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INTRODUCTION
Knee osteoarthritis (OA) is one of the most 
common degenerative disorders in older adults, 
affecting synovial joints and resulting in persistent 
pain, functional decline, and substantial economic 
burden1. The knee is frequently involved and 
exhibits progressive articular cartilage loss with 
marginal osteophyte formation, subchondral 
bone sclerosis and cysts, low-grade synovitis, and 
capsular fibrosis that restricts range of motion2. 
Diagnosis can be made clinically and supported 
by conventional radiography to grade structural 
change3 or by ultrasonography to characterize 
synovitis and osteophytes and to assist grading4.  
Globally, an estimated 528 million people lived 
with OA in 2019, with rising prevalence over 
time; women are affected more often than men, 
and nearly 45% of women over 65 years report 
symptoms, a pattern also observed in Indonesia 
(5–7). In primary care, knee OA incidence 
increased from 2.0% in 1996 to 3.6% in 2016 (8). 
The disease imposes physical and psychological 
harms and is a leading cause of disability, reduced 
mobility, and loss of independence, with major 
societal costs9.
Biomarkers provide a mechanistic lens on 
inflammatory and catabolic activity that 
drives symptoms and structural progression. 
Interleukin-1β (IL-1β) is a central upstream 
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Background
Non-operative management of knee osteoarthritis (OA) remains a significant 
challenge, primarily focusing on pain relief, functional improvement, and 
inflammation reduction. Prolotherapy has been recognized as an effective 
treatment for joint and ligament pain, with evidence supporting its ability to 
improve outcomes in knee OA. Structured physical activity also offers benefits 
in terms of mobility and function, although its effects are less pronounced when 
used in isolation, without adjunctive therapy. In knee OA, inflammation is driven 
by biomarkers such as interleukin-1 beta (IL-1β) and matrix metalloproteinase-3 
(MMP-3), which contribute to cartilage degradation. While evidence supporting 
treatments that improve both clinical and biochemical outcomes is limited, 
research on combined intervention therapies and physical activity, capable of 
impacting both clinical outcomes and biomarkers, remains inconclusive.

Objective
This study aimed to determine the effects of prolotherapy combined with 
personalized physical activity on (1) clinical outcomes, (VAS-assessed pain 
intensity, WOMAC-assessed functional status, and quality of life) and on (2) 
serum IL-1β and MMP-3 levels in patients with knee OA.

Methods
This randomized controlled trial employed a pretest–posttest nonequivalent control 
group design. A total of 74 outpatients with knee osteoarthritis (OA) who met the 
predefined inclusion criteria were recruited from the pain clinics of three hospitals 
affiliated with the Faculty of Medicine, Universitas Islam Indonesia. Participants 
underwent open-label randomization and were allocated to either the intervention or 
control arm. The intervention group received standardized prolotherapy combined 
with personalized physical activity. Clinical outcomes—functional status assessed 
using the Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) and health-related quality of life—as well as serum inflammatory 
biomarkers (interleukin-1 beta [IL-1β] and matrix metalloproteinase-3 [MMP-3]) 
were measured at baseline and following the intervention. Statistical analysis was 
conducted using paired t-tests to evaluate within-group changes and analysis of 
covariance (ANCOVA) to assess adjusted between-group effects.

Results
Participants receiving prolotherapy combined with personalized physical 
activity demonstrated statistically significant reductions in pain and functional 
impairment, improved quality of life, and significant decreases in IL-1β and 
MMP-3 levels compared with baseline and control outcomes, indicating 
simultaneous clinical and inflammatory modulation.

Conclusion
The combination of prolotherapy and personalized physical activity resulted 
in superior clinical improvement and meaningful reduction of inflammatory 
biomarkers associated with knee OA progression, supporting its potential as an 
integrative and mechanism-targeted therapeutic strategy.
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cytokine in OA pathogenesis; by binding the IL-1 
receptor, it initiates pro-inflammatory signaling that 
promotes synovitis, cartilage matrix degradation, and 
pain generation10,11. Cartilage breakdown fragments 
and enzymes—including CTX-II and matrix 
metalloproteinase-3 (MMP-3)—often rise in OA and 
correlate with inflammatory symptoms, pain, and 
structural damage12,13. Overexpression of IL-1β and 
MMP-3 has been implicated in early inflammatory 
changes and cartilage degradation; higher MMP-3 levels 
track with more severe radiographic disease13. Because 
these biomarkers change early, their measurement 
may facilitate earlier detection and provide prognostic 
information, complementing clinical and imaging 
assessments13-15.
Management includes a range of pharmacological 
interventions, interventional, and non-pharmacologic 
strategies. Nonsteroidal anti-inflammatory drugs, 
corticosteroids, opioids, and related analgesics can 
reduce pain transiently but do not modify disease course 
and carry risks, including metabolic, cardiovascular, 
bleeding, and dependence, when used long term; many 
patients remain symptomatic16-18. Interventional options 
such as intra-articular corticosteroid, hyaluronate, 
platelet-rich plasma, ozone, radiofrequency, and 
prolotherapy show heterogeneous effectiveness and 
practical trade-offs. Evidence suggests prolotherapy 
may deliver superior longer-term pain relief and 
functional improvement compared with corticosteroid, 
hyaluronate, ozone, or exercise alone, consistent with 
putative joint-stabilizing and nociceptive-modulating 
effects19-21 Technique, injection targets, and ultrasound 
guidance likely influence outcomes and may explain 
variability across trials22.
Non-pharmacologic care remains indispensable. 
Diet, weight reduction, hydrotherapy, biomechanical 
interventions, electrotherapy, diathermy, patient 
education, thermal modalities, and personalized 
physical activity provide additive benefit. Exercise 
programs consistently reduce pain and WOMAC 
scores and improve function; resistance training of 
lower-extremity musculature strengthens periarticular 
support and enhances joint stability23-25. Nevertheless, 
when compared head-to-head with interventional 
therapy, exercise alone can be less potent for short-term 
analgesia19,26

These converging lines of evidence motivate a 
mechanism-informed, integrative approach. Combining 

prolotherapy with personalized, measurable physical 
activity may address complementary pathways—
nociception, joint stability, and behavioral adaptation—
while embedding biomarker assessment with IL-1β 
and MMP-3 aligns clinical outcomes (VAS, WOMAC, 
quality of life) with inflammatory and catabolic 
modulation. This study therefore evaluates whether the 
combined strategy yields superior clinical improvement 
and favorable biomarker shifts compared with 
prolotherapy alone.

MATERIAL AND METHODS
Study design

This randomized controlled trial was approved by the 
Ethics Commission of the Faculty of Medicine, Public 
Health, and Nursing (FK-KMK) of Universitas Gadjah 
Mada, with approval number KE/FK/1000/EC/2024, 
Additionally, research permits were obtained from 
Madiun Regional General Hospital (RSUD Madiun), 
RSIY PDHI, and Ludira Husada General Hospital 
(RSU Ludira Husada) and the study was registered at 
ClinicalTrials.gov (NCT07355712). Informed consent 
was obtained from all participants. The study was 
conducted in accordance with the CONSORT reporting 
guidelines.
Sample Siza and Clinical Data

The sample size for this study was calculated using the 
formula for unpaired numerical analytical samples, with 
the calculation performed using Stata software (power 
twomeans). The following parameters were used: alpha 
= 0.05, power = 0.80, and an allocation ratio of 1.
Based on quality-of-life data from a previous study 
by Sert et al. (2020), with a mean of 52.7 (SD = 9.1) 
in the intervention group and 45.9 (SD = 10.0) in the 
control group, the minimum required sample size 
was 33 participants per group. After adding 10% to 
account for potential dropout, the final sample size 
was determined to be 74 participants  (27).  A total of 
84 participants were initially enrolled in the study, 
and 74 patients with knee osteoarthritis completed the 
follow-up process. All participants received treatment 
at the pain clinic of Madiun Regional General Hospital, 
RSIY PDHI, and Ludira Husada Hospital. These 
hospitals are affiliated with the Faculty of Medicine, 
Universitas Islam Indonesia. The data collection period 
for this study spanned from July 2024 to June 2025. 
Inclusion criteria: Adults ≥18 years with primary knee 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS


Bangladesh Journal of Medical Science Volume 25 No. 04 October 2026 ©The Ibn Sina Trust

1238

osteoarthritis (OA) diagnosed by ultrasonography who 
provided written informed consent. Participants were 
required to be cooperative and capable of complying 
with the study protocol. Exclusion criteria: A history 
of traumatic knee arthritis; knee OA associated with 
trauma, fracture, ankylosing spondylitis, or septic 
arthritis; major comorbidities significantly impairing 
quality of life (e.g., cancer, heart failure, renal failure, 
stroke); use of NSAIDs or systemic steroids within 1 
week; intra-articular corticosteroid injection within 
2 months; or current use of injectable or hormonal 
contraception. Dropout criteria: Protocol nonadherence; 
serious adverse events deemed unsafe to continue (e.g., 
joint infection); withdrawal of consent; repeated missed 
visits; death; or erroneous enrollment discovered after 
baseline.
Randomisation
This study used computer-generated randomization 
performed with Stata software to allocate participants 
into two groups. Sealed envelopes containing the 
allocation sequence were provided to both researchers 
and care providers. Participants were recruited 
consecutively. A single-blind design was applied, in 
which participants were unaware of the therapy they 
received. Each intervention was delivered individually 
in separate rooms and at different time points. On 
assessment days, physicians and laboratory technicians 
were blinded to group allocation. All data were collected 
by trained research assistants who were unaware of 
allocation status, using face-to-face interviews. An 
external staff member performed data entry to ensure 
that the statistician remained blinded during analysis. 
The randomization envelopes were opened only after 
the statistical analysis was completed
Treatment Protocols
Participants were consecutively recruited and randomly 
allocated to either the PRL treatment group (prolotherapy 
only) or the PRL + AFP group (prolotherapy combined 
with personalized physical activity). This study 
employed a single-blind design in which the outcome 
assessor was blinded to group allocation, while both 
participants and the treating physician were aware of 
the assigned intervention.. All patients who met the 
inclusion criteria received prolotherapy with a dose of 
20 mL of 15% hypertonic dextrose solution and 2 mL 
of 2% lidocaine, administered every 2 weeks for a total 
of 6 weeks. The therapy was delivered to periarticular 

regions and surrounding joint spaces, including around 
the ACL or MCL ligaments, the infrapatellar bursa, the 
iliotibial band tendon edge, and 5 mL intra-articularly, 
with ultrasound guidance over three injection sessions. 
The procedure was carried out under strict supervision, 
following sterilization protocols, and ultrasound 
guidance was used to ensure precision in the injections. 
At the same time, the PRL+AFP group, which received 
additional interventions beyond prolotherapy, also 
underwent physical therapy starting 2 days post-
injection. Exercises were performed at home under 
the guidance of trained professionals, with educational 
videos provided to the patients. The interventions 
included additional activities, such as muscle 
strengthening exercises and joint range of motion 
training, including isometric and isotonic quadriceps 
strengthening, hamstring stretching, and knee range of 
motion exercises. These exercises were conducted with 
10 repetitions per session, 3 sessions per day, 3 days per 
week. For the range of motion exercises, Patients were 
instructed to flex and extend the knee within a tolerable 
range, performing the movements consecutively. 
Patients could adjust the frequency of exercises based 
on their individual condition. All exercises were 
demonstrated to the patients in detail. 
Evaluation Parameter

Physical activity improvement in patients was measured 
through periodic observations measured through 
periodic observations, with assessments conducted four 
weeks after the intervention using several parameters, 
including the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC), the Visual 
Analog Scale (VAS), and quality of life evaluations, 
all carried out through direct patient observation. The 
initial assessment, or pretest, was conducted prior to the 
intervention to evaluate the severity of osteoarthritis 
(OA) using ultrasonography (USG), as well as to 
measure joint stiffness, pain, and functionality through 
the WOMAC index. This assessment aimed to establish 
baseline data, which would serve as a reference for 
evaluating post-intervention improvements. A clinical 
evaluation was performed to determine the baseline 
or pretest values, which included an assessment of the 
patient’s initial condition before the intervention began. 
The parameters used in this evaluation included the 
WOMAC score to assess OA symptoms such as pain, 
stiffness, and functional impairment, as well as quality 
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of life measurements using relevant instruments. 
This process ensured that observed changes after the 
intervention could be compared with the patient’s 
baseline condition, thereby allowing for an evaluation 
of the effectiveness of the treatment or intervention 
provided. The Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) was used 
as a primary parameter to assess clinical outcomes in 
both the PRL and PRL+AFP groups. WOMAC scores 
were measured at baseline (pre-test) and immediately 
following the intervention (post-test) to evaluate changes 
in pain, stiffness, and functional limitations associated 
with knee osteoarthritis. This assessment provided a 
comprehensive evaluation of the therapeutic effects in 
both groups, enabling comparisons of improvements in 
joint function and pain relief between the prolotherapy-
only (PRL) group and the combined prolotherapy and 
personalized physical activity (PRL+AFP) group. The 
use of WOMAC ensured a standardized and objective 
measure of clinical progress throughout the study
Biomarker

Peripheral venous blood samples were collected and 
analyzed both prior to treatment and 4 weeks after 
the intervention. A total of 5 mL of peripheral venous 
blood was drawn from each patient and transferred into 
serum separation tubes. The samples were allowed to 
clot at room temperature for 45 minutes, followed by 
centrifugation at 1000 x g for 15 minutes. The resulting 
serum was then separated and stored at -20°C for 
subsequent inflammatory biomarker analysis. The levels 
of interleukin-1β (IL-1β) and matrix metalloproteinase-3 
(MMP-3) in the serum were determined using the 
enzyme-linked immunosorbent assay (ELISA) method. 
For the analysis, serum, Aquabides, and ELISA kits 
from ABclonal were used, with IL-1β (Cat. No. 
RK00001, Lot No. 9680034260724) and MMP-3 (Cat. 
No. RK00308, Lot No. 9680000230724). In the ELISA 
procedure for measuring IL-1β and MMP-3, a two-fold 
dilution of the samples was applied to antibody-coated 
microplate wells. After an incubation period of 2 hours 
at room temperature, the enzyme-conjugated secondary 
antibody was added and incubated for an additional 
1-2 hours. Following five washes to remove non-
bound materials, the chromogenic substrate specific 
to the enzyme was added for color development. The 
absorbance was then measured at 450 nm using a 

microplate reader (Thermohet ), providing quantitative 
data for IL-1β and MMP-3 levels.

Statistical Analysis Methods Data analysis in this study 
was performed using statistical tests via STATA version 
16.1. Descriptive statistics were employed to present 
sample characteristics, including frequency distributions, 
means, and standard deviations for each variable. Paired 
t-tests were used to assess differences within groups. Paired 
t-tests were applied to numeric variables to compare pre- 
and post-intervention data, including pain management, 
WOMAC scores, VAS, and changes in IL-1β and MMP-
3 levels. The Shapiro-Wilk normality test determines 
whether the data are normally distributed. A p-value larger 
than 0.05 suggests that the data are normally distributed. 
In our study, the normality of numerical variables was 
assessed using the Shapiro–Wilk test. The results showed 
that all key numerical variables, including IL-1β, MMP-3, 
WOMAC scores (total, pain, function, stiffness), VAS, and 
utility values, had p-values greater than 0.05, indicating 
normal distribution. Therefore, the use of parametric tests 
such as paired t-tests and ANCOVA was appropriate. To 
adjust for pre-test differences, ANCOVA was employed 
for multivariate analysis, allowing for a more accurate 
comparison between the prolotherapy group and the 
prolotherapy combined with personalized physical activity 
group. This approach ensured the evaluation of clinical 
outcomes and biomarkers while accounting for baseline 
differences, with pre-test scores serving as covariates in 
the analysis.

RESULT
In this study, a total of 84 participants were initially 
recruited. After the screening process, 5 participants 
were excluded due to not meeting the inclusion criteria, 
resulting in 79 eligible participants at the start of the 
study. These 79 participants were then randomized 
into two groups: the control group (prolotherapy/PRL) 
and the intervention group (prolotherapy combined 
with personalized physical activity/PRL+AFP). Forty 
participants were assigned to the control group, and 39 
participants were assigned to the intervention group. 
During the study, 3 participants from the control 
group and 2 participants from the intervention group 
experienced health. The detailed participant flow, 
including recruitment, exclusion, randomization, 
and reasons for dropout, is presented in Figure 1
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Initial phase Subjects were filtered based on eligibility 
criteria(n=84)

Excluded (n=5) because of
• Subjects did not meet the inclusion 

criteria, Obesity, stroke

Randomized (N=79)

Allocated to treatment (received PRL) 
(N=40) Allocation Allocated to treatment (received 

PRL+AFP) (N=39)

Analyzed (n=37) Analyzed (n=37)

Discontinued treatment (n=3) Discontinued treatment (n=2)

Analyzed (n=37) Analyzed,Follow-Up Analyzed (n=37)

Figure 1. Consort diagram of patient enrollment and randomization process

Table 1 shows the demographic data of the participants.  
The majority of participants in this study were female 
(85.14%), while males comprised 14.86%. The largest 
age group was 60-74 years, representing 52.70% of the 
sample. The mean age for the PRL group was 65.51 ± 
9.79 years, and for the intervention (PRL+AFP) group, 
it was 61.72 ± 8.72 years. Most participants were 
employed (67.57%), with 33.43% being unemployed. 
Participants were categorized by BMI into two groups: 
‘Not Overweight’ and ‘Overweight.’ In the ‘Not 
Overweight’ category, both the PRL and intervention 

PRL+AFP groups each had 21 participants, totaling 42 
individuals, while the ‘Overweight’ category included 
16 participants in each group, totaling 32 individuals. 
Pain lasting more than 3 months due to osteoarthritis 
(OA) was reported by 89.19% of participants, with 
grade 2 OA diagnosed by ultrasound being the most 
common (91.89%). Most participants (87.84%) did not 
show any effusion. Additionally, 63.51% had no history 
of hypertension, and 79.73% had no history of diabetes 
mellitus (DM). 

Table 1. Characteristic of participant in both group at baseline

Characteristics Category Group
PRL 

Group
PRL+AFP

Sum

P value
n %

Age (years)

19–59
60–74
74–85

Mean (SD)

11
18
8

65,51±9,79

15
21
1

61,72±8,72

26
39
9

35,14
52,70
12,16

0,043*

Gender Man
Woman

1
36

10
27

11
63

14,86
85,14 0,003*

Work Not working
Work

13
24

11
26

24
50

33,43
66,57 0,619
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Characteristics Category Group
PRL 

Group
PRL+AFP

Sum

P value
n %

Duration of pain < 3 Months
>3 Months

3
34

5
32

8
66

10,81
89,19 0,454

OA Degrees
Based on ultrasound

2
3 35

2
33
4

68
6

91,89
8,11 0,394

BMI Not overweight
Overweight

21
16

21
16

42
32

56,76
43,24 1,000

Hypertension Yes
No

13
24

14
23

27
47

36,49
63,51 0,809

Diabetes Mellitus (DM) Yes
No

8
29

7
30

15
59

20,27
79,73 0,772

The Presence of Effusion Yes
No

5
32

4
33

9
65

12,16
87,84 0,722

SD Standard deviation, BMI Body mass index, OA osteoarthritis, USG Mortada(2016)  grading system, *Significance 
difference (p < 0.05) 

Clinical outcomes and biomarkers of participants 
before and after treatment in patients

This study provides data comparing clinical outcome 
parameters and biomarkers before and after the 
intervention in both the control and intervention groups. 
As shown in Table 2, clinical outcomes and biomarkers 
were evaluated for both groups. In the control group, 
significant reductions were noted in several parameters, 
especially IL-1β, which decreased from 92.64 pg/mL 
to 61.90 pg/mL (p < 0.05). This significant change 
indicates a notable reduction in inflammation, although 
the MMP-3 biomarker did not show significant changes 
(p > 0.05), with MMP-3 decreasing from 2.04 ng/
mL to 1.62 ng/mL. The WOMAC total score showed 
more significant results, with the WOMAC pain 
score improving from 9.70 to 7.16 and the WOMAC 
function score improving from 42.43 to 28.70, 
indicating a substantial clinical improvement (p < 
0.05). Additionally, the WOMAC stiffness parameter in 
the control group showed a significant decrease from 
4.81 to 2.95, indicating a reduction in joint stiffness that 
contributed to improved patient mobility. Regarding 
quality of life parameters, both the VAS and utility scores 

showed significant improvements post-intervention. 
The VAS score decreased significantly from 0.70 
to 0.34, and the utility score increased from 0.67 to 
0.74, with a significant p-value (0.0036), reflecting an 
improvement in patients’ perceived quality of life as 
indicated by the utility score. In the intervention group, 
the observed results demonstrated greater changes 
compared to the control group. All parameters analyzed 
in the intervention group showed significant reductions, 
with p-values <0.05 for IL-1β, MMP-3, WOMAC total, 
and subcomponents of WOMAC such as pain, function, 
and stiffness. Interleukin-1β showed a significant 
decrease from 106.02 pg/mL to 57.21 pg/mL (p < 0.05), 
indicating a greater reduction in inflammation in the 
PRL+AFP intervention group. The average reduction 
in the MMP-3 biomarker in the PRL+AFP intervention 
group decreased from 2.95 ng/mL to 2.38 ng/mL, 
although it was not statistically significant (p > 0.05). 
This suggests that the PRL+AFP intervention may 
help lower inflammatory biomarkers, which could be 
associated with improvement in joint conditions

https://www.ibnsinatrust.com/Medical_College_Hospital.php
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Table 2. Comparison  clinical outcomes and biomarkers in the two participant groups

Parameters Baseline, mean ± SD Post-intervention, 
mean ± SD

Change(Δ), mean 
± SD

p-value (within-
group)a

p-value (between-
group)b

IL-1β (pg/mL) 0,2613

Group PRL 92,64 ± 60,50 61,90 ± 57,95 30,74 ± 46,65 0,0003*

Group PRL + AFP 106,03 ± 70,73 57,21 ± 43,87 48,82 ± 60,43 <0,0001*

MMP-3 (ng/mL) 0,0476*

Group PRL 2,04 ± 1,42 1,62 ± 0,98 0,42± 1,77 0,1598

Group PRL + AFP 2,95 ± 1,93 2,38 ± 1,76 0,57 ±  2,43 0,1621

WOMAC total 0,0089*

Group PRL 57,49 ± 16,72 38,57 ± 15,16 18,92 ± 11,20 <0,0001*

Group PRL + AFP 50,32 ± 17,48 28,30 ± 11,30 22,03 ± 18,11 <0,0001*

WOMAC Pain 0,0118*

Group PRL 9,70 ±  3,64 7,16 ± 3,25 2,54 ± 1,30 <0,0001*

Group PRL + AFP 9,00 ± 3,58 5,78 ± 2,96 3,22 ± 1,84 <0,0001*

WOMAC Function 0,0152*

Group PRL 42,43 ± 12,19 28,70 ±  12,21 13,73 ±  10,15 <0,0001*

Group PRL + AFP 37,35 ±  14,34 21,08 ± 9,75 16,27 ± 16,95 <0,0001*

WOMAC Stiffness <0,0001*

Group PRL 4,81 ± 1,88 2,95 ± 1,61 1,86 ± 0,95 <0,0001*

Group PRL + AFP 3,86 ± 2,29 1,43 ± 1,19 2,43 ± 1,82 <0,0001*

Qualty Of Life

VAS/pain 0,9183

Group PRL 0,70 ± 0,18 0,34 ± 0,16 0,36 ± 0,13 <0,0001*

Group PRL + AFP 0,65 ± 0,19 0,31 ± 0,16 0,33 ± 0,19 <0,0001*

Utility 0,0215*

Group PRL 0,67 ± 0,11 0,74 ± 0,10 -0,07 ± 0,14 0,0036*

Group PRL + AFP 0,68 ± 0,13 0,79 ± 0,10 -0,11 ± 0,14 <0,0001*

SD Standard deviation; *: Significance difference (p < 0.05, apaired t test, banalysis of covariance (covariate) test
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Table 2. Comparison of clinical and biomarker responses 
between the control group (PRL monotherapy) and 
intervention group (PRL+AFP combination). Within-
group analyses:  Both treatment arms demonstrated 
significant improvements from baseline across most 
clinical outcomes and biomarkers, confirming the 
effectiveness of both approaches in reducing symptoms 
and modulating biological responses. Between-group 
analyses: The PRL+AFP combination showed superior 
efficacy compared to PRL monotherapy, particularly for 
total WOMAC score (p=0.0089), WOMAC function 
(p=0.0153), WOMAC stiffness (p<0.001), and utility 
score (p=0.0215). Additionally, the combination led 
to a greater reduction in MMP-3 levels (p=0.0476), 
reflecting enhanced inhibition of extracellular 
matrix degradation. Non-significant between-group 
differences:  Both treatments effectively reduced VAS 
pain scores and IL-1β levels; however, no statistically 
significant differences were observed between groups 
(VAS: p=0.9183; IL-1β: p=0.2613), indicating that the 
addition of AFP to PRL does not provide extra benefit 
for these outcomes Safety monitoring. All participants 
were closely monitored by the research team throughout 
the observation period for pain complaints, need for 
paracetamol analgesia, and any adverse reactions. No 
adverse effects were reported. Only ten participants 
required a single 500 mg dose of paracetamol, which 
was taken on the second day

DISCUSSION
Pain, as a critical parameter for assessing therapeutic 
success in knee osteoarthritis (OA), remains a primary 
issue in treatment management. The pain experienced 
by patients is often the leading reason individuals seek 
medical intervention, as it significantly impacts their 
quality of life and functional capacity. Prolotherapy has 
emerged as an effective therapeutic approach to alleviate 
pain in OA conditions. The combination of PRL + AFP 
intervention can offer a synergistic effect in non-surgical 
knee OA management, where prolotherapy helps reduce 
pain, inflammation, and stimulates the body’s natural 
healing processes, while personalized physical activity 
strengthens muscles and improves joint mobility. 
Although both interventions provide significant 
individual benefits, their combination appears to deliver 
more optimal results in managing knee OA. This aligns 
with the OARSI recommendations, which emphasize 
structured exercise as a cornerstone of non-surgical knee 
OA therapy (23). Personalized physical activity plays a 

crucial role in knee OA management as it can strengthen 
the muscles around the joint, improve flexibility, and 
reduce the load on the affected joint. In this study, the 
personalized physical activity intervention, consisting 
of quadriceps strengthening exercises and flexibility 
training, is expected to reduce the load on the knee joint 
and enhance its function. Recent meta-analysis findings 
show that aerobic exercises, such as Pilates, are most 
effective in improving pain and function (28), while 
both isokinetic and isotonic resistance exercises provide 
significant benefits(24). A study by Huang et al. (2024) 
suggests that moderate-intensity recreational physical 
activities, such as cycling, have a protective effect 
against OA risk, whereas low-intensity occupational 
physical activity may increase OA risk. These findings 
underscore the importance of selecting appropriate 
types and intensities of physical activity for individuals 
with OA (29), with combined interventions likely 
yielding better outcomes. In this study, pain assessment 
was performed using the commonly used Western 
Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC). This instrument has been proven to 
be valid and reliable in measuring pain intensity and 
physical function in OA patients. The findings of this 
study indicate that participants receiving the PRL + 
AFP combination intervention were more effective 
in reducing pain, as measured by WOMAC pain, 
WOMAC function, and WOMAC stiffness, compared 
to participants who only received PRL. These results 
are consistent with previous studies, which showed that 
prolotherapy provides therapeutic benefits in reducing 
pain in knee OA (19,30), particularly in patients with 
grade 2 OA. A study by Dumais et al. (2013) also 
reported that participants receiving the combination 
therapy initially showed a significant reduction in 
pain compared to those who started with exercise and 
received prolotherapy later (26). Interestingly, the 
combination of prolotherapy with personalized physical 
activity showed better results compared to prolotherapy 
alone, emphasizing the important role of physical 
activity in enhancing the effects of prolotherapy. 
Physical activity helps improve muscle strength and 
joint stability, reducing the load on the knee joint and 
alleviating pressure on the inflamed tissues.
The quality of life of knee osteoarthritis (OA) 
participants was assessed using the EQ-5D-5L 
instrument before and after the intervention. This 
instrument provides an overview of participants’ quality 
of life from the perspective of VAS and utility, both of 
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which have been validated in Indonesia. Analysis of the 
EQ-5D-5L results showed significant improvements 
across all domains in both the control and intervention 
groups. However, participants receiving the PRL+AFP 
intervention showed a more pronounced improvement 
in quality of life compared to those who only received 
PRL, particularly in the domains of mobility, usual 
activities, and anxiety/depression. This aligns with 
findings from Lim et al. (2020), which reported that 
structured physical exercise improves the psychosocial 
aspects of OA patients by enhancing self-confidence and 
functional independence (31). The multimodal approach 
showed better outcomes than a single approach because 
it combines physical improvements with support for 
mental health and holistic quality of life in knee OA 
patients. Significant improvements in domains such 
as daily activities, mobility, and anxiety/depression in 
this study reflect the holistic effects of the multimodal 
intervention, similar to findings from Huang (2024), 
who noted that physical activity was correlated with 
overall quality of life changes in knee OA patients (29).  
Based on the findings of Amin et al. (2021), physical 
activity is recommended for musculoskeletal disorders 
due to its effectiveness, comparable long-term outcomes 
to surgery, and its ability to prevent disease progression 
(32). A growing body of evidence, including the findings 
of Rajalaxmi et al. (2021), supports the use of structured 
personal physical activity as a first-line, non-invasive, 
and cost-effective strategy for managing adhesive 
capsulitis, and by extension, other musculoskeletal 
disorders characterized by pain and restricted mobility. 
In particular, dynamic exercise protocols combined 
with stretching have demonstrated notable efficacy 
(33). This therapeutic rationale extends to patients 
with knee osteoarthritis who experience joint stiffness 
and functional limitations. In such cases, interventions 
incorporating quadriceps strengthening, range of 
motion exercises, and stretching of the hamstrings and 
quadriceps muscles have been consistently associated 
with superior functional outcomes, including enhanced 
walking capacity, easier stair climbing, improved sit-
to-stand transitions, and a reduced likelihood of falls. 
The findings of this study, in conjunction with previous 
multimodal research, demonstrate that the combination 
of PRL + AFP intervention is effective in improving 
the quality of life of knee OA patients. Findings from 
this study indicate that participants receiving PRL 
+ AFP demonstrated a reduction in inflammatory 
biomarkers. The mechanism underlying this reduction 

in inflammation can be attributed to decreased pro-
inflammatory cytokine activity—an effect well 
documented in previous research—and possibly to 
increased activity of anti-inflammatory mediators. 
Personalized physical activity, as part of the combined 
prolotherapy and AFP intervention, aims to strengthen 
the muscles surrounding the knee joint, thereby reducing 
joint load and decreasing inflammatory stimulation. The 
significant reduction in IL-1β observed in both groups 
supports the anti-inflammatory effects of prolotherapy. 
However, no statistically significant difference was 
found between the two groups indicating that the 
addition of AFP to PRL did not provide additional 
IL-1β suppression.. In contrast, MMP-3 decreased 
significantly only in the intervention group. This finding 
can be explained by the synergistic effects between the 
injection—which reduces inflammation and promotes 
tissue remodeling—and physical activity, which 
stimulates mechanical improvement and metabolic 
modulation of the tissue.  In a study conducted by Topol 
et al. (2022), alterations in neurocytokine levels and 
MMP-3 biomarkers were observed in grade-IV pain 
profiles following dextrose prolotherapy. Additionally, 
experimental studies on animal models have shown 
that intra-articular lubrication fluid can directly reduce 
the expression of both IL-1β and MMP-3, highlighting 
its potential in modulating inflammatory markers in 
joint tissue (34,35). Taken together, the substantial 
reduction in IL-1β observed in both groups, coupled 
with the significant decrease in MMP-3 only in the 
intervention group, can be explained by the anti-
inflammatory effects of prolotherapy, which reduces 
the expression of pro-inflammatory cytokines such as 
IL-1β  (36). Personalized physical activity may offer 
additional benefits by inhibiting the degradation of the 
extracellular matrix through the regulation of MMP-
3. Previous research has shown that prolotherapy can 
modulate inflammatory biomarkers associated with OA, 
including pro-inflammatory cytokines (34). The present 
findings further support these results, providing strong 
evidence that the combination of physical activity 
and prolotherapy enhances the regulation of harmful 
biomarkers such as MMP-3.

CONCLUSION
The combination of prolotherapy and personalized 
physical activity demonstrated significant 
improvements in key outcomes, including a 
reduction in MMP-3 levels, pain alleviation, 
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enhanced functional capacity, and improvements in 
stiffness and health-related quality of life (utility), 
compared to the group receiving only prolotherapy. 
These findings suggest that the synergistic effects of 
prolotherapy and personalized physical activity may 
offer a more comprehensive approach to managing 
knee osteoarthritis. Despite these promising results, 
no significant differences were observed between 
the groups in terms of the like IL-1β biomarker 
or quality of life as measured by the Visual Analog 
Scale (VAS), indicating that further investigation of 
these biomarkers is necessary to fully understand 
their role in treatment outcomes. Moreover, this 
study emphasizes the importance of considering both 
biological markers and functional outcomes when 
evaluating the effectiveness of combination therapies. 
Overall, this research provides valuable insights into 
the potential benefits of integrating prolotherapy with 
personalized physical activity in the management 
of knee osteoarthritis, and it suggests directions for 
future research aimed at refining therapeutic strategies 
for this prevalent condition.
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