Am J Transl Res 2026;18(6):5368-5378
www.ajtr.org /ISSN:1943-8141/AJTRO172665

Original Article

Effects of platelet-rich plasma-assisted arthroscopic
debridement plus microfracture surgery on visual
analogue scale scores and cartilage repair
indicators in early-stage knee osteoarthritis

Haolin Zhou, Qiongmei Zhang, Daoxiong Li, Qingchun Liu

Department of Orthopedics, Liqun Hospital, Putuo District, Shanghai 200333, China
Received March 16, 2026; Accepted April 24, 2026; Epub June 15, 2026; Published June 30, 2026

Abstract: Objective: To retrospectively analyze the clinical effects of platelet-rich plasma (PRP)-assisted knee-pre-
serving surgery in early-stage knee osteoarthritis (KOA). Methods: Sixty-nine patients with early-stage KOA were
enrolled and assigned to either a PRP-assisted surgery group or a surgery-only group. The following parameters
were collected: visual analogue scale (VAS) scores; serum cartilage repair markers [transforming growth factor-f1
(TGF-B1), insulin-like growth factor-1 (IGF-1), matrix metalloproteinase-13 (MMP-13)]; synovial fluid inflammation
and oxidative stress markers [superoxide dismutase (SOD), nitric oxide (NO)]; knee society score (KSS score); knee
joint range of motion (ROM); and adverse reactions (ARs). Results: Compared with the surgery-only group, postop-
erative VAS scores, MMP-13, synovial fluid inflammatory markers, NO, and extension in the PRP-assisted surgery
group were notably lower, and postoperative TGF-B1, IGF-1, SOD, KSS, flexion, internal rotation, and external rotation
were notably higher. There were no significant differences in the rates of excellent/good response or overall ARs
between the two groups. Conclusion: PRP-assisted knee-preserving surgery significantly alleviates pain symptoms
in patients with early-stage KOA, promotes cartilage repair, suppresses synovial inflammation and oxidative stress,
improves knee function and knee ROM, and demonstrates good safety.
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Introduction

Knee osteoarthritis (KOA) is a chronic joint dis-
ease characterized by articular cartilage degen-
eration and bone proliferation. It is the most
common form of osteoarthritis (OA) and a major
cause of disability in middle-aged and elderly
individuals [1]. With the acceleration of global
aging and the increasing prevalence of obesity,
the incidence of KOA is on the rise [2]. According
to the 2024 Global Burden of Disease, Injury,
and Risk Factors Study, 60-85% of the global
burden of OA stems from KOA [3]. In China,
approximately 50% of individuals aged >60
exhibit radiographic evidence of OA on X-rays,
with 30-50% presenting clinical symptoms, and
OA is projected to become the fourth leading
cause of disability [4].

The primary symptoms of KOA include knee
pain, tenderness, stiffness, swelling, limited

mobility, and deformity, significantly impairing
patients’ quality of life and potentially increas-
ing the incidence of cardiovascular events [5].
Currently, KOA treatment options are diverse.
Early-stage management often involves non-
surgical approaches such as physical therapy,
exercise therapy, weight control, and medica-
tion (including nonsteroidal anti-inflammatory
drugs, corticosteroids, antidepressants, and
drugs that inhibit cartilage degradation). How-
ever, these methods primarily alleviate pain
and improve function without fundamentally
repairing damaged articular cartilage [6]. For
early- to early-mid-stage KOA patients with lim-
ited local cartilage or meniscus injury who fail to
respond to standard conservative treatment
and are classified as Kellgren Lawrence grade
I-1l (or some grade lll cases without significant
alignment deformity), arthroscopic debride-
ment combined with microfracture is commonly
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selected as a knee-preserving treatment option
[7]. Advanced-stage patients often require to-
tal knee arthroplasty. However, this surgery
presents challenges like difficulty in prosthesis
positioning, high technical complexity, signifi-
cant trauma, and postoperative complications
[8l.

Platelet-rich plasma (PRP) has received wide-
spread attention in orthopedics in recent years
as an emerging treatment method. PRP is a
platelet-concentrated solution extracted from
autologous whole blood via centrifugation, con-
taining platelets, leukocytes, and fibrin at high
concentration [9]. Platelets are rich in growth
factors such as platelet-derived growth factor
(PDGF), transforming growth factor-B (TGF-p),
and insulin-like growth factor-1 (IGF-1), which
play crucial roles in self-healing and repair pro-
cesses within the body [10]. In KOA treatment,
PRP stimulates synovial cells to secrete endog-
enous hyaluronic acid to alleviate joint pain,
acts on meniscus cells to enhance their surviv-
al capacity to promote meniscus repair, and
facilitates the proliferation of knee joint chon-
drocytes and the secretion of extracellular
matrix to repair damaged articular cartilage
[11]. Simultaneously, it exerts anti-inflammato-
ry and analgesic effects by regulating inflam-
matory mediators within the joint cavity. Mul-
tiple studies have shown that PRP has a posi-
tive effect in promoting fracture healing and
soft tissue repair [12, 13].

Clinical studies on PRP combined with knee-
preserving surgery for early KOA have been
reported, but most of them focus on clinical
efficacy observation. This study innovatively
measured serum levels of TGF-B1, IGF-1, and
matrix metalloproteinase-13 (MMP-13) to ex-
plore the potential molecular mechanisms by
which PRP-assisted surgery promotes cartilage
repair and inhibits degradation. This provides
biological evidence for its “repair - anti-inflam-
matory - analgesic” multifunctional effects, fur-
ther optimizes treatment regimens for early
KOA, and deeply explores the impacts of PRP-
assisted knee-preserving surgery on pain relief
and cartilage repair in early KOA patients, which
holds great significance for enhancing patient
quality of life. The findings are reported as
follows.
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Materials and methods
Study subjects

This is a retrospective study. From January
2024 to March 2025, 69 patients with early-
stage KOA admitted to the Orthopedic Depart-
ment of Liqun Hospital, Putuo District were
enrolled. They were divided into a PRP-assisted
surgery group (n = 35) and a surgery-only group
(n = 34). Baseline data (age, gender, Body Mass
Index (BMI), Kellgren-Lawrence grading, etc.)
were collected, as well as preoperative Visual
Analogue Scale (VAS) scores, serum cartilage
repair markers, and KSS scores, to ensure
intergroup balance. This study was approved by
the Ethics Committee of Liqun Hospital, Putuo
District.

Sample size was calculated based on core out-
come measures: taking improvement in VAS
scores at 6 months postoperatively as the pri-
mary endpoint, with an expected difference
between the PRP group and the surgery-only
group of approximately 1.5 points, a standard
deviation of 1.2 points, Cohen’s d of 1.25 (mod-
erate effect), a = 0.05 (two-tailed), and B =
0.10 (90% power), the calculated sample size
using the two-sample t-test formula yielded a
theoretical value of 27 cases. Accounting for a
20% dropout rate and Bonferroni correction for
multiple comparisons (x adjusted to 0.01), the
corrected sample size required approximately
50 cases. To account for patient heterogeneity
and ensure robust results, the sample size was
expanded to 69 cases to ensure >90% test
power and enhance the reliability of conclu-
sions.

Individuals who met the following inclusion
criteria were eligible for the study: aged 45-
75 years; meeting the diagnostic criteria for
KOA established by the American College of
Rheumatology (ACR); Kellgren-Lawrence grade
I-1ll; knee joint pain lasting >3 months; volun-
tarily signing the informed consent form.

Individuals who met any of the following exclu-
sion criteria were excluded from the study:
complicated with severe dysfunction of heart,
liver, kidney, or other organs; with knee joint
infection, tumor, trauma, or other conditions;
with abnormal coagulation function or under
anticoagulant treatment; allergic to PRP; receiv-
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ing knee joint injection treatment or surgery
within the past 6 months.

Specific criteria for Kellgren-Lawrence Grades
I-1ll [14]. Grade |: Doubtful joint space nar-
rowing; minimal/doubtful osteophytic lipping.
Grade II: Definite osteophytes; normal or pos-
sible joint space narrowing; no obvious sclero-
sis. Grade lll: Multiple osteophytes, definite
joint space narrowing, sclerosis, and possible
deformity of bone ends.

Treatment method

The surgery-only group underwent knee-pre-
serving surgery. For arthroscopic debridement
combined with microfracture surgery, the pa-
tient was positioned supine. Following continu-
ous epidural anesthesia, routine sterilization
and draping were performed. Anteromedial and
anterolateral approaches to the knee joint were
established. Arthroscopic exploration of the
knee joint was conducted to remove loose bod-
ies, proliferative synovium, and degenerative
cartilage fragments. Microfracture was per-
formed on areas of cartilage defect using a
microfracture cone to create subchondral bone
drill holes with 3-4 mm spacing and a depth of
approximately 3-4 mm until blood exudation
occurred.

The PRP-assisted surgery group received addi-
tional knee-preserving surgery with PRP thera-
py, as follows:

(1) PRP preparation: 40 mL of venous blood
was drawn from the patient into a sodium
citrate anticoagulant tube (Shanghai Kindly;
specification: 10 mL x 50 tubes; batch No.:
20240301). PRP was prepared using the two-
step centrifugation method (centrifuge: Xiangyi
H1850; centrifuge radius: 12 cm): First centrif-
ugation was performed at 1200 g x 10 min
(centrifuge radius: 12 cm) to separate the plas-
ma layer from the red blood cell layer, and the
plasma was transferred to a new centrifuge
tube. Second centrifugation was performed at
3000 g x 10 min (centrifuge radius: 12 cm).
The upper platelet-poor plasma (PPP) layer was
discarded and the lower sediment layer was
retained as PRP. Platelet concentration was
determined using the Sysmex XN-9000 fully
automated hematology analyzer (Sysmex Cor-
poration, Japan), which was required to be 3-5
times the baseline value (baseline platelet con-
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centration: approximately 150-350 x 10°%L;
PRP platelet count: 450-1750 x 10°/L). No cal-
cium or thrombin activators were added to pre-
serve the natural release process of platelet-
derived growth factors.

(2) Injection regimen: At the conclusion of sur-
gery, 2 mL of PRP was injected into the knee
joint cavity via intra-articular puncture. Injec-
tions were repeated at 1 month and 2 months
postoperatively, totaling 3 injections. This regi-
men references the Consensus on Platelet-Ri-
ch Plasma Therapy for KNEE OSTEOARTHRITIS
in China (2023), as multiple injections enable
sustained release of growth factors to promo-
te cartilage repair. The control group received
an equivalent volume of 0.9% sodium chloride
injection (Huaren Pharmaceutical; specifica-
tion: 10 mL:90 mg; batch No.: 20240215) to
exclude placebo effects.

(3) Follow-up design: Follow-up was conducted
at 6 months postoperatively (primary endpoint),
with an extension to 12 months postoperatively
to evaluate long-term efficacy.

Outcome measures

(1) Pain assessment: The VAS was employed to
assess knee pain severity preoperatively and
at 3 months and 6 months postoperatively.
Scores range from O (no pain) to 10 (severe
pain).

(2) Serum cartilage repair marker measure-
ment: 5 mL of fasting venous blood was drawn
from patients preoperatively and at 6 months
postoperatively. The blood was placed in pro-
coagulation tubes containing separation gel
(BD; batch No.: 20240508) and then separated
by centrifugation at 3000 g for 10 minutes
(centrifuge: Xiangyi H1850; No.: 20230612) to
obtain serum. The levels of TGF-B1, IGF-1, and
MMP-13 were measured by enzyme-linked im-
munosorbent assay (ELISA). All kits were pur-
chased from Cusabio Technology LLC., with
batch Nos. of HMY00724, HMY01124, and
HMY02324, respectively. Procedures were per-
formed in strict accordance with kit instruc-
tions. To further validate cartilage structural re-
pair, some patients (10 patients selected from
each group) underwent knee joint Magnetic
Resonance Imaging (MRI) examination (Siem-
ens 3.0T MRI; model: MAGNETOM Skyra) at 6
postoperatively. The T2 mapping sequence was
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used to evaluate the cartilage defect area and
signal intensity changes. Two senior radiolo-
gists (each with over 10 years of experience in
musculoskeletal diagnosis) independently re-
viewed the images and averaged their assess-
ments.

(3) Comparison of synovial fluid inflammation
markers. Synovial fluid was collected from each
group preoperatively and at 6 months postop-
eratively. After centrifugation at 4000 r/min for
10 minutes at a radius of 10 cm, the superna-
tant was obtained and stored at -70°C for sub-
sequent analysis. ELISA was used to determine
the levels of interleukin (IL)-1B and tumor ne-
crosis factor (TNF)-«a in the synovial fluid.

(4) Measurement of synovial fluid oxidative
stress markers. Superoxide dismutase (SOD)
and nitric oxide (NO) levels were measured pre-
operatively and at 6 months postoperatively
using colorimetric and nitrate reductase as-
says, respectively.

(5) Knee function assessment: Knee function
was evaluated using the Knee Society Score
(KSS) by uniformly trained orthopedic surgeons
(training included KSS scoring criteria, opera-
tional procedures, and consistency verification)
preoperatively and at 6 months postoperative-
ly. This scale was established by the American
Knee Society in 1989 (Insall JN, et al. J Bone
Joint Surg Am. 1989; 71(5): 778-783). It com-
prises a knee joint score (scored from 0 to 100,
assessing pain, range of motion (ROM), and
stability) and a function score (scored from O to
100, assessing walking distance, stair climbing
ability, etc.). Scoring criteria: Excellent (scores
>90), Good (scores 80-89), Fair (scores 70-79),
Poor (scores <70). Scale reliability: Cronbach’s
o = 0.85. Validity was validated via structural
equation modeling (Goodness-of-Fit Index (GFI)
=0.92, Adjusted Goodness-of-Fit Index (AGFI) =
0.88). To minimize subjective bias, walking dis-
tance in the function score was measured
using a stopwatch during a 50-meter walk test.
Stair climbing ability was assessed by timing
the ascent of five standardized steps (15 cm
height, 30 cm width) and the need for handrail
assistance. Data were recorded simultaneous-
ly and cross-checked by two research assis-
tants.

(6) Knee ROM. ROM was measured preopera-
tively and at 6 months postoperatively using a
goniometer, including flexion, extension, inter-
nal rotation, and external rotation.
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(7) Safety assessment: Postoperative adver-
se reactions (ARs) in both groups were record-
ed, including local redness and swelling, pain
aggravated, infection, and allergy.

Statistical methods

Data analysis was performed using SPSS 26.0
statistical software. The measurement data
were verified for normality by the Shapiro-Wilk
test (P>0.05, conforming to normal distribu-
tion), and expressed as mean + standard devia-
tion (x £ sd). For measurement data at multiple
time points, repeated measures analysis of va-
riance (RM-ANOVA) was conducted first. In ca-
se of significant time effects or intergroup inter-
action effects, the Bonferroni correction was
adopted for post hoc multiple comparisons.
The independent sample t-test was applied for
intergroup comparison at the same time point,
and the paired t-test for intragroup comparison
at different time points. Counting data were
expressed as number of cases or percentage,
with intergroup comparisons made using the x?
test or Fisher’s exact test (if the theoretical fre-
quency was <5). P<0.05 was considered statis-
tically significant.

Results
Baseline data analysis

For baseline characteristics including age, gen-
der, BMI, Kellgren-Lawrence grading, preopera-
tive VAS score, serum cartilage repair markers,
and knee function KSS score, no substantial
differences were seen between the PRP-as-
sisted surgery group and the surgery-only group
(all P>0.05), indicating a favorable intergroup
balance (Table 1).

Pain score

The PRP-assisted surgery group exhibited nota-
bly lower VAS scores at both 3 and 6 months
postoperatively than the surgery-only group
(P<0.001), demonstrating a marked advantage
of PRP-assisted therapy in pain relief (Table 2).

Cartilage repair markers

At 1, 3, and 6 months postoperatively, serum
levels of pro-cartilage repair factors (TGF-B1,
IGF-1) were notably higher in the PRP-assisted
surgery group relative to the surgery-only group,
while levels of the cartilage degradation factor
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Table 1. Comparison of baseline data

Item surg._f,<|3:>rF;/F:gflosusnlas(tr(?d= 35) g?cizie(rny: f;"i’l) vx P
Age (years) 62.3+5.8 61.7 £ 6.2 0.415 0.679
Gender (male/female) 12/23 10/24 0.189 0.664
BMI (kg/m?) 258+ 3.1 26.1+29 0.415 0.680
Kellgren-Lawrence grading 0.337 1.000

Grade | 15 (42.9) 14 (41.2)

Grade Il 18 (51.4) 17 (50.0)

Grade llI 2 (5.7) 3(8.8)
Preoperative VAS score 6.8+1.2 6.6+1.3 0.664 0.509
Preoperative TGF-B1 (ng/mL) 21.2+3.5 20.8+3.8 0.455 0.651
Preoperative IGF-1 (ng/mL) 32.7+51 33.1+49 0.332 0.741
Preoperative MMP-13 (ng/mL) 26.5+4.2 259+45 0.573 0.569
Preoperative KSS score 65.2+73 64.8 £ 6.9 0.234 0.816

Note: PRP, platelet-rich plasma; BMI, Body Mass Index; VAS, Visual Analogue Scale; TGF-B1, transforming growth factor-B1; IGF-
1, insulin-like growth factor-1; MMP-13, matrix metalloproteinase-13; KSS, knee society score.

Table 2. RM-ANOVA for postoperative VAS scores

] ) Number Mean + SD F P Intergroup
Time point Group . . .
of subjects (points) value value comparison (LSD test)
3 months postoperatively PRP-assisted surgery group 35 41+1.2 15.032 <0.001 PRP-assisted surgery group <
surgery-only group
Surgery-only group 34 +15 (P<0.001)
6 months postoperatively PRP-assisted surgery group 35 32+1.0 26.287 <0.001 PRP-assisted surgery group <
surgery-only group
Surgery-only group 34 46+13 (P<0.001)

Time effects

Interaction effects

48.519 <0.001 6 months postoperatively <3
months postoperatively

3.147 0.079 No significant interaction between
groups and time

Note: PRP, platelet-rich plasma; RM-ANOVA, Repeated Measures Analysis of Variance; LSD, Least Significant Difference.

Table 3. Comparison of serum cartilage repair markers at different postoperative time points

ltem Group Numper 1 month 3 months 6 months F value P value
of subjects postoperatively postoperatively postoperatively

TGF-B1 (ng/mL)  PRP-assisted surgery group 35 241 +3.8 26.8 + 4.0* 28.5 + 4.2% 10.75 <0.001
Surgery-only group 34 21.5+3.3 223+35 221 +3.7 0.47 0.625

IGF-1 (ng/mL) PRP-assisted surgery group 35 38.9+5.6 42.7 +6.1* 45.6 + 6.8%* 10.33  <0.001
Surgery-only group 34 345+5.0 36.1+5.3 382+55 4.21 0.018

MMP-13 (ng/mL) PRP-assisted surgery group 35 22.3+3.6 20.5 + 3.3* 18.7 + 3.1*2 10.17  <0.001
Surgery-only group 34 251 +4.1 24.3 +£3.9 23.5+39 1.38 0.256

Note: PRP, platelet-rich plasma; TGF-B1, transforming growth factor-B1; IGF-1, insulin-like growth factor-1; MMP-13, matrix metalloproteinase-13. *P < 0.05 vs. 1 month

postoperatively; *P < 0.05 vs. surgery-only group.

(MMP-13) were notably lower (P<0.05), sug-
gesting that PRP modulates the balance be-
tween cartilage repair and degradation (Table
3).

In comparison to the surgery-only group, the
PRP-assisted surgery group exhibited consider-
ably smaller cartilage defect area (P<0.001)
and lower T2 signal intensity (P<0.001), indicat-
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ing that PRP-assisted therapy effectively pro-
motes cartilage structural repair and improves
cartilage degeneration (Table 4).

Synovial fluid inflammation
Preoperatively, no considerable intergroup dif-

ferences were observed in synovial fluid inflam-
mation markers (IL-13, TNF-a) (P>0.05). At 6
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Table 4. Knee MRI cartilage repair assessment results at 6 months postoperatively

Iltem Group Number of subjects Mean +SD tvalue Pvalue

Cartilage defect area PRP-assisted surgery group 10 12.5+ 3.8 3.44 0.003
Surgery-only group 10 189+4.5

T2 signal intensity PRP-assisted surgery group 10 452 +5.1 5.27 <0.001
Surgery-only group 10 58.7 + 6.3

Note: MRI, Magnetic Resonance Imaging; PRP, platelet-rich plasma.
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At 6 months postoperatively,
SOD levels in the PRP-assisted
surgery group were elevated
and higher than those in the
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levels were reduced and lower
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Figure 1. Comparison of synovial fluid inflammation preoperatively and at
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Figure 2. Comparison of synovial fluid oxidative stress preoperatively and
at 6 months postoperatively. A. SOD preoperatively and at 6 months post-
operatively. B. NO preoperatively and at 6 months postoperatively. Note:
**P<0.01, *P<0.05, compared with before surgery; #P<0.05, compared
with the control group. SOD, superoxide dismutase; NO, nitric oxide; PRP,

platelet-rich plasma.

months postoperatively, all synovial fluid inflam-
mation markers in the PRP-assisted surgery
group were significantly reduced and lower
than those in the surgery-only group, demon-
strating the effects of PRP in suppressing syno-
vial fluid inflammation (Figure 1).

Synovial fluid oxidative stress

Preoperatively, no remarkable intergroup di-
fferences were observed in oxidative stress
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[] PRP-assisted surgery group
1 surgery-only group

Knee ROM

There was no considerable
intergroup difference in knee
ROM (flexion, extension, inter-
nal rotation, and external
rotation) preoperatively (P>
0.05). At 6 months postopera-
tively, the PRP-assisted sur-
gery group demonstrated significantly increa-
sed ROM in flexion, internal rotation, and exter-
nal rotation relative to the surgery-only group;
the ROM in extension was notably reduced and
lower than that in the surgery-only group. These
data indicate that PRP effectively improves
knee ROM (Figure 3).

Safety

No serious ARs occurred in either group. The
number of infections, allergies, and minor reac-
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Table 5. Comparison of knee function scores and excellent/good rate at 6 months postoperatively

Group Number of subjects KSS score Excellent/good rate (%)
PRP-assisted surgery group 35 82.3+6.5 85.7% (30/35)
Surgery-only group 34 75.1+72 67.7% (23/34)
t/x? 4.363 3.161
P <0.001 0.075
Note: KSS, knee society score; PRP, platelet-rich plasma.
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E T postoperatively. A. Knee ROM (flexion) preoperatively and at 6 months
= 304 postoperatively. B. Knee ROM (extension) preoperatively and at 6
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preoperatively and at 6 months postoperatively. Note: **P<0.01,
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Before After
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tions in the PRP-assisted surgery group was
similar to that in the surgery-only group, with no
remarkable difference in the overall AR rate (P
= 0.782), indicating that PRP-assisted surgery
did not increase additional safety risks (Table
6).

Discussion

Mechanism and effect of PRP-assisted knee-
preserving surgery in pain relief for early-stage
KOA patients

Pain is the core symptom in early-stage KOA
patients, seriously impacting quality of life. This
study demonstrated that the VAS scores at 3
and 6 months postoperatively were notably
lower in the PRP-assisted surgery group than
the surgery-only group (P<0.001), suggesting
that PRP enhances the analgesic effect in
knee-preserving surgery. This effect may be
achieved through multiple mechanisms: on the
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*P<0.05, compared with before surgery; #P<0.05, compared with
the control group. PRP, platelet-rich plasma; ROM, range of motion.

one hand, TGF-B1 and IGF-1 enriched in PRP
suppress intra-articular inflammatory respons-
es, reducing the release of algogenic substanc-
es such as prostaglandin E, [15]; on the other
hand, PRP promotes the synthesis of endoge-
nous hyaluronic acid by synovial cells, improv-
ing joint lubrication and alleviating pain caused
by cartilage wear [16]. Furthermore, PRP-indu-
ced cartilage repair may fundamentally allevi-
ate pain sources (e.g., reducing neural stimula-
tion caused by subchondral bone microfrac-
tures) [17]. At 6 months postoperatively, the
VAS scores in the PRP group showed a further
reduction compared to 3 months postopera-
tively, suggesting a sustained analgesic effect,
which may be related to the time-dependence
of cartilage repair. According to Srinivasan et al.
[18], PRP-assisted knee-preserving surgery
had a positive effect on both pain relief and
knee function in patients with early-stage KOA,
consistent with the findings of this study.
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Table 6. Comparison of ARs

Group 0}1\‘ suunt:jt:eil;s Inf?n:;lon All(ir)gy Other minor reactions (n) Ove:l! AR
PRP-assisted surgery group 35 0 1(2.9%) 3 (local swelling/itching, 8.6%) 11.4% (4/35)
Surgery-only group 34 1(2.9%) 0 2 (pain aggravated/dizziness, 5.9%) 8.8% (3/34)
P value 0.493 1.000 1.000 1.000

Note: AR, adverse reactions; PRP, platelet-rich plasma.

Regulatory effects of PRP on cartilage repair
markers

The core mechanism of cartilage degeneration
is the imbalance between synthesis and degra-
dation. This study found that at 6 months post-
operatively, serum TGF-B1 and IGF-1 levels
were notably higher in the PRP-assisted surgery
group than the surgery-only group, while MMP-
13 levels were notably reduced (P<0.001). TGF-
B1 stimulates chondrocytes to synthesize col-
lagen Il and proteoglycans and inhibits MMP
expression [19]; IGF-1 promotes chondrocyte
proliferation and matrix synthesis by activating
the PI3K/Akt pathway [20]; and reduced MMP-
13 levels indicate suppressed cartilage degra-
dation. This is consistent with the rat KOA study,
which showed that PRP inhibits the PI3K/AKT/
mTOR pathway and down-regulates the expres-
sion of MMP-13 in cartilage [21]. PDGF in PRP
may promote cartilage defect repair by recruit-
ing mesenchymal stem cells [22]. This study
also directly validated the repair of cartilage
structure by incorporating imaging evidence
such as MRI re-exploration. In a rat experiment
conducted by Zhang et al. [23], PRP up-regulat-
ed the protein expression of TGF-B1 in the KOA
model; although this may aggravate synovial
fibrosis, it was helpful in inhibiting cartilage
degeneration and abnormal subchondral bone
remodeling, which is similar to the results of
this study.

Regulatory effects of PRP on synovial fluid
inflammation markers

Inflammation is not only a key pathological
mechanism in KOA but also a common cause of
joint pain and disability in patients [24]. Our
findings revealed significantly lower IL-13 and
TNF-« in synovial fluid at 6 months postopera-
tively in patients receiving PRP intervention
compared to those undergoing surgery alone.
IL-1B and TNF-a are both inflammatory cyto-
Kines; their excessive secretion promotes carti-
lage matrix degradation and the development
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of KOA [25]. PRP promotes cartilage formation
and alleviates joint pain by suppressing IL-13
and TNF-a levels while increasing fibroblast
growth factor and TGF-B1 levels, consistent
with the findings of this study [26].

Regulatory effects of PRP on synovial fluid
oxidative stress markers

KOA progression involves oxidative stress dam-
age to chondrocytes [27]. This study revealed
significantly higher SOD and lower NO levels in
synovial fluid at 6 months post-intervention
with PRP compared to surgery alone, suggest-
ing that PRP intervention is more effective in
mitigating oxidative stress damage. SOD is an
antioxidant enzyme that converts superoxide
radicals into hydrogen peroxide and oxygen,
protecting the body from oxidative stress [28].
NO induces free radical generation, leading to
cellular exhaustion and hindering cellular re-
pair; elevated NO levels exacerbate oxidative
stress damage in the body [29]. Gato-Calvo et
al. [30] also reported similar results that PRP
exerts an antioxidant effect in KOA models by
reducing NO production through downregulat-
ing the expression of inducible nitric oxide syn-
thase (iNOS).

Improvement in knee function and ROM and
relevant clinical significance

At 6 months postoperatively, the PRP-assisted
surgery group demonstrated significantly supe-
rior KSS scores and joint ROM compared to the
surgery-only group, indicating enhanced joint
function and ROM. The mechanisms may in-
clude active movement promoted by pain relief,
joint mechanical balance improved by cartilage
repair, and exudation and adhesions reduced
via synovial inflammation regulation [31]. Of
note, greater improvements were observed in
KSS function scores (walking distance, stair
climbing ability), which may be related to PRP’s
potential role in regulating tendon repair and
muscle metabolism. Although the excellent/
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good rate was higher in the PRP-assisted sur-
gery group than the surgery-only group, the dif-
ference was not statistically significant; this
may be caused by the small sample size and
short follow-up period in this study. However,
the efficacy of PRP monotherapy versus PRP
combined with other biological agents (e.g.,
sodium hyaluronate) was not compared, mak-
ing it difficult to clearly define the relative
advantages of PRP-assisted surgery. Further
research is needed to validate these findings.
In a report by Zhang et al. [32], PRP-assisted
high tibial osteotomy was found to be more
effective in improving knee function and ROM
in KOA patients, consistent with the findings of
this study.

Safety analysis and clinical applicability

No serious ARs occurred in either group. The
incidence of minor reactions (local swelling)
was low, without intergroup differences (P>
0.05), confirming the safety of PRP-assisted
surgery. As an autologous biological product,
PRP avoids the risk of immune rejection, but
attention must be paid to the sterility control
during preparation and precise injection tech-
nique. This study enrolled patients with early-
stage KOA (Kellgren-Lawrence grades I-Ill). The
efficacy may be limited for grade IV conditions,
which may require treatment in combination
with joint replacement. In a randomized clinical
trial by Xu et al. [33], the combination of PRP
and pulsed electromagnetic field therapy in
patients with early-stage KOA did not result in
increased incidence of ARs compared to either
PRP alone or pulsed electromagnetic field ther-
apy alone, which is consistent with the findings
of this study.

Study limitations and future directions

This study has the following limitations: (1) It is
a single-center, small-sample (69 cases) study
conducted without blinding, which may have
introduced bias; (2) Follow-up was limited to 6
months, resulting in a lack of long-term efficacy
data; (3) The efficacy of PRP with other treat-
ment regimens was not compared. In the fu-
ture, multi-center, large-sample RCT with ex-
tended follow-up periods of 2-5 years are need-
ed, while optimizing PRP preparation parame-
ters (platelet concentration, activation method)
to explore personalized treatment strategies.
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In summary, this study confirmed through RCT
that PRP-assisted knee-preserving surgery sig-
nificantly relieved pain symptoms in early-stage
KOA patients, regulated the balance between
cartilage repair and degradation, suppressed
synovial inflammation and oxidative stress,
improved knee function and ROM, and exhibit-
ed favorable safety profiles. These findings pro-
vide a novel therapeutic approach for early-
stage KOA: integrating the “repair - anti-inflam-
matory - analgesic” multifunctional effects of
PRP with knee-preserving surgery to establish
a stepwise treatment strategy. In clinical prac-
tice, PRP-assisted surgery may serve as a tran-
sitional solution between conservative man-
agement and joint replacement, particularly
benefiting younger early-stage KOA patients
with high activity demands.
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