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A Prospective Randomized Study Comparing the Efficacy of
Electrotherapy to Ultrasound - Guided Intra-Articular Steroid Injections
for Frozen Shoulder
Saravana Kumar', Vejaya Kumar', Srinivasan Balasubramanian"’, Saravanan Kasirajan'

Learning Point of the Article:
In Frozen shoulder, ultrasound-guided intra-articular steroid offers better short- to mid-term pain relief and shoulder function than
electrotherapy, enabling faster recovery and improved quality of life.

Background: Frozen shoulder (adhesive capsulitis) is a disabling condition marked by pain and restricted range of motion (ROM). This study
compares the effectiveness of electrotherapy (ET) and ultrasound-guided intra-articular steroid injections (UG-IASI), two common non-
operative treatments.

Materials and Methods: In this prospective, randomized trial, 60 patients with unilateral Frozen shoulder were assigned to either ET (n=30) or
UG-IASI (n =30). Outcomes were assessed at baseline, 1, 3,and 6 months, and 1 year using the shoulder pain and disability index (SPADI) and
ROM measurements. Statistical analyses included mixed-effects models and subgroup analysis for diabetes.

Results: UG-IASI resulted in significantly greater SPADI and ROM improvements than ET at 1, 3, and 6 months (P < 0.05). By 1 year, the
difference was no longer significant. UG-IASI showed notable gains in abduction and flexion. Diabetic patients experienced reduced
improvements across both groups.

Conclusion: UG-IASI provides superior early and mid-term outcomes in pain relief and shoulder function compared to ET. While long-term
differences narrow, early intervention with UG-IASI supports faster recovery. A tailored approach, considering comorbidities and patient needs,
isrecommended for optimal care.

Keywords: Frozen shoulder, electrotherapy, steroid injection, adhesive capsulitis, shoulder pain and disability index, range of motion

Introduction

Frozen shoulder, also known as adhesive capsulitis or
periarthritis, is a painful and progressively disabling condition
marked by significant restriction in both active and passive range
of motion (ROM) [1]. It typically affects individuals aged 40-60
years, with a prevalence of 2%-5% in the general population, and
up to 20% among those with diabetes mellitus, indicating a

possible metabolic contribution to its pathogenesis. The
condition evolves through distinct phases: Initial pain,
progressive stiffness due to capsular fibrosis, and a gradual
resolution that may take up to 3 years [2]. During this course,
patients often experience impaired daily functioning, reduced
productivity, and increased healthcare utilization. Despite a well-
characterized natural history, optimal management strategies for
frozen shoulder remain a subject of debate [3, 4]. Treatment
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Table 1: Baseline patient characteristics

PATIENT CHARACTERISTICS  Intraarticular steroid (%) Electrotherapy(%) P-value

Table 2: Baseline pre-treatment ROM in both groups

Pre-treatment

Age (years) 52.67.8 51.68.9 0.65 UG-IASI ET P-value

Sex Male 19 (63.3) 18 (58.1) 0.791 ERarm at ABD | 34.5+18.2 39.5+17.8 0.289

Female 11(36.7) 12(38.7) ER arm by side | 32.8+17.6 38.1+17.3 0.24

Diabetes Yes 12 (40.0) 11(35.5) 0791 IR arm by side | 37.5%15.5 41.0+13.9 0.36

No 18 (60.0) 19(61.3) IRarm ABD | 34.3¢15.7 38.1+13.7 0.323

Duration of pain <6 months 16 (53.3) 14 (45.2) 0.606 ABD 71.5+32.9 78.9+35.2 0.403

>6 months 14 (46.7) 16 (51.6) ADD 28.5+11.0 27.4£10.9 0.7
side Right 23(76.7) 24 (77.4%) 0.754 Extension 18.248.2 19.249.3 0.655
Left 7(233) 6(19.4) Flexion 91.3+25.5 90.3+32.9 0.895
Dominance Right 29(96.7) 28 (90.3) 1 Rom: Range of motion, UG-IASI: Ultrasound-guided intra-articular steroid

Left 1(3.3) 2(6.5) injection, ER: External rotation, IR: Internal rotation

approaches range from conservative methods, such as
physiotherapy and analgesics to interventional options, such as
intra-articular corticosteroid injections and surgical release in
refractory cases [ S, 6]. Electrotherapy (ET) using interferential
therapy (IFT), short wave diathermy (SWD), and ultrasound
therapy (UST) is commonly used in physiotherapy to reduce
pain and maintain joint mobility. In contrast, intra-articular
steroid injection (IASI), particularly when guided by
ultrasound (UG-IASI), offer targeted anti-inflammatory effects
and are gaining favor for their potential to accelerate symptom
relief[7,8].

UG-IASI improves the accuracy and safety of drug delivery by
allowing real-time visualization of joint structures, reducing
risks, such as tendon or vascular injury [9]. While both ET and
IASI are clinically effective, direct comparisons are limited and
often inconclusive, leading to uncertainty about the optimal
first-line treatment, especially in patients with comorbidities,
such as diabetes [10, 11]. Existing studies vary widely in their
physiotherapy protocols, follow-up durations, and outcome
measures, making comparisons difficult and limiting clinical
applicability [ 12]. Moreover, many investigations focus only on
short-term results, overlooking the chronic nature of the

Figure 1: Electrotherapy modalities used in the management of shoulder
periarthritis. (a) Patient receiving interferential therapy with electrodes
placed over the affected shoulder region. (b) Application of therapeutic
ultrasound therapy to the shoulder by a physiotherapist for targeted soft
tissue stimulation.

condition. Given the variability in patient responses, especially
among diabetics, a more nuanced, evidence-based
understanding of treatment outcomes is essential [ 13, 14]. This
study was designed to directly compare the clinical efficacy of
ET and UG-IASI in frozen shoulder through a prospective,
randomized trial. Outcome evaluation included both objective
(ROM) and subjective shoulder pain and disability index
(SPADI) measures over a l-year follow-up. The impact of
diabetes mellitus on treatment response was also assessed,
offering insights into personalized approaches for managing
this common and often challenging musculoskeletal disorder.

Materials and Methods
Study designand setting

This prospective, randomized, parallel-group clinical study was

Figure 2: Ultrasound-guided intra-articular steroid injection technique in
frozen shoulder. (a) Patient positioned for ultrasound-guided injection into
the shoulder joint with the transducer placed over the anterior aspect. (b)
Injection being administered into the Gleno-humeral and subacromial-
subdeltoid (SASD) region under real-time ultrasound visualization. (c)
Ultrasound image demonstrating the anatomical structures involved, with
clear delineation of the deltoid muscle, supraspinatus tendon, and SASD
bursa and the red arrow mentioned is glenohumeral joint intra-articular
steroid injection site. (d) Annotated image showing the targeted SASD
injection site region (outlined) between the deltoid muscle and
supraspinatus tendon. The intraarticular steroid injection site is indicated
by a pale yellow arrow; the supraspinatus tendon is marked with a green
outline, and the humeral head aslabeled.
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Table 3: Post-treatment shoulder ROM

Post-treatment

Table 4: Mixed-effects model: Main and interaction effects

UG-IASI F-value P-value
1 Month 40 (30-50) 25 (15-35) <0.0001
Treatment 14.87 <0.0001
3 Months 45 (35-55) 25 (15-35) <0.0001
ER at ABD 90° .
6 Months 45 (35-60) 25(15-35) | <0.0001 Time 88.54 <0.0001
1Ye 50 (40-60 30 (20-40 0.002 .
ear (40-60) (20-40) Diabetes 5.23 0.0251
1 Month 40 (30-50) 20 (15-30) | <0.0001
%
. 3 Months 45 (35-55) 20(15-30) | <0.0001 Treatment * Diabetes 0.76 0.3859
y side
6 Months 45 (35-60) 20 (15-30) <0.0001 Time * Diabetes 1.98 0.1025
1 Year 50 (40-60) 25 (20-35) <0.0001
1 Month 50 (40-60) 30 (25-35) 0.002
3 Months 55 (45-65) 35 (30—-40) <0.0001
IR by side
6 Months 60 (50-70) 35 (30—-40) <0.0001 NEEDLE TRACK INTO THE SASD
REGION
1 Year 65 (55-75) 40 (35-45) 0.002
1 Month 40 (30-50) 30 (20-35) 0.006
3 Months 45 (35-55) 35 (25-40) 0.002
IR at ABD
6 Months 50 (40-60) 35 (25-40) 0.002
1 Year 55 (45-65) 40 (30-45) 0.006
1 Month 75 (60-90) 40 (25-50) <0.0001 DISTENSION SEEN POST INJECTION
IN SASD REGION
ABD 3 Months 85 (70-100) 45 (25-55) <0.0001
6 Months 90 (75-110) 45 (25-55) <0.0001 :::"J_M”“““
1 Year 95 (80-115) 50 (30-60) <0.0001
1 Month 40 (35-45) 35 (30-45) 0.124 Figure 3: Sonographic guidance and confirmation during subacromial-
3 Months 45 (40-50) 40 (35-50) 0124 subdeltoid injection. (a) Ultrasound image showing the needle track
ADD T — 45 (40-55) 20 (35-50) D advancing toward the subacromial-subdeltoid (SASD) region which is
marked with red arrow. (b) Post-injection view demonstrating fluid
1 Year 50 (45-60) 45 (40-55) 0.124 3 - T ; 1
distension in the SASD space, confirming accurate intra-bursal delivery of
1 Month 25 (20-30) 25 (20-30) 0.456 ..
theinjectate.
3 Months 30 (25-35) 30 (25-35) 0.456
Extension
6 Months 30 (25-35) 30 (25-35) 0.456
1 Year 35 (30—-40) 35 (30—-40) 0.456
1 Month 100 (90-110) 70 (50-85) <0.0001
3 Months 105 (95-120) 75(55-90) | <0.0001
Flexion
6 Months 110 (100-130) 75(55-90) | <0.0001
1 Year 115 (105-135) 80 (60-95) | <0.0001
Rom: Range of motion, UG-IASI: Ultrasound-guided intra-articular steroid injection,
ER: External rotation, IR: Internal rotation, ET: Electrotherapy

conducted at the Department of Orthopaedics, Vinayaka
Mission’s Medical College and Hospital, Karaikal, India,
between April 2022 and April 2024. Ethical committee
approval was obtained (Ref: VMMCH/IEC/2022/04), and all
participants provided written informed consent in accordance
with the Declaration of Helsinki.

Studypopulation

Adults aged 18-70 with unilateral shoulder pain and stiffness
for at least 1 month were included. Clinical diagnosis criteria
required restricted passive ROM in at least two planes, with
external rotation (ER) <50% of the opposite shoulder.

Inclusion criteria

« Agebetween 18 and 70 years

[/ -

Figure 4: Assessment of various shoulder range of motion using a universal
goniometer in an elderly female patient after-ultrasound-guided intra-
articular steroid injection.

« Clinical diagnosis of frozen shoulder
« Unilateral involvement
« Restricted passive ER <50%

« Willingness to participate and provide informed consent.

Exclusion criteria
« Previous shoulder surgery or fractures

« Full-thickness rotator cuff tears (confirmed clinically and by
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Figure 5: Assessment of various shoulder range of motion using a universal
goniometerin an elderly female patient after -electrotherapy.

imaging)
« Radiographic evidence of glenohumeral osteoarthritis

« Rheumatoid arthritis or other systemic inflammatory
conditions

. Contraindications to steroid injection (local infection,
uncontrolled diabetes)

« Inability to complywith the study protocol.

Samplessize calculation

Based on a prior study by Koh et al., a mean difference of 15
points (standard deviation + 20) in SPADI scores between
treatment groups at 6 months was anticipated. To detect this
difference with 80% power and a 5% significance level, a
minimum sample size of 27 patients per group was calculated
using G*Power 3.1. Accounting for an expected dropout rate of
10%, 30 participants were recruited per group, totaling 60
patients.

Randomization and allocation

Participants were randomized into two groups (ET [n=30] and
UG-IASI, n = 30) - using a computer-generated sequence with
allocation concealment through sealed envelopes. Due to the
nature of interventions, blinding of patients and clinicians was
not possible; however, outcome assessments were performed
by a blinded independent evaluator. Although the intervention
could not be blinded for practical reasons, our study employed
blinded outcome assessors, reducing the risk of detection bias
and increasing internal validity.

Interventions
ET group

The ET group received structured sessions, including IFT
(15-20 min), SWD (15-20 min), and UST (5-8 min),

SPADI Scores Comparison: 1ASI vs Electrotherapy in Frozen Shoulder

—a— 11 Group.
80 —~e— Electrotherapy Group

SPADI Score

20

10
Pre-treatment 1 Month

3 Months
Time Points

6 Months. 1 Year

Graph 1: Shoulder pain and disability index (SPADI) score comparison
line graph comparing SPADI scores for ultrasound-guided intra-articular
steroid injection and electrotherapy groups at multiple time points. Intra-
articular steroid injection showed significantly better pain relief and
functionalimprovement, especiallyin the first 6 months.

administered by a licensed physiotherapist (Fig. 1). Sessions
were tapered from 3/week to once weekly over 3-6 months.
Present clinical guidelines and rehabilitation practices often
recommend a multimodal therapy approach rather than relying
onasingle treatment, especially for musculoskeletal conditions.
All patients also followed a prescribed home-based exercise
program to maintain shoulder mobility.

IASIgroup

The steroid group received a single UG-IASI of 40 mg
triamcinolone (1 mL) with 2% lignocaine (3 mL) each into the
Gleno-Humeral joint and Subacromial-Subdeltoid (SASD)
bursa using a high-frequency transducer (Figs. 2 and 3). Ice was
applied post-injection and ROM exercises were initiated within
24-48 h based on patient tolerance. As there is no generally
accepted protocol, we have restricted the use of steroid injection
to a single shot because there may be degenerative changes or
metabolic and endocrinological side effects as the dosage of
steroid increases with repeated administration.

Home exercise program

Both groups followed the same home-based exercise program
demonstrated by a physiotherapist, including pendular
movements, ROM exercises, stretching, and resistance band
strengthening. Exercises were performed daily with
written/visual instructions, and adherence was tracked using
self-reported logs reviewed at follow-ups. We acknowledge the
potential for reporting bias in self-reported exercise adherence
logs. To minimize this bias, we employed concurrent
verification through acknowledgement by patient bystanders or
family members. Both groups were given weak analgesics, such
as paracetamol for intolerable pain only, when needed.
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Outcome measures

Outcomes were assessed at baseline, 1, 3, 6 months, and 1 year.
The primary measure was the SPADI score (0-100), evaluating
pain and disability. Secondary outcomes included ROM
measurements (flexion, abduction, rotations, extension,
adduction) using a goniometer, with a composite ROM score
calculated for overall shoulder mobility (Figs. 4 and §). SPADI
and ROM are widely accepted and validated tools in shoulder
research.

Statistical analysis

Datawere verified and analyzed using Python and the Statistical
Package for the Social Sciences. Descriptive statistics, t-tests,
Mann-Whitney U, and Wilcoxon tests were used as
appropriate. Mixed-effects models assessed repeated measures,
with subgroup analysis for diabetes. Missing data were handled
usinglast observation carried forward and multiple imputation.
Significance was setat P < 0.05 with Bonferroni correction.

Results
Participant characteristics

A total of 60 patients with frozen shoulder were enrolled and
randomized equally into two groups: The ET group (n = 30)
and the UG-IASI group (n = 30). Baseline demographic and
clinical characteristics were comparable between the two
groups, with no statistically significant differences observed in
age, sex distribution, duration of symptoms, side of
involvement, or presence of diabetes (all P > 0.05). The mean
age was 52.6 = 7.8 years in the IASI group and 51.6 + 8.9 yearsin
the ET group (P = 0.650). Both groups were predominantly
right-handed and had a similar distribution of symptom
laterality (Table 1). Comparison of demographic and clinical
profiles between the ET and IASI groups, showing no
significant differences at baseline.

ROM
Baseline pre-treatment shoulder ROM

Atbaseline, there were no significant differences in ROM across
all shoulder movements between the two groups (P > 0.05 for
all comparisons), confirming baseline comparability (Table 2).

Post-treatment shoulder ROMin both groups

Following treatment, the UG-IASI group demonstrated
significantly greater improvements in most ROM measures
compared to the ET group. Notably, ER at abduction improved
from a median of 34.5° to 50° at 1 year in the UG-IASI group,
versus 39.5°to 30° in the ET group (P =0.002). Similar patterns

were observed for internal rotation, abduction, and flexion
across all follow-up points (P < 0.001). No statistically
significant differences were noted between groups for
adduction or extension (P > 0.0S atall-time points) (Table 3).

ROM values over time, with the IASI group showing greater
early improvementsin flexion, abduction, and rotations.

SPADIscores

Baseline SPADI scores were similar in both groups (P = 0.805).
However, the UG-IASI group exhibited significantly lower
SPADI scores at 1, 3, and 6 months post-intervention,
indicating better pain relief and functional improvement. For
instance, at 6 months, the IASI group had a mean SPADI score
0f 16.95 + 15.91 compared to 31.54 + 14.22 in the ET group (P
=0.0004). By 1 year, the difference between groups narrowed
and was no longer statistically significant (P = 0.092) (Graph

1).

Effect of diabetes

Mixed-effects analysis showed significant effects of treatment,
time, and diabetes on outcomes. Diabetes negatively impacted
recovery overall (P = 0.0251), but did not alter the relative
effectiveness of either treatment (P = 0.3859). Treatment, time,
and diabetes showed significant main effects on outcomes,
while interactions between treatment and diabetes, and time
and diabetes, were not statistically significant (Table 4). Even
though extensive subgroup analysis wasn't possible due to
sample size, we have considered diabetes as akeyvariable, which
is clinically significant in frozen shoulder prognosis.

Discussion

This randomized trial compared UG-IASI and ET in frozen
shoulder.UG-IASI showed faster and greater improvements in
pain, function, and ROM, particularly within the first 6 months.
Both treatments were effective over time, but UG-IASI
consistently outperformed ET in early recovery. The condition
is known to follow a prolonged natural course lasting up to 2 or
even 3 years in some cases, which significantly affects a patient’s
quality of life and socioeconomic functioning [15, 16]. Due to
its chronic and often refractory nature, early and effective
interventions are critical to halting disease progression and
promoting recovery. Our study demonstrated that patients who
received ultrasound-guided UG-IASI showed significant
improvementsin the SPADI scores as early as 1 month, with the
most pronounced differences observed at 3 and 6 months. This
is in line with previous findings by Carette et al. who found that
IASI offered rapid symptomatic relief and functional gains
compared to physiotherapy alone [17]. The effectiveness of
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corticosteroid injections in periarthritis can be attributed to
their potent anti-inflammatory effects, which reduce synovial
irritation and may halt the cycle of inflammation and fibrosis
that underpins adhesive capsulitis pathogenesis [18, 19].
Furthermore, ultrasound guidance ensures precise delivery into
the glenohumeral or SASD space, thereby enhancing efficacy
and reducing the risk of injection-related complications [20].

In contrast, patients managed with ET showed more gradual
improvements. Although not as dramatic as UG-IASI in the
early follow-up periods, improvements in pain and function
were evident over time. ET, encompassing modalities, such as
IFT, SWD, and therapeutic ultrasound, is aimed at modulating
pain, improving circulation, and enhancing tissue extensibility.
While these effects are beneficial, they tend to require repeated
sessions and longer durations to produce clinically significant
outcomes. The relatively slower progression of improvement in
the ET group could explain the narrowing difference in SPADI
scores between the two groups by the 1-year mark, where the
results were no longer statistically significant [21].

ROM data further substantiated the superiority of IASI in the
short to medium term. Significant gains were observed in
abduction, flexion, and both internal and ER in the UG-IASI
group, with improvements persisting through the 1-year follow-
up. These movements are essential for performing everyday
tasks, and their restriction is a hallmark of periarthritis.
Interestingly, adduction and extension did not show significant
intergroup differences, which may reflect the lesser functional
demand or biomechanical resistance in those planes of motion.
Similar patterns have been reported in other trials, where IASI
led to faster restoration of overhead movements [22].

An important aspect of this study was the consideration of
diabetes mellitus, a known risk factor and complicating variable
in Frozen Shoulder. Our mixed-effects model revealed a
significant main effect of diabetes, confirming that diabetic
patients, regardless of treatment modality, experienced
comparatively poorer outcomes. The study that highlighted the
role of advanced glycation end-products (AGEs) in promoting
capsular fibrosis, reduced collagen turnover, and impaired
tissue elasticity [23]. However, despite the overall reduced
responsiveness in diabetics, those in the IASI group still
demonstrated greater functional improvement than their ET
counterparts, suggesting that targeted anti-inflammatory
intervention may still hold value in this subgroup. The study
which similarly found that diabetic patients, though slower to
recover, benefitted more from injection-based therapies than
from conservative modalities alone [24].

The strengths of this study lie in its randomized design, the use
of a standardized intervention protocol, long-term follow-up of

1 year, and the incorporation of both patient-reported (SPADI)
and objective clinician-measured outcomes (ROM). Moreover,
the use of a blinded assessor helped minimize detection bias,
which s a critical component in clinical trials where blinding of
treatment delivery is inherently difficult. The inclusion of a
structured home exercise program across both groups added
consistency in rehabilitation and reflected real-world clinical
practice, where patients often receive a combination of active
and passive therapy modalities. This study is not without
limitations. First, the single-center design may limit the
generalizability of results to broader populations, particularly
those in varied healthcare systems or socioeconomic
backgrounds. Second, the study did not include a true control
group or sham intervention, which limits our ability to assess
natural history effects. Third, although compliance with the
home exercise program was monitored through patient-
reported logs, more objective methods, such as wearable
activity trackers, could enhance the reliability of adherence
data. Finally, this study only evaluated a single steroid injection.
It remains unclear whether repeat injections, or the
combination of IASI followed by structured physiotherapy,
might yield even greater or more durable benefits, an area
worthy of future investigation.

Our findings are congruent with recent evidence advocating a
multimodal approach to managing adhesive capsulitis. The
studies demonstrated that combining corticosteroid injections
with physiotherapy resulted in greater and faster improvements
in function than either modality alone. Thus, while IASI may
serve as an effective initial treatment, especially in patients
needing rapid symptom control, follow-up with ET and
exercise could be beneficial for maintaininglong-term gains and
preventing recurrence. In clinical practice, the choice of
treatment should be tailored to the individual patient,
considering factors, such as disease stage, comorbid conditions,
pain severity, and functional limitations. Patients who require
rapid symptom relief, such as manual laborers or athletes, may
benefit more from IASI as a first-line intervention. On the other
hand, those with contraindications to steroids or needle
aversion may still achieve meaningful improvements with ET
and arigorousrehabilitation plan [25,26].

While our study had certain limitations, including its single-
center design and small sample size, the use of validated
outcome tools, blinded assessors, standardized treatment
protocols, and clinically meaningful follow-up adds strength to
the findings. The study offers practical insights into real-world
treatment outcomes and provides a valuable foundation for
future research in managing Frozen Shoulder.

In summary, this study provides robust evidence supporting the
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use of ultrasound-guided intra-articular corticosteroid
injections as an effective and safe first-line intervention in
patients with shoulder periarthritis. It also highlights the value
of comprehensive, patient-centered rehabilitation and the
importance of early intervention in altering the trajectory of this
chronic, disabling condition.

Conclusion
In this study, UG-IASI demonstrated superior short- and mid-
term outcomes compared to ET in managing frozen shoulder.
UG-IASI led to more rapid improvements in pain and ROM,
particularly in flexion and abduction. Although ET was

beneficial, its effects were more gradual. Diabetic patients
showed poorer responses across both treatments. These
findings support early use of IASI within a personalized
treatment strategy for optimal recovery.

Clinical Message

Frozen shoulder is a chronic disabling condition. Ultrasound-
guided intra-articular steroid injection UG-IASI offers better short-
to mid-term pain relief and shoulder function than ET, enabling
faster recovery & improved quality of life. A personalized approach
considering patient needs and comorbidities is recommended.
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