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Abstract: Objective: To evaluate the clinical efficacy and safety of micro-needle knife (MNK) therapy combined with
intra-articular and subchondral platelet-rich plasma (PRP) injection compared to intra-articular PRP injection alone
in patients with moderate to advanced knee osteoarthritis (KOA). Methods: This retrospective study enrolled 150
patients (> 45 years) diagnosed with moderate to advanced KOA treated at three centers (Tonglu County Traditional
Chinese Medicine Hospital, Tonglu County Second People’s Hospital, and Zhangshi Traditional Chinese Medicine
Hospital) between April 1, 2021, and March 31, 2024. Patients were assigned to either the simple injection group
(intra-articular PRP only; n = 135) or the combined treatment group (MNK plus intra-articular and subchondral
PRP; n = 106). Clinical outcomes assessed at baseline and after one year included pain (visual analog scale [VAS]),
function (Lysholm and WOMAC scores), inflammatory and oxidative stress markers (IL-13, TNF-a, SOD, MDA), overall
clinical efficacy, incidence of adverse events, and structural changes assessed by radiography and Whole-Organ
Magnetic Resonance Imaging Score (WORMS). Results: Baseline demographic and clinical characteristics were
comparable between groups. One year after treatment, the combined treatment group exhibited significantly lower
VAS and WOMAC scores and higher Lysholm scores than the simple injection group (P < 0.05 for all), indicating
superior pain relief and functional improvement. Inflammatory and oxidative stress markers showed a more pro-
nounced improvement in the combined group (P < 0.05). Overall efficacy and improvement rates were significantly
higher in the combined group (P < 0.05), where cure rates and adverse event rates were similar. No significant dif-
ferences were observed between groups in knee joint space width or WORMS at baseline or follow-up. Conclusion:
MNK combined with intra-articular and subchondral PRP injection provides a greater clinical benefit in pain relief,
functional recovery, and improvement of inflammatory and oxidative stress markers in moderate to advanced KOA,
without increasing adverse events or altering structural outcome compared with intra-articular PRP alone.
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Introduction dral bone remodeling, synovial inflammation,
and osteophyte formation, KOA results in
chronic pain, stiffness, functional impairment,
and eventual loss of mobility [3]. Its multifacto-
rial pathogenesis, encompassing mechanical,

biochemical, genetic, and inflammatory mecha-

Knee osteoarthritis (KOA) is a prevalent, pro-
gressive, and disabling joint disorder that pre-
dominantly affects individuals over 45 years of
age, imposing a substantial burden on patients

and health care systems worldwide [1]. With
the aging population, rising obesity rates, and
sedentary lifestyles, both the incidence and
severity of KOA are escalating, making it a lead-
ing causes of disability and reduced quality of
life among older adults [2]. Characterized by
degeneration of articular cartilage, subchon-

nisms, complicates both diagnosis and optimal
management strategy [4].

Conventional treatment strategies for KOA
include physical therapy, weight reduction,
exercise, pharmacologic interventions with
analgesic and nonsteroidal anti-inflammatory
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drug (NSAID), intra-articular corticosteroid or
hyaluronic acid injections, and, in advanced
stages, surgical intervention [5]. Despite these
options, many patients with moderate to
advanced KOA continue to suffer from persis-
tent pain, functional decline, and progressive
structural deterioration [6]. Surgical interven-
tions, while effective for end-stage disease, are
associated with notable risk, high costs, and
limited long-term durability, and are often
unsuitable for patients with significant comor-
bidities or unwillingness to undergo surgery [7].
This substantial unmet need has driven grow-
ing interest in biological and regenerative ther-
apies designed not only to alleviate symptoms
but also to address the underlying pathophysi-
ology of KOA and modify disease progression
[8].

Among the emerging biological therapies,
platelet-rich plasma (PRP) injections have
gained attention for their ability to harness the
body’s intrinsic healing mechanisms [9]. PRP is
an autologous concentration of platelets and
growth factors prepared from the patient’s own
blood, which is injected into target tissues,
including the intra-articular space and, more
recently, the subchondral bone [9]. Upon acti-
vation, platelets release bioactive molecules -
such as platelet-derived growth factor, trans-
forming growth factor-B, insulin-like growth
factor, and vascular endothelial growth factor -
that exert immunomodulatory, anti-inflammato-
ry, angiogenic, and regenerative effects on
chondrocytes, synoviocytes, and subchondral
bone cells [10]. Both preclinical and early clini-
cal evidence suggests that PRP can alleviate
symptoms, improve joint function, and modu-
late the microenvironment of OA joints, thereby
slowing or modifying disease progression [11].
Increasing evidence further highlights the role
of subchondral PRP delivery, because subchon-
dral bone remodeling, bone marrow lesions,
and biomechanical alterations are now recog-
nized as central drivers of KOA initiation, pro-
gression, and pain [10, 11].

Another minimally invasive approach rooted in
both traditional and contemporary medicine is
micro-needle knife (MNK) therapy [12], also
referred to as small needle-knife therapy or
acupotomy. It is designed to mechanically
release myofascial trigger points and periartic-
ular adhesions, which contribute to local pain,
contracture, and abnormal biomechanics in
KOA [13]. The technique employs a fine needle
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with a cutting edge to disrupt pathologic soft
tissue, enhance microcirculation, and poten-
tially restore normal biomechanics [13].
Evidence from randomized trials and meta-
analyses have demonstrated that MNK can
substantially reduce pain, improve knee func-
tion, and enhance walking capacity in KOA
patients, with an acceptable safety profile [12,
13]. Additionally, experimental evidence indi-
cates that MNK may exert its therapeutic
effects by suppressing inflammatory cytokine
expression, thereby reducing both local and
systemic inflammation [14].

While both PRP and MNK have demonstrated
efficacy as stand-alone treatments for KOA, evi-
dence regarding their combined or synergistic
effects remains limited - particularly if PRP is
administered to both the intra-articular space
and the subchondral bone [14]. The rationale
for this combined approach reflects the current
understanding of KOA as a “whole-organ dis-
ease”, where cartilage, subchondral bone,
synovium, and periarticular muscles comprise
an integrated functional unit [15]. Subchondral
bone pathology, including remodeling and bone
marrow lesions, is increasingly recognized as
an important contributor to the progression
and pain of KOA, providing both biomechanical
and biochemical signals that perpetuate carti-
lage degeneration and inflammation [15].
Emerging studies support the hypothesis that
modifying the subchondral bone microenviron-
ment - whether by biological or mechanical
means - may disrupt the pathophysiologic feed-
back loop between bone and cartilage, result-
ing in more sustained symptom relief and func-
tional improvement [15, 16].

Given these considerations, the present study
was designed to evaluate the clinical efficacy
and mechanisms of MNK therapy in combina-
tion with intra-articular and subchondral
PRP injections in patients with moderate to
advanced KOA. By simultaneously targeting
both myofascial pain generators and the osteo-
chondral unit, this multidimensional strategy
aims to address the complex spectrum of
pathologic changes in KOA.

Materials and methods
Case selection

A retrospective analysis was conducted on
150 patients with moderate to advanced KOA
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treated at multiple centers (Tonglu County
Traditional Chinese Medicine Hospital, Tonglu
County Second People’s Hospital, and Zhangshi
Traditional Chinese Medicine Hospital) bet-
ween April 1, 2021, and March 31, 2024.
Patients were categorized into two groups
based on their treatment methods: the simple
injection group received intra-articular PRP
injections alone, and the combined treatment
group received MNK treatment together with
intra-articular and subchondral PRP injections
at the medial femoral condyle and tibial pla-
teau. All patients were followed up for one year.

This study was approved by the Institutional
Review Board (IRB) and Ethics Committee of
Tonglu County Traditional Chinese Medicine
Hospital. Given that this study was based on
de-identified retrospective data and posed no
risk or adverse impact on participants, the
requirement for written informed consent was
waived in accordance with ethical and regula-
tory guidelines.

Inclusion Criteria: (1) Patients aged > 45 years;
(2) Diagnosis with KOA according to the
American College of Rheumatology (ACR) crite-
ria [17], with radiographic evidence of at least
one osteophyte in the tibiofemoral joint of one
or both knees (Kellgren Lawrence grade 3 or 4);
(3) Pain score > 3 on a 10-point visual analog
scale (VAS) for most of the past month; (4)
Hemoglobin level > 100 g/L and platelet count
> 150 x 10™9/L; (5) Complete medical records
without missing data.

Exclusion Criteria: (1) Severe cardiovascular,
cerebrovascular, hepatic, renal, or hematopoi-
etic diseases; (2) Inflammatory arthritis (e.g.,
rheumatoid arthritis, gouty arthritis) or other
conditions affecting the knee joint; (3) Psy-
chiatric disorders interfering with cooperation;
(4) History of adverse reactions to MNK; (5)
Pregnancy or lactation.

Intervening method

Patients in the simple injection group received
an intra-articular injection of 7 mL of PRP.
Patients in the combined treatment group
received MNK treatment (once every 3 days,
twice per week, for a total of 3 weeks), an intra-
articular injection of 3 mL PRP, and subchon-
dral injections of 2 mL PRP each in the medial
femoral condyle and tibial plateau. The initial
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MNK session and PRP injection were per-
formed simultaneously.

Preparation of PRP: Before treatment, 40 mL of
venous blood was drawn from patients and
transferred into a PRP preparation tube con-
taining 4 mL of sodium citrate as anticoagulant.
A balancing tube was used, and the samples
were centrifuged for 10 minutes at 2500 r/min
with a centrifuge radius of 15 cm. After centrif-
ugation, the red blood cell layer was aspirated
with a 20 mL syringe, retaining the plasma layer
along with the platelet and white blood cell lay-
ers. After rebalancing, the sample underwent
a second centrifugation at 3200 r/min for 12
minutes. The upper layer was identified as
platelet-poor plasma (PPP), while the lower
layer was leukocyte-poor platelet-rich plasma
(LP-PRP), which was collected for injection.

MNK treatment: Three local myofascial trigger
points were selected according to the princi-
ples outlined in Micro-Knife Needle Therapy.
Taking the right knee as an example, the patella
was conceptualized as a clock face, with the 12
o'clock position corresponding to the superior
patellar ligament and the 6 o’clock position cor-
responding to the inferior patellar ligament. For
patients experiencing pain during stair climb-
ing, trigger points at the 11, 12, and 1 o'clock
positions along the patellar margin were select-
ed. For pain from descending stairs, the 5, 6,
and 7 o’clock positions were chosen. For medi-
al knee pain, the 2, 3, and 4 o’clock positions
were targeted, and for lateral knee pain, the 8,
9, and 10 o’clock positions were chosen.

Patients were placed in a supine position with
the knee and hip flexed to fully expose the knee
joint. After routine disinfection of the peri-patel-
lar region, the practitioner palpated along the
patellar margin with the guiding thumb to iden-
tify painful myofascial trigger points, which
were then pressed and fixed. A Laozongyi Brand
Micro-Needle Knife (0.40 mm x 25.00 mm;
Sichuan Laozongyi Medical Device Co., Ltd.,
China) was inserted parallel to the patellar
bone margin to a depth of 3 mm to sever the
myofascial trigger points. After withdrawal, a
dry cotton ball was applied to the puncture site
for 1 minute to prevent bleeding.

Intra-articular and subchondral PRP injection:
Patients were placed in a supine position, and
the knee joint area was routinely disinfected
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and draped. With the knee flexed at 45°, intra-
articular puncture and PRP injection were per-
formed through a parapatellar approach. The
knee was then extended, and C-arm fluorosco-
py was used to guide localization at the medial
joint line. Following local anesthesia at the
puncture site, a femoral puncture needle was
inserted from below the adductor tubercle of
the medial femoral condyle at a 45° angle to
the femoral shaft axis, advancing into the can-
cellous bone of the medial femoral condyle. For
the tibial side, the puncture was made 2 cm
below the joint line at the midpoint of the medi-
al tibia surface, advancing beneath the medial
tibial plateau, with the needle tip positioned
approximately 1-1.5 cm from the articular sur-
face. Pre-prepared PRP was injected into both
sites. After injection, sterile dressings were
applied, and pressure was maintained for 10
minutes. Patients were instructed to avoid
weight-bearing for 24 hours.

Data collection

Patient data were collected from the medical
record system, including demographic charac-
teristics, disease characteristics, Western On-
tario and McMaster Universities Osteoarthri-
tis Index (WOMAC) scores, clinical laboratory
parameters, radiological and magnetic reso-
nance imaging (MRI) findings before and at one
year after treatment.

Primary indicators

Clinical efficacy: Treatment efficacy was evalu-
ated in both groups according to the following
criteria: (1) Cure: Complete resolution of joint
pain, swelling, and discomfort; restoration of
functional activity; and a Lysholm score of
80-100. (2) Improvement: Reduction in joint
pain and swelling with functional improve-
ment; a Lysholm knee score of 60-79. (3) No
Improvement: No obvious change in joint pain
or swelling, with a Lysholm knee score < 60.

Secondary indicators

Visual analog scale (VAS): Pain intensity was
assessed using the VAS before and at one year
after treatment. The VAS a 10-cm horizontal
line marked on a card, with endpoints labeled
“no pain” (0) and “worst possible pain” (10).
Scores range from 0 to 10, with higher values
indicating greater pain intensity. The intra-class
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correlation coefficient (ICC) of the VAS has
been reported to range from 0.97 to 0.99 [18].

Lysholm knee joint score: Knee function was
evaluated using the Lysholm Knee Scoring
Scale before and one year after treatment. The
scale includes limp (5 points), support (5
points), squatting (5 points), stair climbing (10
points), swelling (10 points), locking (15 points),
stability (25 points), and pain (25 points), with
a total possible score of 100 points. Higher
scores indicate better knee function. The
reported Cronbach’s a of the scale is 0.65 [19].

Western Ontario and McMaster Universities
Arthritis Index (WOMAC): Knee function was
assessed using the WOMAC before and one
year after treatment. The WOMAC consists
of three subscales: knee pain, knee stiffness,
and knee function. Each subscale score was
standardized to a range of 0-100, with higher
scores indicating more severe symptoms. The
Cronbach’s o for the subscales are 0.84 for
pain, 0.86 for stiffness, and 0.96 for physical
function [20].

Clinical laboratory parameter: Before and after
treatment, inflammatory and oxidative stress
markers were assessed. A 5 mL fasting venous
blood sample was collected from each patient,
centrifuged at 3000 rpm for 15 minutes at
room temperature, to separate the serum.
Levels of interleukin-13 (IL-1B) and tumor ne-
crosis factor o (TNF-a) were determined using
the Human Inflammation 20-Plex ProcartaPlex
Assay Kit (EPX200-12185-901, Thermo Fisher
Scientific, USA). Serum superoxide dismutase
(SOD) activity was determined using the
Superoxide Dismutase Colorimetric Activity
Kit (EIASODC; Thermo Fisher Scientific, USA).
Serum malondialdehyde (MDA) levels were
assessed using the Human Malondialdehyde
ELISA Kit (E-10376; Shanghai Yaji Biotechnolo-
gy Co., Ltd., China).

Whole-Organ Magnetic Resonance Imaging
Score (WORMS): At baseline and after one
year of follow-up, WORMS was assessed to
quantify KOA severity and progression. The
scoring system divides the knee into anato-
mic regions, including the medial femorotibial
joint, lateral femorotibial joint, and patello-
femoral joint. For each anatomical region,
WORMS scores cartilage, bone marrow lesions,
menisci, ligaments, and joint effusion on MRI.

Am J Transl Res 2025;17(9):6987-6998



Micro-needle knife with platelet-rich plasma for knee osteoarthritis

Table 1. Comparison of demographic characteristics between the two groups

Simple injection

Combined treatment

Factor group (n = 84) group (n = 66) VX P
Age (years) 54.36 + 5.62 55.42 +5.32 1.175 0.242
Male/Female [n (%)] 47 (55.95%)/37 (44.05%) 35 (53.03%)/31(46.97%)  0.127 0.721
BMI (kg/m?) 31.26 + 11.92 30.65+6.78 0.390 0.697
Ethnicity [n (%)] 0.018 0.893
Han 68 (80.95%) 54 (81.82%)
Others 16 (19.05%) 12 (18.18%)
Educational level [n (%)] 0.698 0.874
llliteracy 7 (8.33%) 5 (7.58%)
Grade school 9 (10.71%) 10 (15.15%)
Junior middle school or Senior high school 51 (60.71%) 39 (59.09%)
Bachelor or above 17 (20.24%) 12 (18.18%)
Marital status [n (%)] 0.529 0.912
Single 11 (13.10%) 9 (13.64%)
Married/cohabitant 61 (72.62%) 47 (71.21%)
Widow/Widower 4 (4.76%) 2 (3.03%)
Separated/divorced 8 (9.52%) 8(12.12%)
Smoking history [n (%)] 0.822 0.365
Yes 46 (54.76%) 41 (62.12%)
No 38 (45.24%) 25 (37.88%)
Alcohol consumption history [n (%)] 0.092 0.761
Yes 45 (53.57%) 37 (56.06%)
No 39 (46.43%) 29 (43.94%)
Diabetes history [n (%)] 0.156 0.693
Yes 28 (33.33%) 20 (30.30%)
No 56 (66.67%) 46 (69.70%)
Hypertension history [n (%)] 1.352 0.245

Yes
No

22 (26.19%)
62 (73.81%)

12 (18.18%)
54 (81.82%)

BMI: Body Mass Index.

Each feature is graded from O to a maximum
value (3-6, depending on the specific feature
being assessed). The scores from subscales
were summed to yield a composite WORMS
score. Reported intra-class correlation coeffi-
cients (ICC) for WORMS range from 0.74 to
1.00 [21].

Statistical analysis

Data analysis was performed using SPSS 29.0
(SPSS Inc., Chicago, IL, USA). Continuous vari-
ables were presented as means * standard
deviation (M = SD) and compared using inde-
pendent samples t-test or paired t test, as
appropriate. Categorical variables were pre-
sented as frequencies and percentages [n (%)],
and compared using chi-square tests (x?). All
statistical tests were two-tailed, with P < 0.05
considered significant.
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Results
Basic data

A total of 150 patients with moderate to
advanced KOA were included in the study, with
84 in the simple injection group and 66 in the
combined treatment group. Baseline demo-
graphic and disease characteristics did not dif-
fer significantly between the two groups (all P >
0.05), indicating comparability (Tables 1, 2).

VAS and Lysholm knee joint score

At baseline, there were no significant differenc-
es between the two groups in VAS score (P =
0.167) or Lysholm knee joint score (P = 0.239)
(Figure 1). At 1-year follow-up, the combined
treatment group demonstrated a significantly
lower VAS score (P = 0.041) and a significantly
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Table 2. Comparison of disease characteristics between the two groups

Simple injection

Combined treatment

Factor group (n = 84) group (n = 66) VX P
Cause of disease [n (%)] 1.454 0.693
Overuse or damage 42 (50.00%) 29 (43.94%)
Muscle weakness 22 (26.19%) 16 (24.24%)
Genetic factors 8 (9.52%) 10 (15.15%)
Others 12 (14.29%) 11 (16.67%)
Pathogenic site [n (%)] 2.139 0.343
Right knee 23 (27.38%) 18 (27.27%)
Left knee 22 (26.19%) 24 (36.36%)
Both knees 39 (46.43%) 24 (36.36%)
K-L sore [n (%)] 0.253 0.615
3 48 (57.14%) 35 (53.03%)
4 36 (42.86%) 31 (46.97%)
Duration of pain (years) 6.54 + 1.58 6.67 + 1.35 0.500 0.618
Knee circumference (cm) 40.21 +3.31 40.52 + 3.27 0.570 0.570
Previous treatment (past half year) [n (%)] 1.744 0.418

Pharmaceutical intervention
Physiotherapy
Assistive devices

43 (51.19%)
16 (19.05%)
25 (29.76%)

27 (40.91%)
17 (25.76%)
22 (33.33%)

K-L: Kellgren Lawrence.
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Figure 1. Comparison of the VAS score and the Lysholm knee joint score between the two groups. A. VAS score; B.
Lysholm knee joint score. VAS: Visual Analog Scale; ns: no significant difference; *: P < 0.05; ###: P < 0.001.

higher Lysholm score (P = 0.012) compared to
the simple injection group, indicating superior
pain relief and functional improvement in
patients receiving MNF combined with intra-
articular and subchondral PRP injection. Within-
group analysis demonstrated significant im-
provements in both VAS and Lysholm scores
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after treatment compared to baseline (all P <
0.001).

WOMAC

Before treatment, WOMAC subscale scores
(pain, stiffness, function) and total scores did
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Figure 2. Comparison of the WOMAC score between the two groups. A. Pain; B. Stiffness; C. Function; D. Total.
WOMAC: Western Ontario and McMaster Universities Arthritis Index; ns: no significant difference; *: P < 0.05; ###:

P < 0.001.

not differ significantly between groups (all P >
0.05) (Figure 2). At 1-year follow-up, however,
the combined treatment group demonstrated
significantly lower WOMAC pain (P = 0.013),
stiffness (P = 0.018), function (P = 0.050), and
total scores (P = 0.048) compared to the
simple injection group. Within-group compari-
sons revealed significant reductions in WOMAC
scores from baseline in both groups (P < 0.001).

Clinical laboratory values

At baseline, there were no significant differenc-
es between the two groups in IL-1B3, TNF-q,
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SOD, or MDA levels (all P > 0.05) (Table 3). At
1-year follow-up, the combined treatment group
exhibited significantly lower IL-13 (P = 0.010)
and TNF-a (P = 0.015) levels, higher SOD con-
tent (P = 0.023), and lower MDA levels (P =
0.017) compared to the simple injection group.
This indicated that MNF combined with intra-
articular and subchondral PRP injection more
effectively ameliorated inflammatory respons-
es and oxidative stress in patients with moder-
ate to advanced KOA. Within-group compari-
sons showed significant improvements in all
four values after treatment relative to baseline
(P <0.001).
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Table 3. Comparison of the inflammatory response and oxidative stress reaction indexes between the
two groups

Simple injection group ~ Combined treatment group

Factor (n = 84) (n = 66) t P

IL-1B (ng/L) (baseline level) 38.67 £+ 3.45 39.26 + 3.48 1.020 0.309
IL-1B (ng/L) (at 1-year follow-up) 19.63 +2.64 18.68 + 1.87## 2595 0.010
TNF-a (ng/L) (prior treatment) 87.64 £ 9.52 88.63 + 10.62 0.604  0.547
TNF-a (ng/L) (at 1-year follow-up) 52.41 £ 5.06 50.36 + 5.07## 2.458 0.015
SOD (NU/mL) (baseline level) 6.09 + 1.35 6.14 + 1.24 0.220 0.826
SOD (NU/mL) (at 1-year follow-up) 12.12 + 1.41 12.63 + 1.24#% 2,295 0.023
MDA (nmol/L) (baseline level) 8.59 + 1.62 8.52 +1.53 0.276  0.783
MDA (nmol/L) (at 1-year follow-up) 5.84 +1.23 5.37 + 1.18%# 2.405 0.017

IL-1B: Interleukin-1f3; TNF-a: Tumor Necrosis Factor o; SOD: Serum Superoxide Dismutase; MDA: Malondialdehyde; ###: P <

0.001, compared to baseline level.

Table 4. Comparison of clinical efficacy between the two groups

Factor Simple injection group (n = 84) Combined treatment group (n = 66) X2 P

Cure [n (%)] 23 (27.38%) 15 (22.73%) 0.423 0.515
Improve [n (%)] 43 (51.19%) 45 (68.18%) 4.400 0.036
Ineffective [n (%)] 18 (21.43%) 6 (9.09%) 4186 0.041
Effective [n (%)] 66 (78.57%) 60 (90.91%) 4186 0.041

Table 5. Comparison of adverse events between the two groups

Factor Simple injection group (n = 84) Combined treatment group (n = 66) X2 P

Local pain [n (%)] 19 (22.62%) 9 (13.64%) 1.964 0.161
Redness [n (%)] 9 (10.71%) 6 (9.09%) 0.108 0.742
Swelling [n (%)] 12 (14.29%) 15 (22.73%) 1.784 0.182

Clinical efficacy

There was no significant difference in cure rate
between the two groups (P = 0.515) (Table 4).
However, the combined treatment group dem-
onstrated a significantly higher improvement
rate (P = 0.036) and a lower proportion of inef-
fective outcomes (P = 0.041) at one-year fol-
low-up, indicating superior clinical effective-
ness of MNF combined with intra-articular and
subchondral PRP injection for the management
of moderate to advanced KOA.

Adverse events

There were no significant differences in the
incidence of adverse events between the two
groups (Table 5). Local pain, redness, and
swelling were comparable between groups,
indicating that the addition of MNF to intra-
articular and subchondral PRP injection did not
increase the risk of adverse events in patients
with moderate to advanced KOA.
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Radiological and MR findings

There were no significant differences between
the two groups in knee joint space width or
WORMS at baseline or 12 months after treat-
ment (Table 6 and Figure 3). Within-group anal-
ysis, however, demonstrated significant chang-
es from baseline to post-treatment (P < 0.001).

Discussion

A key rationale for integrating MNK therapy
with intra-articular and subchondral PRP injec-
tions lies in their complementary mechanisms
of action. MNK therapy, rooted in principles of
traditional Chinese medicine and modern pain
science, mechanically disrupts pathologic myo-
fascial trigger points and periarticular tissue
adhesions that arise in KOA from chronic over-
load, maladaptive gait patterns, and persistent
inflammation [22]. The controlled micro-injuries
produced by needle manipulation may activate
endogenous repair processes, including the
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Table 6. Comparison of imaging findings of the knee joint space width (mm) and WORMS between
the two groups

Simple injection Combined treatment

Factor group (n = 84) group (n = 66) t P

Knee joint space width (baseline) 2.01+0.67 2.08 £ 0.52 0.759 0.449
Knee joint space width (one year after treatment) 1.57 +£0.43 1.59 + 0.46%## 0.223 0.824
WORMS (baseline) 74.68 + 20.96 73.64 + 19.25 0.312 0.755
WORMS (one year after treatment) 78.41 +21.85 81.86 + 20.37## 0.986 0.326

WORMS: Whole-Organ Magnetic Resonance Imaging Score; ###: P < 0.001, compared to baseline value.

Al 10mm

LA| 10mm

Figure 3. Comparison of MRl images between the two groups. A. MRI of the
simple injection group (baseline); B. MRI of the combined treatment group
(baseline); C. MRI of the simple injection group (12 months after treatment);
D. MRI of the combined treatment group (12 months after treatment). MRI:

Magnetic Resonance Imaging.

recruitment of reparative cells and the release
of growth factors, thereby priming the local
microenvironment for the reparative effects of
subsequently administered PRP [23].

PRP exerts therapeutic effects through its con-
centrated autologous growth factors, cyto-
kines, and chemokines [24]. Once activated,
PRP releases a spectrum of bioactive media-
tors, including platelet-derived growth factor
(PDGF), transforming growth factor-B (TGF-p),
vascular endothelial growth factor (VEGF),
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and insulin-like growth fac-
tor-1 (IGF-1) [25]. In articular
cartilage and subchondral
bone, these factors exert an-
ti-inflammatory effects (e.g.,
downregulation of IL-18 and
TNF-a), promote cellular prolif-
eration and matrix synthesis,
enhance chondrocyte viability,
and modulate the catabolic
microenvironment typical in
KOA. Notably, PRP also facili-
tates mesenchymal stem cell
recruitment, stimulates angio-
genesis, and fosters sub-
chondral bone remodeling, all
of which contribute to joint
repair and symptom allevia-
tion in chronic osteoarthritis
[25]. Similarly, Qiao et al. [26]
reported that PRP demon-
strated the best WOMAC
scores at 3, 6, and 12 mon-
ths compared to other treat-
ments, corroborating the sus-
tained functional benefits of
PRP. Taken together, these
findings suggest that MNK
may enhance the biological
responsiveness of periarticu-
lar tissues to PRP, thereby
amplifying its clinical efficacy in moderate to
advanced KOA.

The improved pain relief and functional gains
observed in the combined therapy group can
be explained within a mechanistic framework.
Mechanical release of myofascial trigger
points by MNK may disrupt chronic pain circuits
and restore joint kinematics, thereby enhanc-
ing both distribution and biological efficacy of
intra-articular and subchondral PRP [27].
Furthermore, subchondral PRP may directly tar-
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get bone marrow lesions-recognized contribu-
tors to pain generation and KOA progression-
while attenuating the inflammatory signaling
sustained by subchondral bone and synovium
[27]. The suppression of pro-inflammatory cyto-
kines such as IL-13 and TNF-a observed in this
study supports the current view of KOA as an
inflammation-driven disease, influenced by dys-
regulated innate immunity and oxidative stress.
Thus, the reduction in these markers is consis-
tent with both symptomatic and histopatholog-
ic improvements.

Another key finding was the modulation of oxi-
dative stress indices, including increased SOD
and decreased MDA [28]. Oxidative stress is a
well-established driver of cartilage matrix deg-
radation, chondrocyte apoptosis, and progres-
sion of OA [28]. Enhanced SOD activity and
decreased MDA reflect reduced oxidative dam-
age and improved antioxidant defenses, likely
mediated by the composite anti-inflammatory
and cellular effects of PRP, as well as improved
local vascularization and tissue metabolism fol-
lowing MNK [29]. By mitigating oxidative stress,
combined therapy may help slow matrix break-
down and joint senescence, offering a more
durable chondroprotective effect than symp-
tom-relief alone [30].

In terms of clinical effectiveness, the superior
improvement and overall efficacy rates in the
combined treatment group may reflect not only
additive but also synergistic effects of the two
modalities. By releasing pathologic myofascial
adhesions, MNK optimizes the periarticular
microenvironment, alleviates pain, and may
enhance compliance with rehabilitation. This,
in turn, facilitates the distribution and action of
intra-articular and subchondral PRP, enabling
growth factors to exert reparative effects more
broadly and deeply within joint and subchon-
dral compartments. The inclusion of subchon-
dral infiltration is consistent with the growing
evidence that bone-cartilage unit pathology is
integral to pain and structural outcomes in KOA
[31]. This approach could explain the greater
magnitude of clinical improvement and patient-
reported outcomes compared to intra-articular
injection alone, which does not adequately
address subchondral pathology.

Nevertheless, no significant differences in
radiographic or MRI-based structural outcomes
(e.g., joint space width, WORMS) were observed
between the two groups over one-year follow-
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up. This aligns with recent trials reporting that
biological and minimally invasive therapies pro-
vide marked symptomatic relief without induc-
ing robust imaging-detectable structural chang-
es over relatively short observation periods.
Structural progression in KOA is slow, heteroge-
neous, and often discordant with clinical symp-
toms. MRI-based composite scores such as
WORMS are sensitive to early alterations, these
changes may be insufficiently pronounced over
a one-year period, especially in moderate to
advanced disease stages. Furthermore, PRP
and MNK likely exert their principal benefits by
modulating microstructural, cellular, and bio-
chemical processes rather than eliciting mac-
roscopic cartilage or bone repair detectable by
conventional imaging.

Another consideration is the comparable safety
profile between the two groups. The addition of
MNK and subchondral PRP did not increase
adverse events, suggesting that this combined
modality is well tolerated. This finding is clini-
cally meaningful given the risks associated
with surgical interventions in this population.
Moreover, the minimally invasive nature of MNK
and autologous origin of PRP not only minimize
immunogenic and infectious risks but also
make repeated interventions feasible when
necessary.

The present study has several limitations. First,
the retrospective design is subject to inherent
selection bias and unmeasured confounders,
although it provides valuable real-world insight.
Second, the one-year follow-up was sufficient
to capture symptomatic and biochemical
changes but may have been inadequate to
assess long-term structural modification. Third,
although inter-group comparisons were empha-
sized, detailed intra-group analyses before and
after treatment were limited, and this may have
provided a more comprehensive understanding
of therapeutic effects. Future prospective, ran-
domized studies with extended follow-up and
additional mechanistic biomarkers are warrant-
ed to confirm and expand upon our findings.

Conclusion

The combined use of MNK and intra-articular
and subchondral PRP injections provides a
multi-faceted approach for the management of
moderate to advanced KOA. By addressing
pain, inflammation, oxidative stress, and micro-
structural changes, this strategy appears to
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provide synergistic clinical benefits beyond PRP
alone. While this approach shows potential in
the non-surgical management of moderate to
advanced KOA, further high-quality studies are
needed to determine its long-term effects on
joint preservation and disease modification.
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