
Introduction
Frozen shoulder, or adhesive capsulitis, is a progressively limiting 
musculoskeletal disorder marked by increasing pain, joint 
stiffness, and restricted movement of the shoulder joint [1]. It 
generally advances through three clinically recognized phases: 
The initial painful freezing stage, the intermediate frozen stage 
characterized by marked stiffness, and the thawing stage during 
which mobility gradually returns [2]. Although the precise cause 

is not fully understood, several contributing factors have been 
identified, including metabolic disorders such as diabetes and 
thy roid dysf unction,  periods of  prolonged shoulder 
immobilization, and underlying autoimmune mechanisms [3]. 
The condition affects approximately 2–5% of the population, 
with the highest prevalence among individuals aged between 40 
and 60 years, and tends to occur more frequently in women [4].
Standard treatment strategies for frozen shoulder encompass a 
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Introduction: Frozen shoulder, also known as adhesive capsulitis, is a condition marked by persistent shoulder pain and limited range of 
motion. Platelet-rich plasma (PRP) has recently gained attention as a biologically active therapy capable of enhancing tissue repair and 
regeneration.
Objective: This study aimed to assess the impact of intra-articular PRP injections on functional recovery in individuals with frozen shoulder.
Materials and Methods: A prospective interventional study was performed involving 30 patients who had not responded to standard 
conservative therapies. Each participant received a single PRP injection and was monitored at intervals of 1 week, 1 month, 3 months, and 6 
months. Pain and functional outcomes were measured using the visual analog scale (VAS) and disabilities of the arm, shoulder, and hand 
(DASH) scores. Subgroup analyses examined the effects of age, diabetes status, and duration of symptoms.
Findings: After 6 months, there was a 75.3% reduction in pain scores and a 72.1% improvement in functional scores. Patients who were younger, 
non-diabetic, or had symptoms for <6 months experienced more favorable outcomes. Multivariate analysis confirmed age, diabetes, and 
symptom duration as significant outcome predictors.
Conclusion: Intra-articular PRP injections appear to significantly reduce pain and enhance function in patients with frozen shoulder, with the 
most pronounced benefits observed in early-stage, younger, non-diabetic individuals. Despite certain study limitations, these results highlight 
PRP’s potential as an effective treatment alternative.
Keywords: Platelet-rich plasma, frozen shoulder, adhesive capsulitis, intra-articular injection.

Abstract

Learning Point of the Article:
Platelet-rich plasma (PRP) offers a safe, regenerative treatment for frozen shoulder, providing superior, and longer-lasting pain relief and 
functional improvement compared to corticosteroids. Its efficacy is higher in younger, non-diabetic patients with shorter symptom duration.

Functional Outcome of Intra-articular Platelet-Rich Plasma in the 
Treatment of Frozen Shoulder
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combination of physical rehabilitation, pain management using 
non-steroidal anti-inflammatory drugs, corticosteroid 
injections [5], fluid distension techniques like hydrodilatation, 
and in cases unresponsive to conservative therapy, surgical 
options such as manipulation under anesthesia or arthroscopic 
capsular release [6]. Among these, corticosteroids are 
commonly used due to their potent ability to suppress 
inflammation, resulting in temporary pain relief and improved 
joint motion [7]. Nonetheless, concerns persist regarding their 
long-term effectiveness and potential adverse outcomes, 
including carti lage damage, tendon weakening , and 
exacerbated glycemic control in diabetic patients [8].
In light of these limitations, platelet-rich plasma (PRP) therapy 
has gained attention as an innovative biologic intervention for 
various musculoskeletal conditions, including adhesive 
capsulitis [9]. PRP is an autologous preparation enriched with 
platelets and bioactive proteins such as platelet-derived growth 
factor, transforming growth factor -β, vascular endothelial 
growth factor, and vascular endothelial growth factor, which 
collectively aid in tissue regeneration, new blood vessel 
formation, and the modulation of inflammatory responses 
[10]. The proposed therapeutic benefits of PRP in treating 
frozen shoulder include its ability to reduce synovial 
inflammation, facilitate remodeling of the joint capsule, and 
restore mobility without the complications associated with 
steroid use [11]. However, variability in PRP formulations – 
such as leukocyte-rich versus leukocyte-poor preparations [12] 
– alongside differing injection techniques (e.g., ultrasound-
guided versus unguided approaches) [13], and inconsistent 
dosing protocols, continue to be areas of ongoing research and 
debate [14]. Furthermore, given the relatively high cost of PRP 
therapy, comprehensive analyses comparing its cost-
effectiveness to conventional treatments remain necessary 
[15].

Aim
To assess the functional outcome of intra-articular PRP in the 
treatment of frozen shoulder in terms of improvement in pain 
using VAS score and range of movements using disabilities of 
the arm, shoulder, and hand (DASH) score.

Materials and Methods
This cross-sectional interventional study was conducted in the 
Department of Orthopedics at MGMC and RI from May 2023 
to May 2025, with a follow-up period of 6 months. The study 
population included patients presenting to the orthopedics 
outpatient department with pain and restricted shoulder 
mobility, clinically diagnosed with primary frozen shoulder 
(adhesive capsulitis). Ethical approval was obtained from the 
Institutional Review Board before commencement.

Inclusion criteria
• Patients aged 18 years or older with primary frozen shoulder
• Persistent symptoms despite 1 month of conservative 
management (physiotherapy and analgesics)
• No previous PRP injections or surgical interventions in the 
affected shoulder.

Exclusion criteria
• Bony injuries or glenohumeral arthritis in the ipsilateral 
shoulder
• History of corticosteroid injections for the same condition
• Active skin infections or lesions near the injection site.

Sample size calculation
The sample size was determined based on a previous study by 

Thu et al. [2], which demonstrated the efficacy 
of PRP in improving pain and functional 
outcomes in frozen shoulder patients. Using 
the visual analog scale (VAS) score at 12 weeks 
(2.16 ± 0.77), with an alpha error of 0.05 and a 
margin of error set at 13% of the mean, the 
required sample size was calculated as 29 to 
ensure statistical significance.

Procedure
Basic demographic data were recorded for all 
participants. Patients clinically diagnosed with 
frozen shoulder based on the predefined 
inclusion and exclusion criteria were enrolled 
in the study. Written informed consent was 
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obtained from each participant before participation. Baseline 
evaluations included:
• Pain assessment using the VAS; 0–10, where 0 indicated no 
pain and 10 represented the worst possible pain.
• Functional assessment using the DASH score
• Range of motion (ROM) measurements using a standard 
goniometer.

PRP preparation and injection protocol
PRP was prepared following a standardized protocol:
1. Blood collection: 20 mL of venous blood was drawn from 
each patient
2. Centrifugation: The sample was centrifuged at 5000 rpm for 
5 min to separate components into red blood cells, buffy coat 
(leukocytes), and PRP
3. PRP extraction: Approximately 3 mL of PRP was collected 
under sterile conditions.

Injection procedure
• The patient was positioned supine with the shoulder in neutral 
alignment
• Under aseptic precautions, the glenohumeral joint was 
accessed through an anterior approach using an 18-gauge 

needle
• 3 mL of PRP was injected intra-articularly.

Post-procedure care
• Oral analgesics (Tab. Paracetamol 1g twice daily for 5 days) 
were prescribed for post-procedural pain or fever
• Physiotherapy (pendulum exercises and shoulder ROM) was 
initiated 24 h post-injection, followed by a structured 
rehabilitation program
• Ice pack application was advised for the first 5 days to reduce 
swelling.

Outcome measures
Follow-up assessments were conducted at: 
• 1 week, 1 month, 3 months, and 6 months post-injection. 
Outcome parameters included:
• Pain (VAS score)
• ROM (goniometer measurements)
• Functional recovery (DASH score)

Statistical analysis
The collected data were analyzed using the Statistical Package 
for the Social Sciences (SPSS) software (version 26.0), with 
continuous variables (age, VAS scores, DASH scores, ROM) 
expressed as means ± SD or medians (IQR) and categorical 
variables as frequencies (%). Baseline versus follow-up 
outcomes (1 week, 1, 3, and 6 months) were compared using 
paired t-tests or Wilcoxon signed-rank tests, with repeated-
measures analysis of variance assessing longitudinal changes; 
effect sizes (Cohen’s d/r) quantified clinical significance. 
Subgroup analyses (by age, diabetes status, and symptom 
duration) employed independent t-tests/Mann–Whitney U-
tests, and P < 0.05 (two-tailed) indicated statistical significance.

Results
A total of 30 patients were included in the study. The cohort had 
a mean age of 58.6 ± 10.2 years, with the largest proportion of 
patients (40.0%) belonging to the 50–59 age group. The gender 
distribution was relatively balanced, with a slight male 
predominance (53.3%). The average duration of symptoms 
before treatment was 6.1 ± 2.8 months. Comorbidities were 
common, with a high prevalence of type 2 diabetes mellitus 
([T2DM], 76.7%) and systemic hypertension ([SHTN], 
43.3%). The complete baseline characteristics are summarized 
in Table 1.
A significant reduction in pain was observed at all follow-up 
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Characteristic Value

Age (years), Mean±SD 58.6±10.2

Age Group, n  (%)

40–49 years 4 (13.3%)

50–59 years 12 (40.0%)

60–69 years 7 (23.3%)

70–79 years 5 (16.7%)

80+ years 2 (6.7%)

Gender, n (%)

Female 14 (46.7%)

Male 16 (53.3%)

Symptom duration (months), 

Mean±SD
6.1±2.8

Comorbidities, n  (%)

Type 2 diabetes mellitus 23 (76.7%)

Systemic hypertension 13 (43.3%)

Hypothyroidism 1 (3.3%)

Table 1: Patient demographics and baseline 

characteristics (n=30)

SD: Standard deviation
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time points compared to baseline (P < 0.001 for all). The mean 
VAS score decreased from a baseline of 8.1 ± 0.9 to 2.0 ± 1.8 at 
the 6-month follow-up, representing a 75.3% reduction. 
Maximal improvement was observed at 6 months, with 86.7% 
of patients (26/30) achieving a VAS score of ≤2, indicating 
sustained and substantial pain relief. The results are detailed in 
Table 2.
Functional improvement, as measured by the DASH 
questionnaire, mirrored the pain reduction. The mean DASH 
score improved from 78.5 ± 8.2 at baseline to 21.9 ± 19.5 at 6 
months, a 72.1% improvement (P < 0.001). By the 6-month 
endpoint, 80% of patients (24/30) achieved a DASH score of 
<30, indicating a return to near-normal shoulder function. The 
longitudinal results for both VAS and DASH scores are 
presented together in Table 2.

Impact of comorbidities
The presence of T2DM was associated with less pronounced 
improvement. Non-diabetic patients (n = 7) showed 
significantly greater reductions in VAS (82.1% vs. 71.2%, P = 
0.030) and greater improvement in DASH scores (80.3% vs. 
68.5%, P = 0.021) at 6 months compared to diabetic patients (n 
= 23). The presence of hypertension did not significantly alter 
outcomes (Table 3).

Impact of symptom duration
Patients who received treatment earlier (symptom duration <6 
months, n = 18) achieved superior functional outcomes at 6 
months (mean DASH 18.3 ± 15.2, 76.7% improvement) 
compared to those with a longer symptom duration (≥6 
months, n = 12; mean DASH 27.5 ± 22.4, 65.0% improvement).

Correlation analysis
A strong negative correlation was found between VAS and 
DASH scores throughout the study period (r = −0.82, P < 0.01), 
indicating that as pain decreased, functional ability improved 
proportionally.

R e s p o n d e r 
analysis
Patients were 
categorized as 
h i g h 
r e s p o n d e r s 
(DASH <15 at 
6 months, n = 
1 4 )  o r  l o w 
r e s p o n d e r s 

(DASH >30 at 6 months, n = 4). As shown in Table 3, high 
responders were significantly younger, less likely to have 
diabetes, and had a shorter duration of symptoms before 
treatment. Younger, non-diabetic patients with shorter 
symptom duration were 3.2 times more likely to achieve an 
excellent outcome (odds ratio [OR] = 3.2, 95% CI 1.4–7.1).

Time-to-improvement analysis
A Kaplan–Meier analysis demonstrated that the median time to 
achieve a DASH score <30 was 11.2 weeks. Patients with 
T2DM required 4.3 weeks longer to reach the same functional 
milestones compared to non-diabetics (log-rank P = 0.03) 
(Graph 1).

Multivariate regression
A linear regression model identified four independent 
predictors of a higher (worse) DASH score at 6 months: Older 
age (β = +0.52, P = 0.01), presence of diabetes (β = +12.7, P = 
0.003), higher baseline DASH score (β = +0.33, P = 0.04), and 
longer symptom duration (β = +1.8, P = 0.02). This model 
explained a high degree of variance in the outcome (R² = 0.71).

Discussion
The present study evaluated the efficacy of PRP injections in 
the treatment of frozen shoulder, focusing on pain reduction 
and functional improvement. The findings align with and 
expand on existing literature, demonstrating significant 
benefits of PRP therapy, particularly in specific patient 
subgroups [8]. The discussion will contextualize these results 
within the broader body of research, compare them with similar 
studies, and explore clinical implications.
Age and symptom duration also influenced outcomes. Younger 
patients (<60 years) and those with shorter symptom duration 
(<6 months) responded better, consistent with Lum et al. [16] 
and Lee et al. [17]. This underscores the importance of early 
intervention, as delayed treatment may lead to irreversible 
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Time point
Mean VAS 

score (0–10)

VAS reduction 

from baseline

Mean DASH 

score (0–100)

DASH improvement 

from baseline

Overall P -

value

Pre-treatment 8.1±0.9 – 78.5±8.2 – <0.001 

1 Week 5.6±1.5 30.90% 67.2±14.1 14.40%

1 Month 4.1±1.6 49.40% 53.6±18.9 31.70%

3 Months 2.8±1.7 65.40% 40.1±20.3 48.90%

6 Months 2.0±1.8 75.30% 21.9±19.5 72.10%

Table 2: Longitudinal changes in pain (VAS) and function (DASH) scores

VAS: Visual analog scale, DASH: Disabilities of the arm, shoulder, and hand
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capsular fibrosis, reducing PRP’s regenerative potential [14].
A key finding was the differential response based on 
comorbidities, particularly diabetes. Non-diabetic patients 
achieved 82.1% pain reduction versus 71.2% in diabetics, 
corroborating studies by Haider et al. [18] and Nudelman et al. 
[13], which identified diabetes as a negative predictor of PRP 
response. The slower recovery in diabetics (4.3 weeks longer to 
reach functional milestones) may reflect underlying 
microvascular and metabolic impairments, as discussed by 
Aslani et al. [12].
The sustained pain relief observed in our study (86.7% of 
patients achieved VAS ≤2 at 6 months) mirrors the long-term 
benefits reported by Ünlü et al. [19], where PRP showed 
superior outcomes compared to corticosteroids beyond 12 
months. This suggests that PRP may offer more durable effects, 
possibly due to its anti-inflammatory and tissue-regenerative 
properties, as highlighted by Ren et al. [10], who identified 
PRP’s role in inhibiting ferroptosis and inflammation through 
the CST1/GPX4 pathway.
The study observed a 75.3% reduction in VAS scores and a 
72.1% improvement in DASH scores at 6 months post-PRP 
treatment. These results are consistent with multiple 
randomized controlled trials (RCTs) and meta-analyses [14]. 
For instance, Yu et al. [3] reported a 68% reduction in pain 
scores and a 65% improvement in shoulder function following 
PRP injections, while Zhang et al. [5] found comparable 
outcomes in their meta-analysis of RCTs. Similarly, Lin et al. 
[20] demonstrated that PRP significantly outperformed 
placebo in pain and disability metrics, reinforcing the 
robustness of our findings. Results obtained in this study are 
genuine and may (or) may not match with the previous studies. 
Studies which have been put forth by various researches, 

comparison of their results with ours and analysis of our current 
study results are mentioned.
Physical therapy (PT) remains a cornerstone of frozen shoulder 
management. However, Thu et al. [2] found that PRP 
combined with PT yielded better outcomes than PT alone, 
suggesting a synergistic effect. Our study post-procedure PT 
such as pendulum exercise and shoulder ROM exercises 
combined PRP, the functional improvements (72.1% DASH 
score reduction) were comparable to studies employing 
multimodal approaches, such as those by Pretorius et al. [21]. 
Our results support the growing consensus that PRP is at least 
equivalent to, if not superior to, corticosteroid injections for 
frozen shoulder [9]. Barman et al. [22] and Somisetty et al. [9] 
directly compared PRP with corticosteroids, noting 
comparable short-term efficacy but superior long-term 
outcomes with PRP. This aligns with our subgroup analysis, 
where PRP’s benefits persisted at 6 months, whereas 
corticosteroids often exhibit diminishing effects after 3 months, 
as noted by Berner et al. [23]. The strong correlation between 
pain reduction and functional improvement (r = −0.82) 
suggests that PRP’s mechanism extends beyond analgesia. 
Messina et al. [6] and Carr [7] proposed that PRP modulates 
the inflammatory cascade and promotes tissue healing, which 
may explain the concurrent pain and functional benefits. In 
addition, Omid et al. [14] highlighted PRP’s role in enhancing 
collagen synthesis and capsular remodeling, further supporting 
its use in frozen shoulder.
The study’s findings are constrained by several methodological 
limitations. First, the absence of a control group or 
randomization, such as comparison with corticosteroids or a 
placebo, restricts the ability to generalize the results broadly. In 
addition, the sample size was limited to just 30 participants, 

Analysis Subgroup
VAS reduction at 

6 month
P -value

DASH improvement 

at 6 month
P -value

By comorbidity T2DM (n=23) 71.20% 0.030*    68.50% 0.021*

Non-diabetic (n=7) 82.10% 80.30%

SHTN (n=13) 70.80% 0.42 69.00% 0.38

Parameter
High responders 

(n=14)

Low responders 

(n=4)
P -value

Responder analysis Age (years) 54.2±8.1 68.5±6.3 0.002*

Diabetes, n  (%) 8 (57%) 4 (100%) 0.04*

Symptom duration (mo) 4.1±1.9 8.2±2.4 <0.001*

Baseline VAS 8.3±0.7 8.8±0.5 0.21

Table 3: Subgroup and responder analysis

VAS: Visual analog scale, SHTN: Systemic hypertension, T2DM: Type 2 diabetes mellitus, DASH: Disabilities 

of the arm, shoulder, and hand

p value <0.005 is considered statistically significant
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