10,22-
28], the US-guided injection method was preferred in this study due to its potential advantages.

A meta-analysis published in 2022 reported that US-guided SABSI was not superior to the LM-guided
technique for improvement in pain and function [24]. Akbari et al. found that LM-guided and US-guided
SABSIs were similarly effective in patients with subacromial impingement syndrome in terms of pain, range
of motion, and function improvements [25]. Ayekoloye et al. also found that LM-guided and US-guided
SABSIs in patients with subacromial impingement had similar efficacy in terms of pain and functional
improvements [26].

In contrast, Azadvari et al. also compared the efficacy of LM-guided and US-guided SABSIs in patients with
spinal cord sequelae with subacromial impingement. Although they found improvement in pain and
function parameters in both groups, they observed that US-guided injections were superior [27]. According
to a meta-analysis published in 2015, US-guided SABSIs in adults with shoulder pain are significantly more
effective than LM-guided SABSIs [5].

Kamal et al. compared the efficacy of LM-guided and US-guided SSNB and found that the two techniques
provided equal improvement in pain, range of motion, and shoulder function [28]. Saglam and Alisar
evaluated the efficacy of LM-guided and US-guided SSNB in chronic shoulder pain and found no difference
between the two groups [29].

In contrast to Kamal et al. and Saglam and Alisar, Gorthi et al. evaluated the efficacy of LM-guided and US-
guided SSNB in patients with shoulder pain and observed that US-guided SSNB was more effective for
improvement in pain and shoulder functions. In addition, they observed vascular injury in two patients and
nerve injury in three patients in the LM-guided SSNB group. However, they did not encounter any
complications in the US-guided SSNB group [10]. A 2023 meta-analysis compared the effectiveness of US-
guided and LM-guided corticosteroid injections for shoulder pain. The results showed that US-guided
injections provided greater pain relief, improved shoulder function, and increased abduction at six weeks.
Despite similar outcomes on shoulder disability scales, the study recommended US guidance due to its
advantages in needle visualization and reduced complication risk [30].
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Previous studies have not specifically addressed the concepts of “non-responders to PM&R” and “patients
unable to attend PM&R units” when evaluating patients. The subgroup of “patients unable to attend PM&R
units” has been largely overlooked in the existing literature [16-18,23,25-27]. This study addresses this gap
by identifying that patients who cannot attend PM&R have longer symptom duration, which may lead to
prolonged work loss and greater impairment in daily activities. Additionally, the similar VAS and DASH
score changes between subgroups support the generalizability of these minimally invasive treatments across
diverse patient populations, regardless of their access to PM&R. Another major strength of the study is its
prospective design and the fact that it is the first study to compare three different injection techniques
(SABSI, SSNB, and SABSI + SSNB) in a single clinical framework under US guidance. US guidance not only
improves needle placement accuracy but also reduces the risk of complications. These advantages make this
approach clinically safer and relevant. Despite these strengths, the study has some limitations. The
relatively small number of patients was the first limitation of the study. The second limitation of the study
was that there was no exercise group as the control group. The short follow-up period after treatment was
another limitation of the study. The final limitation of the study was the lack of a group benefiting from
traditional PM&R. Future research should focus on long-term follow-up to evaluate the sustained benefits
of these injections. Additionally, larger, multicenter randomized controlled trials should be conducted to
further confirm the superiority of combined injection therapy. Further studies should also investigate the
integration of US-guided interventions into routine clinical practice and assess their cost-effectiveness
compared to traditional rehabilitation approaches.

Conclusions

US-guided SSNB and SABSI, when applied together, provided superior pain relief and functional
improvement in subacromial impingement syndrome compared to their applications alone. Additionally,
subgroup analysis showed that these interventions were equally effective in patients unable to attend
PM&R units and those non-responsive to PM&R. These findings highlight the potential of US-guided
injections as a viable treatment alternative.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Alper Uysal

Acquisition, analysis, or interpretation of data: Alper Uysal

Drafting of the manuscript: Alper Uysal

Critical review of the manuscript for important intellectual content: Alper Uysal

Supervision: Alper Uysal

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Tayfur Ata Sokmen Faculty of Medicine, Hatay Mustafa Kemal University Clinical
Research Ethics Committee issued approval 2021/54. Animal subjects: All authors have confirmed that this
study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. Michener LA, McClure PW, Karduna AR: Anatomical and biomechanical mechanisms of subacromial
impingement syndrome. Clin Biomech (Bristol). 2003, 18:369-79. 10.1016/50268-0033(03)00047-0

2. Garving C, Jakob S, Bauer I, Nadjar R, Brunner UH: Impingement syndrome of the shoulder. Dtsch Arztebl
Int. 2017, 114:765-76. 10.3238/arztebl.2017.0765

3. Zamzam M, El Yasaki A, El Garabawy N, El Ghandour LE: Shockwave therapy versus local steroid injection in
chronic supraspinatus tendinopathy. Egypt Rheumatol Rehabil. 2019, 46:141-7. 10.4103/err.err 16 18

4. Yilmaz E: A prospective, comparative study of subacromial corticosteroid injection and subacromial
corticosteroid injection plus suprascapular nerve block in patients with shoulder impingement syndrome.
Arch Orthop Trauma Surg. 2021, 141:733-41. 10.1007/s00402-020-03455-x

5. WuT, Song HX, Dong Y, Li JH: Ultrasound-guided versus blind subacromial-subdeltoid bursa injection in

2025 Uysal et al. Cureus 17(2): €79008. DOI 10.7759/cureus.79008 120f 13


javascript:void(0)
https://dx.doi.org/10.1016/s0268-0033(03)00047-0
https://dx.doi.org/10.1016/s0268-0033(03)00047-0
https://dx.doi.org/10.3238/arztebl.2017.0765
https://dx.doi.org/10.3238/arztebl.2017.0765
https://dx.doi.org/10.4103/err.err_16_18
https://dx.doi.org/10.4103/err.err_16_18
https://dx.doi.org/10.1007/s00402-020-03455-x
https://dx.doi.org/10.1007/s00402-020-03455-x
https://dx.doi.org/10.1016/j.semarthrit.2015.05.011

Cureus

Part of SPRINGER NATURE

10.

11.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

adults with shoulder pain: a systematic review and meta-analysis. Semin Arthritis Rheum. 2015, 45:374-8.
10.1016/j.semarthrit.2015.05.011

Harmon D, Hearty C: Ultrasound-guided suprascapular nerve block technique. Pain Physician. 2007, 10:743-
6.

Ceccotti AA, Toettrup M, Morch A, Husum HC, Jensen SL: Anatomic total shoulder arthroplasty using hybrid
glenoid fixation with a porous-coated titanium post. Two-to ten-year follow-up of 256 cases with primary
glenohumeral osteoarthritis. Semin Arthroplast JSES. 2024, 34:867-76. 10.1053/j.sart.2024.06.006

Cole BF, Peters KS, Hackett L, Murrell GA: Ultrasound-guided versus blind subacromial corticosteroid
injections for subacromial impingement syndrome: a randomized, double-blind clinical trial. Am J Sports
Med. 2016, 44:702-7. 10.1177/0363546515618653

Sumanont S, Boonard M, Peradhammanon E, Arirachakaran A, Suwankomonkul P, Oungbumrungpan W,
Kongtharvonskul J: Comparative outcomes of combined corticosteroid with low volume compared to high
volume of local anesthetic in subacromial injection for impingement syndrome: systematic review and
meta-analysis of RCTs. Eur ] Orthop Surg Traumatol. 2018, 28:397-407. 10.1007/s00590-017-2056-z

Gorthi V, Moon YL, Kang JH: The effectiveness of ultrasonography-guided suprascapular nerve block for
perishoulder pain. Orthopedics. 2010, 33:1-4. 10.3928/01477447-20100225-11

Smith N, Liew Z, Johnson S, Ellard DR, Underwood M, Kearney R: A systematic review of the methods and
drugs used for performing suprascapular nerve block injections for the non-surgical management of chronic
shoulder pain. Br ] Pain. 2021, 15:460-73. 10.1177/2049463721992091

Feigl GC, Anderhuber F, Dorn C, Pipam W, Rosmarin W, Likar R: Modified lateral block of the suprascapular
nerve: a safe approach and how much to inject? A morphological study. Reg Anesth Pain Med. 2007, 32:488-
94.10.1016/j.rapm.2007.06.394

Boonstra AM, Schiphorst Preuper HR, Reneman MF, Posthumus B, Stewart RE: Reliability and validity of
the visual analogue scale for disability in patients with chronic musculoskeletal pain. Int ] Rehabil Res.
2008, 31:165-9. 10.1097/MRR.0b013e3282fc0f93

Beaton DE, Katz JN, Fossel AH, Wright JG, Tarasuk V, Bombardier C: Measuring the whole or the parts?
Validity, reliability, and responsiveness of the Disabilities of the Arm, Shoulder and Hand outcome measure
in different regions of the upper extremity. ] Hand Ther. 2001, 14:128-46. 10.1016/50894-1130(01)80043-0
van der Windt DA, Koes BW, de Jong BA, Bouter LM: Shoulder disorders in general practice: incidence,
patient characteristics, and management. Ann Rheum Dis. 1995, 54:959-64. 10.1136/ard.54.12.959
Thangarajah T, Lo IK: Optimal management of partial thickness rotator cuff tears: clinical considerations
and practical management. Orthop Res Rev. 2022, 14:59-70. 10.2147/ORR.S348726

Coory JA, Parr AF, Wilkinson MP, Gupta A: Efficacy of suprascapular nerve block compared with
subacromial injection: a randomized controlled trial in patients with rotator cuff tears. ] Shoulder Elbow
Surg. 2019, 28:430-6. 10.1016/j.jse.2018.11.051

Konar A, Pramanik R, Kamal F, Ghosal V, Dey I: A comparative study on efficacy of suprascapular nerve
block vs subacromial steroid injection in shoulder impingement syndrome. Indian ] Phys Med Rehabil. 2019,
30:96-100. 10.5005/jp-journals-10066-0059

Saglam G, Demir FB, Hiiner B, Kuru O: A comparison of the effectiveness of subacromial injection and
suprascapular nerve block in chronic shoulder pain. Med Bull Haseki. 2020, 58:12-7.
10.4274/haseki.galenos.2020.5892

Taskaynatan MA, Yilmaz B, Ozgul A, Yazicioglu K, Kalyon TA: Suprascapular nerve block versus steroid
injection for non-specific shoulder pain. Tohoku | Exp Med. 2005, 205:19-25. 10.1620/tjem.205.19

Pan G: Current status of dynamic musculoskeletal ultrasound for application to treatment of orthopedic
diseases. Am | Transl Res. 2024, 16:2180-9. 10.62347/WHER3512

Fitzgibbon DR, Posner KL, Domino KB, Caplan RA, Lee LA, Cheney FW: Chronic pain management:
American Society of Anesthesiologists Closed Claims Project. Anesthesiology. 2004, 100:98-105.
10.1097/00000542-200401000-00018

Hashiuchi T, Sakurai G, Morimoto M, Komei T, Takakura Y, Tanaka Y: Accuracy of the biceps tendon sheath
injection: ultrasound-guided or unguided injection? A randomized controlled trial. ] Shoulder Elbow Surg.
2011, 20:1069-73. 10.1016/j.jse.2011.04.004

Fan D, Liu X, Ma ], et al.: Ultrasound guidance is not superior in subacromial bursa and intraarticular
injections but superior in bicipital groove: a meta-analysis of randomized controlled trials. Arthroscopy.
2022, 38:1642-57. 10.1016/j.arthro.2021.12.013

Akbari N, Ozen S, $enlik¢i HB, Haberal M, Cetin N: Ultrasound-guided versus blind subacromial
corticosteroid and local anesthetic injection in the treatment of subacromial impingement syndrome: a
randomized study of efficacy. Jt Dis Relat Surg. 2020, 31:115-22. 10.5606/ehc.2020.71056

Ayekoloye CI, Nwangwu O: Ultrasound-guided versus anatomic landmark-guided steroid injection of the
subacromial bursa in the management of subacromial impingement: a systematic review of randomised
control studies. Indian J Orthop. 2020, 54:10-9. 10.1007/543465-020-00148-w

Azadvari M, Emami-Razavi SZ, Torfi F, Nazar NS, Malekirad AA: Ultrasound-guided versus blind
subacromial bursa corticosteroid injection for paraplegic spinal cord injury patients with rotator cuff
tendinopathy: a randomized, single-blind clinical trial. Int ] Neurosci. 2021, 131:445-52.
10.1080/00207454.2020.1748620

Kamal K, Dahiya N, Singh R, Saini S, Taxak S, Kapoor S: Comparative study of anatomical landmark-guided
versus ultrasound-guided suprascapular nerve block in chronic shoulder pain. Saudi ] Anaesth. 2018, 12:22-
7.10.4103/sja.SJA_123_17

Saglam G, Alisar DC: A comparison of the effectiveness of ultrasound-guided versus landmark-guided
suprascapular nerve block in chronic shoulder pain: a prospective randomized study. Pain Physician. 2020,
23:581-8.

ElMeligie MM, Allam NM, Yehia RM, Ashour AA: Systematic review and meta-analysis on the effectiveness
of ultrasound-guided versus landmark corticosteroid injection in the treatment of shoulder pain: an update.
] Ultrasound. 2023, 26:593-604. 10.1007/540477-022-00684-1

2025 Uysal et al. Cureus 17(2): €79008. DOI 10.7759/cureus.79008

13 0f 13


https://dx.doi.org/10.1016/j.semarthrit.2015.05.011
https://www.painphysicianjournal.com/current/pdf?article=OTEz&journal=38
https://dx.doi.org/10.1053/j.sart.2024.06.006
https://dx.doi.org/10.1053/j.sart.2024.06.006
https://dx.doi.org/10.1177/0363546515618653
https://dx.doi.org/10.1177/0363546515618653
https://dx.doi.org/10.1007/s00590-017-2056-z
https://dx.doi.org/10.1007/s00590-017-2056-z
https://dx.doi.org/10.3928/01477447-20100225-11
https://dx.doi.org/10.3928/01477447-20100225-11
https://dx.doi.org/10.1177/2049463721992091
https://dx.doi.org/10.1177/2049463721992091
https://dx.doi.org/10.1016/j.rapm.2007.06.394
https://dx.doi.org/10.1016/j.rapm.2007.06.394
https://dx.doi.org/10.1097/MRR.0b013e3282fc0f93
https://dx.doi.org/10.1097/MRR.0b013e3282fc0f93
https://dx.doi.org/10.1016/S0894-1130(01)80043-0
https://dx.doi.org/10.1016/S0894-1130(01)80043-0
https://dx.doi.org/10.1136/ard.54.12.959
https://dx.doi.org/10.1136/ard.54.12.959
https://dx.doi.org/10.2147/ORR.S348726
https://dx.doi.org/10.2147/ORR.S348726
https://dx.doi.org/10.1016/j.jse.2018.11.051
https://dx.doi.org/10.1016/j.jse.2018.11.051
https://dx.doi.org/10.5005/jp-journals-10066-0059
https://dx.doi.org/10.5005/jp-journals-10066-0059
https://dx.doi.org/10.4274/haseki.galenos.2020.5892
https://dx.doi.org/10.4274/haseki.galenos.2020.5892
https://dx.doi.org/10.1620/tjem.205.19
https://dx.doi.org/10.1620/tjem.205.19
https://dx.doi.org/10.62347/WHER3512
https://dx.doi.org/10.62347/WHER3512
https://dx.doi.org/10.1097/00000542-200401000-00018
https://dx.doi.org/10.1097/00000542-200401000-00018
https://dx.doi.org/10.1016/j.jse.2011.04.004
https://dx.doi.org/10.1016/j.jse.2011.04.004
https://dx.doi.org/10.1016/j.arthro.2021.12.013
https://dx.doi.org/10.1016/j.arthro.2021.12.013
https://dx.doi.org/10.5606/ehc.2020.71056
https://dx.doi.org/10.5606/ehc.2020.71056
https://dx.doi.org/10.1007/s43465-020-00148-w
https://dx.doi.org/10.1007/s43465-020-00148-w
https://dx.doi.org/10.1080/00207454.2020.1748620
https://dx.doi.org/10.1080/00207454.2020.1748620
https://dx.doi.org/10.4103/sja.SJA_123_17
https://dx.doi.org/10.4103/sja.SJA_123_17
https://www.painphysicianjournal.com/current/pdf?article=NzE1Mg%3D%3D&journal=131
https://dx.doi.org/10.1007/s40477-022-00684-1
https://dx.doi.org/10.1007/s40477-022-00684-1

	Efficacy of Ultrasound-Guided Injections in Patients Unable to Access or Benefit From Physical Therapy: A Comparative Study of Subacromial Corticosteroid Injection, Suprascapular Nerve Block, and Their Combination in Shoulder Impingement Syndrome
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study design and participants
	Inclusion criteria
	Exclusion criteria
	Randomization and formation of groups
	FIGURE 1: Flowchart of the study.

	Injection techniques and treatment protocols
	FIGURE 2: Step-by-step ultrasound images of the subacromial bursa filling with injection material during SABSI.
	FIGURE 3: Step-by-step ultrasound images of the suprascapular notch filling with injection material during SSNB.

	Outcome measures and evaluation times
	Statistical analysis

	Results
	TABLE 1: Comparison of demographic and clinical characteristics of the injection groups at baseline.
	TABLE 2: Comparison of VAS and DASH scores of the injection groups.
	TABLE 3: Comparison of percentage change in VAS and DASH scores among the injection groups.
	TABLE 4: Comparison of demographic and clinical characteristics of the groups at baseline.
	TABLE 5: Comparison of VAS and DASH scores of the groups.
	TABLE 6: Comparison of percentage change in VAS and DASH scores among the groups.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


