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This study aimed to compare the short-term effects of multimodal physiotherapy (MPT) with intra-
articular corticosteroid injection (IAI) on pain, disability, effectiveness of treatment, and passive range 
of motion in patients with frozen shoulder. Randomized Controlled Trial. University Hospital. Patients 
diagnosed with frozen shoulder with at least 50% passive range of motion (PROM) limitation. Forty-
eight patients were allocated into two groups: Group A: MPT and Group B: IAI. After allocation, all 
patients received a prescription of a comprehensive home exercise pamphlet (HEP) and were instructed 
to perform them for six weeks. Pain ((visual analogue scale (VAS), shoulder pain and disability index 
(SPADI)), disability (SPADI), and PROM for abduction, external rotation, and scaption were recorded 
at the baseline and 6 weeks after randomization. The effectiveness of treatment (global rating scale 
(GRC)) was recorded 6 weeks after randomization. Pain (VAS) and (SPADI), disability (SPADI), and 
passive range of motion (PROM) significantly improved after both treatments (p < 001). The effect size 
of MPT was larger than IAI for all outcomes. Notably, significant positive differences were observed 
in internal rotation PROM (p = 0.036, effect size (ES) = 0.627) and the disability section of the GRC 
scale (p = 0.005), indicating that MPT was more effective. However, in VAS, SPADI (total), GRC (pain), 
external rotation, abduction, and scaption PROM, the difference between the treatment groups was 
not statistically significant. MPT and IAI are both effective short-term interventions. The stronger 
effect and specific superior outcomes of MPT are promising, but the limited sample size precludes 
definitive conclusions regarding superiority. Larger trials are warranted to confirm these findings.

Keywords  Frozen shoulder, Mobilization, Proprioceptive neuromuscular facilitation, Intra-articular 
injection, Pain, Disability

Frozen shoulder is one of the most common pathologies in the shoulder that can affect up to 5% of the total 
general population and is associated with obesity and diabetes1. The etiologic factors behind this pathology 
remain unclear but it has been associated with shoulder pain, fibrosis, and stiffness of the anterior portion of the 
glenohumeral articular capsule2. The functional limitations of frozen shoulder can present themselves in various 
ways, such as sleep disturbances caused by pain, severe restrictions in the range of motion of the upper extremity, 
and reduced participation in social activities3. Despite the benign and partially self-limiting nature of frozen 
shoulder, it’s widely agreed upon it should be treated nonetheless since the complications might not resolve and 
may persist in the long term4.

There are various evidence-based approaches for managing frozen shoulder. A cornerstone of conservative 
management is physiotherapy (PT), which typically encompasses a multi-modal strategy. This includes 
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supervised therapeutic exercises aimed at restoring range of motion and strength, joint mobilizations to 
address capsular restrictions, and electrotherapeutic modalities for pain control and tissue healing5,6. Moreover, 
corticosteroids such as prednisolone and triamcinolone can be delivered either intra-articularly or via 
subacromial approach7. Based on a recent systematic review, intra-articular injection (IAI) produces quicker and 
more significant effects on pain when compared to subacromial (SA) injection8. Various studies have supported 
IA corticosteroid injection as an effective treatment for frozen shoulder for pain and passive range of motion 
(PROM) improvement in the short-term6,7. When comparing the effect of PT and IA corticosteroid injection, 
multiple systematic reviews are supportive of the superiority of IA injection while PT could not reach the pain 
relief effects of placebo treatment, making it the worst treatment for pain management for frozen shoulder in the 
short term4,6,7,9. Despite the effectiveness of injection, this approach is plagued with side effects such as tendon 
rupture following heavy lifting, soft tissue or intra-articular infection, muscular atrophy, severe allergic reaction, 
and complications (i.e., fear of injection, dizziness, and light-headedness after injection, etc.) while PT suffers 
from none of the aforementioned side effects and could be considered as an alternative treatment if prescribed 
appropriately10.

Other approaches such as proprioceptive neuromuscular facilitation (PNF) techniques, are used for mobility 
improvements, pain reduction, and articular movement coordination. Other PNF techniques such as hold-relax, 
while relying on principles such as reciprocal innervation and post-isometric relaxation, can improve mobility 
and musculoskeletal performance. A recent systematic review confirmed the superiority of PNF techniques 
when compared with traditional physiotherapy, especially when hold-relax technique and the D2 flexion 
pattern were included in the treatment11. When considering the natural history of this pathology, glenohumeral 
mobilization techniques can be effective in reducing pain and improving the range of motion. Another recent 
systematic review concluded that mobilization techniques, when accompanied with Kaltenborn’s distraction 
techniques, are superior to conventional physiotherapy4. Various promising treatments in PT were examined 
to assess their effectiveness in patients diagnosed with frozen shoulder. Another PT element is Low level laser 
therapy (LLLT), which is a non-invasive approach that can be used in a variety of musculoskeletal disorders. 
In a study that used LLLT for treating patients diagnosed with frozen shoulder, significant differences in pain 
reduction were demonstrated when compared to placebo LLLT12.

Various studies compared PT with intra-articular injection (IAI) in patients with frozen shoulder. Several 
of the studies that used PNF and mobilization techniques showed no significant difference in pain and range 
of motion in short term follow up (6 weeks)13. Although glenohumeral mobilizations and PNF techniques are 
effective, solitary utilization of either does not seem to result in a significant difference in pain and mobility 
compared to IAI. Additionally, LLLT did not show any effect on the shoulder range of motion12. When 
considering the superior effects of the PNF and glenohumeral mobilization techniques on shoulder mobility and 
pain relief and the superior effects of LLLT on pain, there is a compelling chance that when relying on the new 
evidence and recent protocols, the utilization of a multimodal PT (MPT) would result in a safer, quicker, and less 
invasive treatment effect when compared to IA injection6,11,14. To the best knowledge of the authors, no study has 
evaluated the effect of MPT and compared them with IA injection. Therefore, the purpose of this study was to 
compare the short-term effect of corticosteroid IAI with MPT on pain, disability, effectiveness of treatment, and 
PROM in patients diagnosed with frozen shoulder. Our explicit hypothesis was that IAI and MPT would have 
similar effects on pain and disability. However, we anticipated that MPT would lead to greater improvement in 
passive range of motion (PROM) compared to IAI.

Materials and methods
Study design
The present study was a parallel group, two-arm randomized clinical trial. Blinded assessments were performed 
both on data analysis and patient evaluations. Ethics approval was obtained from the regional research ethics 
committee of Mashhad University of Medical Sciences (IR.MUMS.REC.1400.345). All methods were performed 
in accordance with relevant guidelines and regulations, including the Declaration of Helsinki. Written informed 
consent was obtained from all participants. The trial was registered in the Iranian registry of clinical trials at 
2022-03-21 (IRCT20161221031506N8). The study began on March 22, 2022.

Participants
The patients with frozen shoulder were recruited through flyers, announcements, and referral from department 
of orthopaedics. The study was conducted in Ghaem university hospital, Mashhad, Iran. Patients with frozen 
shoulder were randomly assigned into two groups of MPT (n = 24) and IAI (n = 24) after the first evaluation 
through selecting odd and even cards in sealed envelopes for concealed allocation. The assessor was not involved 
in the treatment sessions and the assessor was blinded to group allocation during data collection. The frozen 
shoulder patients were included if they were; (1) 18 years and older13; (2) had more than 50% limitation in both 
passive and active glenohumeral abduction and external rotation (confirmed by a digital goniometer)15; (3) had 
shoulder pain for at least 4 weeks16 (4) had no history of coagulative diseases and15(5) had sleep disturbances due 
to pain and were incapable of sleeping on the affected side due to their shoulder pain17. At baseline, none of the 
participants reported ongoing anti-inflammatory treatment, ensuring comparability between groups.

Patients were excluded if presented with any of the following criteria: (1) history of severe trauma to the 
shoulder that resulted in shoulder dislocations and/or surgeries13; (2) history of cervical radiculopathy that could 
be provoked by active neck pain and spurling test15; (3) history of full-thickness complete rotator cuff tear that 
resulted in a positive drop-arm sign13,15; (4) severe infection (local or systemic)12; (5) history of shoulder fracture 
and osteoarthritis17; (6) presence of malignancy in shoulder14; (7) radiotherapy within the last 4 to 6 months in 
the shoulder14 and (8) any contraindication regarding injection (allergic to drug, previous injection, etc.)18,19.
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Dependent variables measured for each patient were: pain (visual analogue scale (VAS) and (shoulder pain 
and disability index (SPADI)); function (SPADI); PROM in four planes (external rotation, internal rotation, 
abduction, and scaption), and effectiveness of treatment (global rating of change scale (GRC)). The outcome 
measurements were selected based on previous studies that addressed reliability and validity of each measure 
considered. Pain measured using the SPADI questionnaire was the primary outcome measure, whereas function, 
PROM, and effectiveness of treatment were secondary outcome measurements. The questionnaires and PROM 
were evaluated at baseline and 6 weeks after randomization.

This clinical study was conducted at a primary care PT clinic that treats a variety of musculoskeletal 
disorders. Patients in the PT group were treated by an experienced physiotherapist who specialized in shoulder 
orthopaedical pathologies. Before assessing the eligibility criteria, a clinical evaluation of the referred patients 
was performed by an orthopaedic surgeon specializing in arthroscopic shoulder surgery. The independent 
variables for the present study were time with 2 levels (i.e., before treatment, 6 weeks after randomization), and 
group with two levels (i.e., MPT and IAI).

Patients with shoulder pathologies, referred from various sources to an orthopaedic shoulder specialist (***), 
were clinically examined and then determined whether they were eligible to be assessed for the inclusion and 
exclusion criteria (i.e., whether they were diagnosed with frozen shoulder and no other major pathologies). 
After this process, if a patient was deemed suitable to enter the study, a blinded examiner then would explain the 
nature of the study to the patient. Subsequently, all included patients would sign the ethics-approved informed 
consent form. Patients’ baseline assessment (demographic and baseline outcomes) was obtained and then, using 
stratified randomization for diabetic patients with two indexes, they were allocated to either PT or IAI groups. All 
the allocated patients underwent magnetic resonance imaging (MRI) to confirm absence of the aforementioned 
pathologies and other possible sources mimicking frozen shoulder.

Intervention
Intra-articular injection
Patients in the IAI group received their treatment via landmark-guided posterior approach. Based on recent 
trials and systematic reviews, an ultrasonic guided injection does not offer any significant clinical advantage 
when compared to the blinded approach in patients with frozen shoulder20. A combination of 40 milligrams 
of triamcinolone (1 milliliter) and 9 milliliters of 2% lidocaine was injected into the glenohumeral joint by a 
guided posterior approach21. Injections were administered by posterior approach while the patient was seated, 
the affected arm supported by a pillow, and slightly internally rotated. The physician’s index finger was placed 
on the coracoid process and the thumb was placed on the corner of the scapula between the spine and the 
acromion. The needle was then inserted 1 cm below the thumb and pointed toward the coracoid process. 
Equipped with a 21-gauge needle, the orthopedist used a 10-milliliter syringe to deliver the required dosage. 
Patients then received a comprehensive home exercise program pamphlet consisting of pendulum exercises (2 
sets of 8 repetitions, twice daily), active-assisted range of motion exercises (2 sets of 8 repetitions, twice daily), 
and stretching to tolerance (2 sets of 8 repetitions, twice daily). Progression was individualized based on patient 
tolerance, with weekly reassessment to increase the available range of motion at home if pain remained below 
5/10 on the VAS. Adherence to the home exercise program was monitored primarily through weekly patient 
self-reports. We acknowledge that this method is subjective and has inherent limitations, such as potential recall 
bias and over reporting. It was logistically the most feasible method for our study design.

Multimodal physiotherapy
In the MPT group, there were a total of ten sessions, three sessions weekly, each lasting an hour. Patients were 
given the same home exercise pamphlet as the injection group. The interventions were introduced in a particular 
sequence, to augment their effect based on clinical evidence available. At first, hot pack application, which 
covered the entire anterior-posterior aspect of the glenohumeral joint, was applied while the patient’s upper 
extremity that was put in a comfortable position to avoid any discomfort with static positioning for 15 min. 
Then, Low-Level Laser Therapy (LLLT) (class 3B Endolaser 422, Enraf-Nonius (Rotterdam, Netherlands) was 
applied at the most painful points directed at the capsule of the glenohumeral joint (eight points) which was 
indicated by the patient and confirmed with palpation. The points were delineated with a permanent marker 
on the first session. To minimize backscattering and refraction of the laser beam, we disinfected the target area 
with 95% alcohol before each application. The probe was then placed perpendicular to the skin to avoid wasting 
energy due to beam divergence. The laser (pulsed mode) with a wavelength of 905 nm, a power of 60 milliwatts, a 
spot size of 1 cm2, a frequency of 6000 Hz, an energy density of 1.8 J/cm2, and a 30 s process per each point for a 
total dose of 14.4 Joules per session was administered. 12. Afterwards, grade 2 glenohumeral joint mobilizations, 
with emphasis on the improvement of abduction and external rotation, were applied and accompanied with 
grade 1 Kaltenborn distraction technique5,9. The techniques included distraction, posterior, inferior, and lateral 
glide in supine and anterior glide in prone position, each performed for 5–10 min. The joint was reassessed 
each session to follow Maitland’s principles. Finally, the D2 flexion pattern of the involved extremity (flexion, 
abduction, and external rotation in the glenohumeral joint) accompanied by hold relax technique, performed 
with a 10 s contraction of the antagonist pattern muscles, were administered 5 times per each session11.

Outcome measurement
Outcomes of this trial included pain intensity, disability, effectiveness of treatment, and PROM in 4 movements 
at the glenohumeral joint (external rotation, internal rotation, abduction, and scaption). These outcomes were 
measured in a random order using a dice to avoid learning/fatigue effects. The primary outcome of this trial was 
pain that was measured via SPADI. The secondary outcomes were general pain, measured via VAS, effectiveness 
of treatment measured via Global rate of change (GRC) scale, and PROM measured via a digital goniometer.
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Pain (VAS)
Pain intensity was measured via VAS which includes a 100 mm line on which 0 indicates no pain and 100 
indicates the worst pain imaginable. Patients were asked to draw a perpendicular line on this line via a ruler 
to indicate their pain level. A minimum of 20 mm of change is required for the minimally clinically important 
difference (MCID)22.

Pain and disability (SPADI)
Pain intensity and disability were measured via SPADI questionnaire. This index is a self-administered tool that 
ranges from 0 to 100 (No disability to completely disabled) and includes 13 items divided into two subscales: 
5 items on pain and 8 items on disability22. The reliability, validity and responsiveness of the Persian version 
of this index have been validated to use in patients with shoulder pathologies (ICC = 0.89)23. Results from 
previous studies have shown that the SPADI questionnaire has adequate responsiveness in patients with shoulder 
disorders with a change of 19.7 points considered as MCID24.

Effectiveness of treatment (GRC)
The effectiveness of treatment was assessed via GRC. The reliability of the GRC was verified for use in clinical 
trials (ICC = 0.90). GRC is an 11-point scale that consists of -5 (much worse), 0 (no change), to + 5 (much 
better). Each increase or decrease of the score represented the patients’ satisfaction change on the scale. GRC 
scales request a person to assess the effectiveness of the treatment using this scale25.

Passive range of motion (PROM)
PROM of the glenohumeral joint was measured in 4 physiological glenohumeral movements (external rotation, 
internal rotation, abduction, and scaption). Shoulder abduction, external rotation, and internal rotation were 
measured in supine position according to measurement guidelines. Scaption was measured in sitting, with 
shoulder in scapular plane. For abduction, stationary arm of the goniometer was parallel to sternum and moving 
arm of the goniometer was parallel to anterior midline of humorous toward medial humeral epicondyle. For 
external and internal rotation, stationary arm of the goniometer was perpendicular to floor and moving arm of 
the goniometer was ulnar border of forearm toward ulnar styloid process. For scaption, axis was midpoint of 
lateral aspect of acromion process and moving arm of the goniometer lateral midline of humorous toward lateral 
humeral epicondyle. It has been proposed that a change of 10 degrees can be considered the MCID for shoulder 
PROMs24.

Sample size calculation

For sample size calculation, based on this formula, n =
(Z1− α

2
+Z1−β)(S2

1 +S2
2 )

(X1−X2)  the means and standard 

deviations of SPADI (pain) was applied based on a prior study. while considering a 10% drop rate and with 
α: 0.05, Confidence interval: 0.95, β: 0.20, and power: 0.80, 24 subjects were be allocated to each group (48 in 
total)26.

Randomization and blinding
After the baseline assessment, another practitioner allocated the patients randomly to into the intervention groups. 
Using stratified randomization, two indexes of numbers 1 and 2, which belonged to physiotherapy (number 1) 
and IAI (number 2), respectively, were generated from “sealedenvelope.com” by an independent individual and 
put into opaque, sealed envelopes to ensure concealed allocation. One group of envelopes belonged to diabetic 
patients and the other group, to non-diabetic patients. Patients were randomly allocated into two groups: (1) 
MPT, (10 sessions in total, 3 sessions weekly) (n = 24); (2) IAI (n = 24). Statistical analyser was blinded via codes 
allocated to each group participant and was unaware of the interventions administered to each group. Both 
approaches are routinely prescribed and used in the treatment of frozen shoulder, so blinding the patient does 
not violate the fundamental ethical rights of the participants. Each intervention group received treatment at two 
separate treatment centres to remove bias effects due to different preferential treatment perceptions.

Statistical analysis
Normality of data distribution was assessed using the Shapiro–Wilk test, which is more appropriate for small 
sample sizes. Independent t-test was utilized to assess the background quantitative variables between groups. 
Chi-square test was utilized to assess the background qualitative variables between groups. Paired T-test was 
utilized to compare before-after outcomes for each group. For analysing the effectiveness of treatment at 6 weeks 
after randomization, Mann-Whitney test was utilized. Independent t-test was utilized to analyse the quantitative 
dependent variables before randomization and 6 weeks after randomization. Effect sizes were determined by 
utilizing the Cohen’s d formula for paired t-test and independent t-test amount of statistical significance was 
p < 0.05. MCID analysis was performed for all variables29. All analyses were performed using SPSS software 
(version 27.0, Chicago, IL, USA).

Results
In this trial, 115 patients were assessed for their eligibility to enter the study. From this population, out of 67 
excluded patients, 41 patients did not meet the study criteria and 26 patients declined to participate (Fig. 1). 
After baseline assessment, 24 patients were allocated to each of the IAI group (7 males, 17 females, aged: 
56.21 ± 6.345) and MPT group (6 males, 18 females, aged: 57.79 ± 9.523). All background variables (qualitative 
and quantitative) were similar between groups with normal data distribution and no adverse effects reported 
during the trial period or at the second assessment (Table 1).
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Significant statistical differences were found for all variables for both groups when comparing pre-treatment 
with post-treatment. The IAI group significantly improved pain (VAS p < 0.001, ES = 1.379, SPADI p < 0.001, 
ES = 1.695), disability (SPADI p < 0.001, ES = 1.491), and all PROMs (external rotation p < 0.001, ES = 1.650, 
internal rotation p < 0.001, ES = 0.744, abduction p < 0.001, ES = 1.262, and scaption p < 0.001, ES = 1.555). In the 
IAI group, out of 24 patients, MCID for VAS was achieved for 15 patients and 17 patients achieved MCID for 
SPADI. For PROMs, 20 patients for abduction, 20 for external rotation, 13 patients for internal rotation, and 21 
for scaption achieved the MCID (Table 2; Fig. 2).

Fig. 1.  CONSORT Flow Diagram.
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The MPT group significantly improved pain (VAS p < 0.001, ES = 2.012, SPADI p < 0.001, ES = 1.977), disability 
(SPADI p < 0.001, ES = 2.243), and all PROMs (external rotation p < 0.001, ES = 1.662, internal rotation p < 0.001, 
ES = 0.953, abduction p < 0.001, ES = 1.850, and scaption p < 0.001, ES = 2.663). In the MPT group, out of 24 
patients, MCID for VAS was achieved for 22 patients and 21 patients achieved MCID for SPADI. For PROMs, 
23 patients for abduction, 22 for external rotation, 14 patients for internal rotation, and 24 for scaption achieved 
the MCID (Table 2; Fig. 2).

No statistically significant differences were found before randomization for the baseline assessment of pain 
(VAS p = 0.898, SPADI p = 0.957), disability (SPADI p = 0.654), and all PROMs (external rotation p = 0.469, 

Variables

PT (n = 24) IAI (n = 24)

Mean ± SD (before 
randomization)

Mean ± SD (6 
weeks after 
randomization) P-value Effect size

Mean ± SD (before 
randomization)

Mean ± SD (6 
weeks after 
randomization) P-value

Effect 
Size

VAS 76.08 ± 14.68 32.08 ± 22.13 < 0.001* 2.012 75.46 ± 18.62 36.46 ± 29.56 < 0.001* 1.379

SPADI (Pain) 74.58 ± 14.48 32.75 ± 20.05 < 0.001* 1.977 74.33 ± 17.08 36.41 ± 30.46 < 0.001* 1.695

SPADI (Disability) 60.32 ± 15.58 21.88 ± 16.89 < 0.001* 2.057 63.77 ± 18.31 29.80 ± 28.17 < 0.001* 1.261

SPADI (Total) 65.79 ± 13.27 26.20 ± 17.28 < 0.001* 2.243 67.72 ± 16.13 32.34 ± 28.56 < 0.001* 1.491

External rotation PROM 26.25 ± 13.20 54.58 ± 16.67 < 0.001* 1.662 28.75 ± 10.34 57.08 ± 20.47 < 0.001* 1.650

Internal rotation PROM 47.83 ± 17.87 64.79 ± 11.37 < 0.001* 0.953 42.91 ± 13.82 56.25 ± 15.55 < 0.001* 0.744

Abduction PROM 73.75 ± 12.70 113.12 ± 23.67 < 0.001* 1.850 73.08 ± 10.18 118.75 ± 35.57 < 0.001* 1.262

Scaption (PROM) 96.87 ± 12.051 144.79 ± 18.73 < 0.001* 2.663 93.95 ± 16.41 137.08 ± 23.72 < 0.001* 1.555

Table 2.  Changes in dependent variables within groups: results of paired t test. PT: Physiotherapy, IAI: Intra-
articular injection, VAS: Visual Analogue Scale, SPADI: Shoulder pain and disability index, PROM: Passive 
range of motion.

 

Variables

PT (n = 24) IAI (n = 24)

P-ValueMean SD Mean SD

Age (Year) 57.79 9.52 56.21 6.34 0.502

Height (M) 1.61 0.070 1.621 0.07 0.939

Weight (Kg) 71.29 11.00 69.13 13.06 0.538

BMI (Kg/cm2) 27.28 4.55 26.33 5.60 0.519

Duration of disease (months) 6.37 4.21 5.87 3.76 0.667

Gender (N (%))

Male 6 25% 7 29% 0.745

Female 18 75% 17 71%

Dominant Limb (N (%))

Left 2 8% 2 8% 1.000

Right 22 91% 22 91%

Involved Limb (N (%))

Left 8 33% 11 45% 0.376

Right 16 67% 13 55%

Attended college (N (%))

Yes 7 30% 4 20%
0.570

No 17 70% 20 80%

Occupational Level (N (%))

Low-demanding jobs 22 8% 23 4%
0.551

High-demanding jobs 2 91% 1 96%

Hypothyroidism (N (%))

Yes 5 20% 6 25%
0.731

No 19 80% 18 75%

Diabetes (N (%))

Yes 14 58% 14 58%
1.000

No 10 42% 10 42%

Table 1.  Mean and standard deviation (SD) of demographic properties in both groups, with corresponding 
p-values from independent t-tests/chi-square tests. PT: Physiotherapy, IAI: Intra-articular injection, BMI: Body 
Mass Index.
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internal rotation p = 0.292, abduction p = 0.842, and scaption p = 0.486) between groups. This trend was repeated 
with independent T-test for comparing the dependent variables at 6 weeks after randomization, meaning that no 
significant differences were observed between groups except for internal rotation PROM where PT showed to be 
more effective (p = 0.036) (Table 3).

There is no statistically significant difference for GRC (pain) between groups, meaning that both groups 
showed similar effects (p = 0.563). MPT showed to be more effective on GRC (disability) when compared to IAI 
(p = 0.005) (Table 4).

Discussion
The purpose of this trial was to analyse the effect of PT in comparison to IAI on pain, disability, and effectiveness of 
treatment in patients with frozen shoulder. The results indicate that both treatments were effective on improving 
pain and disability, although both groups showed similar trends in reducing pain, improving disability, and 
restoring PROM, when comparing each group before allocation and 6 weeks after randomization, the effect 
size of the MPT group was larger than the IAI group in all outcomes, meaning that MPT was clinically more 
effective in reducing pain, improving disability, and restoring PROM. When assessing the effect of MPT and IAI 
on the effectiveness of treatment (pain), there was no significant difference between groups, but this difference 
became significant for the effectiveness of treatment (disability) as MPT showed to be more effective. These 
findings support multimodal PT as an effective short-term option comparable to IAI, rather than indicating 
overall superiority. When situating our findings within prior evidence favouring IAI for short-term pain relief, 
our data suggest multimodal PT can achieve comparable short-term improvements under a structured protocol 
with sequencing (heat, LLLT, mobilizations, PNF, and HEP). Given heterogeneity in PT content across trials, 
our results should be interpreted as protocol-specific rather than generalizable to all forms of “physiotherapy.” 
Recent systematic review long-established the superiority of IAI for pain reduction in short-term. In a systematic 

Variables

PT (n = 24) IAI (n = 24)

P-Value Effect sizeMean SD Mean SD

VAS 32.08 22.13 36.46 29.56 0.565 N/A

SPADI (Pain) 32.75 20.05 36.41 30.46 0.625 N/A

SPADI (Disability) 21.88 16.89 29.80 28.17 0.245 N/A

SPADI (Total) 26.20 17.28 32.34 28.56 0.374 N/A

External rotation PROM 54.58 16.67 57.08 20.47 0.645 N/A

Internal rotation PROM 64.79 11.37 56.25 15.55 0.036* 0.627

Abduction PROM 113.12 23.67 118.75 35.57 0.522 N/A

Scaption PROM 144.792 18.73 137.08 23.72 0.218 N/A

Table 3.  Dependent variable changes at 6 weeks after randomization: results of independent t test. P-values 
lower than 0.05 are in bold. PT: Physiotherapy, IAI: Intra-articular injection, VAS: Visual Analogue Scale, 
SPADI: Shoulder pain and disability index, PROM: Passive range of motion.

 

Fig. 2.  Outcome measurements evaluated before and six weeks after randomization. Within group differences 
are lower than 0.001. PROM: Passive range of motion.
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review, it was found that corticosteroid treatment provided significant benefits in terms of pain relief and 
improved function in the short-term when compared to PT6. However, PT ranked last in the network analysis for 
short-term pain management between placebo, IAI, subacromial corticosteroid, and arthrographic distention6. 
The reason for this result is most likely due to the large heterogeneity of the studies included and the general 
disagreement on the best treatment for frozen shoulder as many included trials used different IAI approaches 
and PT components27. Nonetheless, IAI showed to be more effective on pain when compared to PT. In another 
systematic review by Wang et al., intra-articular corticosteroid injections were more effective in pain relief and 
restoring PROM in the short term which reasserts the efficiency of injection. However, our findings suggest that 
a MPT can be equally effective or even superior to IAI in improving pain and disability, particularly for internal 
rotation PROM and treatment effectiveness in patients with Frozen shoulder. This may be due to the unique 
sequencing effect of applying heat prior to mobilizations and utilizing PNF techniques, such as hold-relax, to 
increase PROM and reduce pain. In a study conducted by Stergioulas, LLLT was found to significantly reduce pain 
by providing an analgesic effect, which in turn can produce a more positive outlook towards the rehabilitation 
process. This facilitates shoulder relaxation and prepares the patient to be more tolerant towards manual therapy, 
which is essential for successful treatment. Since the shoulder capsule is located up to 2 cm beneath the skin 
as confirmed by MRI measurements the energy from LLLT primarily affects the shoulder musculature, and 
when considering the results of this trial, it is noteworthy to emphasize the potential benefits of focusing on 
the shoulder musculature in a pathology most recognized for capsular inflammation12. In a trial conducted by 
Ryans et al., MPT consisted of eight sessions over a period of 4 weeks which according to the author was based 
on experts’ opinion at the time. It included PNF, Maitland mobilizations, interferential modality and exercise 
therapy. IAI were given by a combined lateral and anterior approach to the shoulder. The authors then concluded 
that corticosteroid injection is effective for improving shoulder-related disability at 6 weeks following treatment 
while PT showed no such effect. This result corresponds with the results of our trial for the effectiveness of IAI 
while in our trial, MPT was as effective as IAI in this trial for pain and disability13. An interesting notion is the 
fact that our study and Ryans et al. used PNF and mobilizations, but when considering the augmentation effect 
of sequencing each treatment and clarifying the dosage, in our trial MPT proved to be as effective as the IAI on 
pain and disability while Ryans et al. observed no such effect. In another trial conducted by Mobini et al., PT 
included transcutaneous electrical nerve stimulation, active ROM exercises, and ice application for 10 sessions. 
Corticosteroid injections included the injection of 60 milligrams triamcinolone and 3 cc lidocaine with posterior 
approach in glenohumeral joint and 20 milligrams triamcinolone and 1.5 cc lidocaine in subacromial space. 
The authors concluded that IAI was more effective than PT in reducing pain and improving function9. While 
this trial favoured IAI, the current trial, while utilizing the MPT with the augmentation effect of sequencing 
its components, reached the same effectiveness level on pain and disability as IAI. Another tangible notion is 
the general administration of physiotherapy without mentioning dosages or techniques by Mobini et al. and 
referring to PT as “modalities”26.

Our research was focused on redefining PT and utilizing all available evidence-based treatments and 
therapies. As a result, MPT has been found to be equally effective as IAI, although some studies have reported 
similar results using different PT and IAI approaches. In a study by Dacre et al., PT was administered using the 
method deemed most appropriate by the therapist, which included mobilizations with no significant differences 
between the groups16. Another study by Arslan compared IAI of methylprednisolone with PT at weeks 2 and 12. 
The PT consisted of hot packs applied for 20 min, ultrasound at 3.5 W/cm2 for 5 min, passive stretching of the 
glenohumeral joint, Codman exercises, and wall climb. There was no significant difference observed between the 
groups15. It appears that different dosages of IAI, unspecified home exercise programs, and a different approach 
to PT can potentially confound the outcomes, leaving the practitioner with more questions than answers27. 
While considering the ambiguous nature of frozen shoulder, the heterogeneity of the trials presents us with 

GRC levels (Pain)

PT (n = 24) IAI (n = 24)

Frequency Frequency P-value

Completely recovered 6 5

0.563

Very much better 5 7

Much better 11 6

Somewhat better 1 1

Better 1 2

No change 0 3

GRC levels (Function)
Completely recovered

0.005

5 1

Very much better 10 6

Much better 8 10

Somewhat better 0 2

Better 1 0

No change 0 5

Table 4.  GRC changes at 6 weeks after randomization. P-values lower than 0.05 are in bold. PT: Physiotherapy, 
IAI: Intra-articular injection, GRC: Global rating of change scale.
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a conundrum. Each trial used a specific dosage for IAI and had a certain definition for PT. Ryans et al. tried 
to justify the administered PT with relying on the knowledge void statement, arguing that many approaches 
to PT remain untested13. Carette et al. used two different physiotherapy approaches to “Reflect current clinical 
practice”28. The same rationale was mentioned by Dacre et al.16. This evidently demonstrates that when it comes 
to Frozen shoulder, there is no consensus for the best and most effective combination for PT. Clearly the approach 
to prescribing MPT needs to be just as clear to IAI to prevent further equivocality.

The strengths of this trial include multidisciplinary approach to PT, sequencing each component to maximize 
its efficiency, and relying on the latest systematic reviews to bring together the PT components in one its most 
effective combinations.

Limitation
This study has several limitations that should be considered when interpreting the results. First, although a 
HEP was prescribed, adherence was not monitored, which may have influenced individual outcomes. Second, 
due to practical clinical constraints, the prescribed supervised exercises could not be fully implemented in their 
intended sequence during treatment sessions. Third, the short-term follow-up period of 6 weeks limits insight 
into whether the observed improvements are sustained over time; longer-term assessment is needed to evaluate 
treatment durability. Finally, the relatively high number of participant exclusions may affect the generalizability 
of the findings to the broader population with frozen shoulder.

Based on these findings and limitations, future research is recommended to investigate the optimal sequencing 
and combined effects of specific manual therapy techniques, exercise prescriptions, and electrotherapy 
modalities within a multimodal physiotherapy framework. Additionally, studies comparing alternative injection 
approaches—such as subacromial injection, which may be less resource-intensive than intra-articular injection—
and their integration with HEP and MPT are warranted.

Conclusion
This randomized trial demonstrates that both MPT and IAI, combined with home exercise, are effective short-
term treatments for frozen shoulder, significantly improving pain, disability, and range of motion. MPT showed 
a stronger treatment effect, with statistically superior outcomes in patient-reported function and restoration of 
internal rotation. However, for most primary outcomes, the between-group differences did not reach statistical 
significance. The study’s sample size limits the precision of these comparisons and the generalizability of the 
findings. Therefore, while MPT appears to be a highly effective and possibly superior intervention, larger trials 
are needed to confirm its comparative advantage definitively.

Clinical message

•	 Utilization of multimodal physiotherapy (MPT) would result in a safer, quicker, and less invasive treatment 
effect.

•	 MPT can be a suitable alternative for reducing pain, and disability, as well as restoring passive range of motion.
•	 Intra-articular injection can result in the same effect as MPT for improving pain and disability.

Data availability
The datasets generated and/or analysed during the current study are not publicly available due to privacy con-
cerns, licensing restrictions, and ethical approvals. However, all relevant data are included within this published 
article and its Supplementary Information files. Additional materials may be obtained from the corresponding 
author, Dr. Salman Nazary-Moghadam (PT, PhD), upon reasonable request at Nazaryms@mums.ac.ir.
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