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Abstract

Background
This study aims to explore whether platelet-rich plasma (PRP) can delay the progression of disease,
reduce the incidence of Total knee arthroplasty (TKA) and improve clinical symptoms in patients with
typical in�ammatory phenotype knee osteoarthritis (KOA)

Methods
This was a retrospective cohort study with 5-year follow-up. According to clinical manifestations,
magnetic resonance imaging (MRI) Osteoarthritis Knee Score (MOAKS), and serum in�ammation markers
C-reactive protein (CRP), we selected patients with typical in�ammatory phenotype of KOA. Patients were
divided into groups based on whether they had received PRP, hyaluronic acid (HA), or other conservative
treatment (OCT). The Kellgren-Lawrence (K-L) grade and Minimum joint space width (MJSW) in knee X-
rays were used to evaluate the progression of KOA. The Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) scores, Knee Society scores (KSS), minimal clinically important difference
(MCID) and Osteoarthritis Research Society International Set Responder Criteria Osteoarthritis Clinical
Trials Revisited (OMERACT-OARSI) tool were used to evaluate the improvement of KOA symptoms. The
incidence and timing of TKA was statistically analyzed.

Results
A total of 646 patients were �nally included, including 211 received PRP, 209 received HA and 226
received OCT. PRP showed better results in K-L grade and MJSW compared with HA and OCT (The results
at 12m, 24m, 36m, 48m, 60m, respectively, were as follows; K-L grade, PRP vs. HA, P = 0.957, P = 0.534, P 
= 0.230, P < 0.001, P < 0.001; PRP vs. OCT, P = 0.240, P = 0.012, P = 0.004, P < 0.001, P < 0.001; MJSW, PRP
vs. HA, P = 0.249, P = 0.013, P < 0.001, P < 0.001, P < 0.001; PRP vs. OCT, P = 0.155, P = 0.001, P < 0.001, P < 
0.001, P < 0.001). Compared with HA and OCT, PRP group exhibited signi�cant lower TKA incidence (PRP
vs. HA, P = 0.001; PRP vs. OCT, P = 0.001; HA vs OCT, P = 0.732) and delayed time to TKA (log-rank, PRP vs
HA,P < 0.001, PRP vs OCT, P < 0.001, HA vs OCT, P = 0.467). The WOMAC, KSS and KSS-F in PRP group
were signi�cantly better than those in HA group and OCT group at each time point after treatment (P < 
0.05).

Conclusions
Intra articular injection of PRP can delay progression of KOA, reduce or postpone occurrence of TKA and
improve clinical symptoms in strictly screened patients with typical in�ammatory phenotype KOA.
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Level of Evidence:
III, retrospective cohort.

Background
Osteoarthritis (OA) has a high prevalence worldwide, with a greater burden in the elderly and women [1].
Clinical treatment for OA involves a step-wise strategy, in which systematic conservative treatment is
usually adopted for early- and middle- stage OA, which mainly includes Self-management/education
programs, physical exercise, oral and topical NSAIDs and hyaluronic acid (HA) injection [2].Although
these can relieve pain and improve joint function to a certain extent, most existing studies concluded that
none of these treatments can delay the progression of OA and postpone the need for total knee
arthroplasty(TKA) [3, 4].

In past decade, intra-articular platelet-rich plasma (PRP) injections exhibited exciting e�cacy in relieving
clinical symptoms in patients with early- stage OA [5, 6]. Most of these studies have concluded that PRP
has a signi�cantly better outcome than conventional conservative treatment. However, apart from some
animal studies showing that PRP bene�ts cartilage health [7–9], few clinical studies have investigated
whether PRP can delay OA progression and the need for TKA. Recently, Sánchez M and colleagues
reported that patients received PRP injections achieved a delay in the TKA of more than 1.5 years [10].
However, in contrast, Bennell KL and colleagues claimed that PRP injection did not result in a signi�cant
difference in symptoms or cartilage volume over 12 months compared to placebo [11]. This
inconsistency may be attributed to multiple factors, including the length of follow-up, etc., while the
heterogeneity of OA is most likely a key reason. Rather than being a single disease, OA is now considered
a clinical syndrome consisting of multiple phenotypes [12]. The pathomechanistic features differ
between the different phenotypes, implying inconsistent response and outcome to treatment [13].
Therefore, restricting the study subjects to speci�c OA phenotypes is necessary to clarify the therapeutic
effects of PRP.

Although there is currently no uni�ed classi�cation for OA phenotyping, the most typical phenotype
characterized by low-grade, chronic in�ammation has been identi�ed by most studies [12–18]. The
interaction between prolonged or dysregulated in�ammation and molecules released from failed tissue
repair forms a progressive cycle leading to cartilage destruction [19]. This ‘in�ammation-damage cycle’
represents the most typical OA pathomechanism and clinical features, providing opportunities to develop
disease modifying approaches. In principle, PRP mainly acts by releasing growth factors and immuno
regulatory cytokinesto activate tissue repair responses and alleviate in�ammatory microenvironment [20].
Thus, PRP could suppress the above vicious cycle from both controlling damage and anti- in�ammation
respectively, and we can hypothesise that PRP might exhibit maximum therapeutic effect on the
in�ammatory phenotype. Based on this, this study aimed to investigate the effect of PRP on cartilage
thickness and incidence of TKA in strictly screened OA patients with in�ammatory phenotype, and to
compare with HA and other conservative treatments (OCT).



Page 4/30

Materials And Methods

Patients
The data of 2623 knee OA (KOA) patients who were �rst diagnosed in the Orthopaedic Medical Centre of
our Hospital from 2012 to 2017 were retrospectively collected and screened according to the following
criteria:

Inclusion criteria: (i) > 90% complete treatment records, at least including magnetic resonance imaging
(MRI) of the knee at the �rst visit, weight-bearing plain radiographs of the knee at each follow-up time
point, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores and Knee Society
scores (KSS); (ii) Age 40–70 years; (iii) Met the American College of Rheumatology (ACR) criteria for the
diagnosis of KOA [21], with the baseline of Kellgren-Lawrence (K-L) grade I–III [18, 22]; (iv) Numeric rating
scale (NRS) [23] score > 40; (v) With in�ammatory OA phenotype: knees with either inter-condylar
synovitis or whole knee effusion with MRI Osteoarthritis Knee Score (MOAKS) grade 3, with at least a
MOAKS 2 in the other respective feature [18]; Serum in�ammatory markers were higher than “OA
geometric mean”: C-reactive protein (CRP) > 5.03ug/ml [24].

Exclusion criteria: (i) Patients who are allergic to pharmaceutical ingredients; (ii) Knee joint surgery other
than TKA, or knee joint injection treatment (These include PRP, glucocorticoids, HA, or other drugs for
intraarticular injection) within three months before or �ve years after the �rst visit; (iii) Systemic
in�ammatory diseases; (iv) Body mass index (BMI) ≥ 40kg/m2 or metabolic diseases; (v) Mental illness;
(vi) Patients in the PRP treatment group with a low platelet count (< 100×109/L), or a platelet count in
PRP less than three times the baseline; (vii) Other complications or joint diseases (e.g., purulent arthritis,
gout, rheumatoid arthritis, ankylosing spondylitis, etc.); (viii) Severe joint deformity; (ix) Patients with local
or systemic joint infection, or with a history of active or recurrent infection.

Finally, 646 patients, including 211 received PRP (three injections, 2 weeks apart, for 5 years), 209
received HA (three injections, 2 weeks apart, for 5 years) (ARTZ® Japan) and 226 received other
conservative treatments (OCT, mainly including oral and topical NSAIDs, weight loss and exercises) were
included. The initial knee scores and imaging screening of the patients were completed by 6 senior
orthopaedic surgeons, and the follow-up retrospective evaluation was completed by 2 radiologists and 2
orthopaedic attending physicians. Follow-up data collected by the two orthopaedic doctoral candidates,
all patients visit every year follow-up rating and knee X-ray check, phone or email in combination with
follow-up rating in the form of a questionnaire. The indication for TKA is severe symptoms that cannot be
relieved by conservative treatment in patients with K-L grade IV. All the physicians involved in the
treatment and evaluation had more than 8 years of joint surgery experience.

PRP preparation and application
In this study, RapidCell® PRP technology (China) was used to prepare the leukocyte- poor PRP, which is
similar in principle to the secondary centrifugation method reported by Landersberg [25] Brie�y, in
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accordance with the guidelines of RapidCell® operation manual, 40ml of venous blood (mixed with
sodium citrate anticoagulant at a ratio of 1:9) was extracted from each patient. The �rst- stage
centrifugation (200g, 5 min) step was carried out to extract the upper- leukocyte- poor autologous
conditioned plasma. Thereafter, second- stage centrifugation (280g, 10 min) was conducted, and the
upper- layer platelet- poor plasma was discarded. Finally, 4–6 mL of LP-PRP was obtained, with 0.5 ml of
PRP extracted for platelet count. All preparation processes were completed under strict aseptic
conditions. Patients received injections within 30 minutes after the preparation. After successful
puncture, the effusion in the joint cavity was �rst aspirated, following which the LP-PRP was injected.

Evaluation
Records of 646 patients, with average follow-up period of 60.18 months, were evaluated: (i) baseline
information, including name, sex, age, treatment, BMI, CRP, IL-6, PLT count and Follow-up time; (ii)
imaging data: K-L grade and Minimum joint space width (MJSW) that de�ned as the minimum distance
medially from the femoral condyle to the tibial plateau [26, 27]. Elevation of K-L grade and decrease of
MJSW more than 0.5mm were considered as KOA progression [28]; (iii) knee pain/function scores:
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and Knee Society Score (KSS).
The minimal clinically important difference [MCID] in the WOMAC measure is 12% of the baseline value
or 6% of the maximal value [29]. With the use of ROC curve analysis, patients with an improvement of at
least 9 points for KSS-knee and 10 points for KSS-function scores experience a clinically important
change [30] (The MCID of K-L grade and MJSW are unknown). Treatment response rates based on scores
prior to treatment and 12 months post-treatment, which were calculated using the Osteoarthritis Research
Society International Set Responder Criteria Osteoarthritis Clinical Trials Revisited (OMERACT-OARSI) tool
[31]. Patient’s global assessment (PGA) was assessed on a 5-point Likert scale on which subjects
indicate the amount of improvement of their knee complaints compared to baseline (1. fair improvement,
2. moderate improvement, 3. no change, 4. Moderate deterioration, 5. fair deterioration) [32]. (iv) The time
undergoing TKA.

Statistical analysis
SPSS 25.0 software was used to process the collected data following collation. Rates of KOA imaging
progression were calculated based on the number of patients meeting the radiographic criteria for KOA
progression, based on changes in K–L grade and MSJW, and the differences among the three groups
were compared using the chi-square test. In terms of clinical outcomes, the main dependent variables
were WOMAC scores and KSS at �nal follow-up.

All data were normally distributed, and all measurements are expressed as standard deviations or
con�dence intervals (CIs). Variance analysis was used to compare different time points in the same
group. Inter-group comparisons were conducted based on the least signi�cant difference (Bonferroni
correction) or using a Tamhane test, while pairwise comparisons among the three groups were conducted
using one-way analyses of variance (ANOVA). Paired-samples t-tests were used for paired comparisons.
The signi�cance level was set at P < 0.05.
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Based on OMERACT-OARSI criteria, a chi-square test was used to calculate the differences in response
among the study groups after follow-up. The α value of the signi�cance level was 0.05. The probability of
loss to follow-up and undergoing surgery in each group was listed separately, and differences among the
groups were compared using chi-square tests. The Kaplan–Meier survival method was used for time-
event analysis, and a log-rank test was used to compare survival times according to different variables.

Results

Patient characteristics
Table 1 exhibits the characteristics of the 646 enrolled patients (PRP group, n = 211 patients; HA group, n 
= 209 patients; OCT group, n = 226 patients). 16, 38, and 44 patients in the PRP, HA and OCT groups
received TKA, respectively. There were no statistically signi�cant differences in age (P = 0.363), sex (P = 
0.772), duration of pain (P = 0.891), BMI (P = 0.937), or follow-up time (P = 0.406) among the groups. The
average time from �rst treatment to TKA in the PRP, HA and OCT groups was 54.63 (± 5.51) months,
44.68 (± 5.71) months and 41.48 (± 5.92) months, respectively, and the difference was statistically
signi�cant (P < 0.001). The average platelet concentration in the PRP group was 1,196.06(± 
301.53)×109/L and 5.8×baseline (206.08 ± 45.44×109/L; P < 0.001). The percentage of patients who
underwent both imaging and retreatment is shown in Table 1.
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Table 1
Patient characteristics and groups

Groups PRP HA OCT P - value

Total (n) 211 209 226  

Follow-up (n) 195 171 182 0.001

TKA (n) 16 38 44

Age (years) 57.25 ± 8.49 56.19 ± 8.55 57.19 ± 8.74 0.363

Sex (n)       0.772

Male 92 93 106  

Female 119 116 120  

Duration of pain (m) 6.09 ± 5.28 6.26 ± 5.37 6.32 ± 4.94 0.891

PLT count (WB ×109) 206.08 ± 45.44 / / < 0.001

PLT count (PRP ×109) 1196.06 ± 301.53 / /

BMI (kg/m2, mean) 25.30 ± 3.92 25.16 ± 4.16 25.22 ± 3.92 0.937

CRP (ug/ml, mean) 8.27 ± 3.05 8.23 ± 3.07 8.25 ± 3.15 0.990

K-l classi�cation       0.913

I 45 39 43  

II 54 61 63  

III 112 109 120  

Mean follow-up time (m) 60.13 ± 0.62 60.20 ± 0.64 60.21 ± 0.72 0.406

12m 9m-14m 11m-15m 9m-13m  

24m 20m-26m 23m-26m 22m-25m  

36m 33m-39m 33m-37m 34m-37m  

48m m-52m 46m-50m 45m-48m  

60m 58m-61m 58m-62m 59m-62m  

Data are presented as n values or the mean ± standard deviation. Continuous variables were analysed
using analyses of variance; categorical variables were analysed using chi-square tests. Comparisons
between two groups were performed using t-tests. Statistical signi�cance was set at P < 0.05

Abbreviations: BMI, body mass index; CRP, C-reactive protein; HA, hyaluronic acid; IL-6, interleukin-6; K-
L, Kellgren–Lawrence; m, months; n, number; OCT, other conservative treatment; PLT, platelet; PRP,
platelet-rich plasma; TKA, total knee arthroplasty; WB, whole blood
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Groups PRP HA OCT P - value

Average time to TKA (m) 54.63 ± 5.51 44.68 ± 5.71 41.48 ± 5.92 < 0.001

Data are presented as n values or the mean ± standard deviation. Continuous variables were analysed
using analyses of variance; categorical variables were analysed using chi-square tests. Comparisons
between two groups were performed using t-tests. Statistical signi�cance was set at P < 0.05

Abbreviations: BMI, body mass index; CRP, C-reactive protein; HA, hyaluronic acid; IL-6, interleukin-6; K-
L, Kellgren–Lawrence; m, months; n, number; OCT, other conservative treatment; PLT, platelet; PRP,
platelet-rich plasma; TKA, total knee arthroplasty; WB, whole blood

Main results
Table 2 and Fig. 4 show that there were no statistically signi�cant differences in K-L grades among the
groups prior to (ANOVA, P = 0.551) and 12 months after treatment (ANOVA, P = 0.444). PRP was
statistically superior in improving K-L grade from month 48 onward compared to HA (PRP vs. HA, P = 
0.957, P = 0.534, P = 0.230, P = 0.012, P = 0.036 at 12m, 24m, 36m, 48m, 60m, respectively) and from
month 24 onward compared to OCT (PRP vs. OCT, P = 0.240, P = 0.012, P = 0.004, P = 0.002, P = 0.005 at
12m, 24m, 36m, 48m, 60m, respectively). Similarly, there were no statistically signi�cant differences in
MJSW among the groups prior to (ANOVA, P = 0.835) and 12 months after treatment (ANOVA, P = 0.584).
PRP was statistically superior in improving MJSW from month 24 onward compared to HA and OCT (PRP
vs. HA, P = 0.413, P = 0.044, P = 0.009, P = 0.024, P = 0.014 at 12m, 24m, 36m, 48m, 60m, respectively; PRP
vs. OCT, P = 0.350, P = 0.021, P = 0.005, P = 0.029, P = 0.026, at 12m, 24m, 36m, 48m, 60m, respectively).
There were no signi�cant differences in K-L grade or MJSW between the HA and OCT groups during the
�ve-year follow-up period (P > 0.05).
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Table 2
Clinical results in each patient group (n = 548)

Outcomes PRP HA OCT Pa Pb Pc Pd

K-L grade              

Baseline 2.26 ± 0.81 2.19 ± 0.78 2.18 ± 0.79 0.372 0.328 0.945 0.551

12m 2.29 ± 0.73 2.29 ± 0.74 2.38 ± 0.79 0.957 0.240 0.297 0.444

24m 2.29 ± 0.81 2.35 ± 0.75 2.52 ± 0.85 0.534 0.012 0.066 0.035

36m 2.33 ± 0.81 2.44 ± 0.73 2.60 ± 0.89 0.230 0.004 0.097 0.014

48m 2.40 ± 0.80 2.66 ± 0.95 2.72 ± 0.98 0.012 0.002 0.624 0.005

60m 2.56 ± 0.83 2.79 ± 1.02 2.87 ± 1.02 0.036 0.005 0.486 0.012

MJSW              

Baseline 3.53 ± 0.68 3.58 ± 0.68 3.58 ± 0.66 0.606 0.604 0.998 0.835

12m 3.46 ± 0.69 3.36 ± 0.70 3.34 ± 0.67 0.413 0.350 0.857 0.584

24m 3.38 ± 0.70 3.15 ± 0.74 3.08 ± 0.56 0.044 0.021 0.618 0.038

36m 3.30 ± 0.76 2.98 ± 0.79 2.90 ± 0.66 0.009 0.005 0.601 0.006

48m 3.04 ± 0.82 2.75 ± 0.75 2.69 ± 0.54 0.024 0.029 0.676 0.028

60m 2.83 ± 0.99 2.49 ± 0.74 2.39 ± 0.54 0.014 0.026 0.622 0.016

Patients who had undergone surgery during the follow-up period were excluded. Data are presented
as n values or the mean ± standard deviation. Analysed via one-way analysis of variance. Statistical
signi�cance was set at P < 0.05

Pa, PRP and HA groups were compared; Pb, PRP and OCT groups were compared; Pc, HA and OCT
group were compared; Pd, one-way ANOVA between groups

Abbreviations: HA, hyaluronic acid; K-L, Kellgren–Lawrence; m, months; MJSW, minimum joint space
width; OCT, other conservative treatment; PRP, platelet-rich plasma

As shown in Table 3, rates of progression in K-L grade and MJSW were lower in the PRP group than in the
HA and OCT groups (K-L grade, PRP vs. HA, P = 0.001; PRP vs. OCT, P = 0.001; HA vs. OCT, P = 0.851;
MJSW, PRP vs. HA, P = 0.001; PRP vs. OCT, P = 0.001; HA vs. OCT, P = 0.008).
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Table 3
Comparison of OA progression, incidence of TKA, and responders in each group

  PRP HA OCT OR(95% CI) P-value

OA Progression-1          

  29.86% 65.07% / 0.23(0.15,0.34) 0.001

K-L grade / 65.07% 65.93% 0.96(0.65,1.43) 0.851

  29.86% / 65.93% 0.22(0.15,0.33) 0.001

OA Progression-2          

  36.02% 89.95% / 0.06(0.04,0.11) 0.001

MJSW / 89.95% 80.97% 2.10(1.20,3.68) 0.008

  36.02% / 80.97% 0.13(0.09,0.20) 0.001

Surgery-3          

  7.58% 18.18% / 0.37(0.20,0.69) 0.001

TKA / 18.18% 19.46% 0.92(0.57,1.49) 0.732

  7.58% / 19.46% 0.34(0.19,0.62) 0.001

OMERACT-OARSI          

  69.19% 53.11% / 1.98(1.33,2.96) 0.001

Responder rate / 53.11% 44.69% 1.40(0.96,2.05) 0.079

  69.19% / 44.69% 2.78(1.88,4.12) 0.001

Patients who had undergone surgery during the follow-up period were excluded. Analysed using chi-
square tests. Statistical signi�cance was set at P < 0.05

OA progression was recorded at 60 months of follow-up.

The responder rate was determined using 12 months of follow-up data.

Abbreviations: CI, con�dence interval; HA, hyaluronic acid; K-L, Kellgren–Lawrence; MJSW, minimum
joint space width; OCT, other conservative treatment; OMERACT-OARSI, Osteoarthritis Research
Society International Set Responder Criteria Osteoarthritis Clinical Trials Revisited; OR, odds ratio; PRP,
platelet-rich plasma; TKA, total knee arthroplasty

1: K-L classi�cation; 2: MJSW; 3: TKA incidence, A total of 98 patients underwent TKA, including 16 in
the PRP group, 38 in the HA group, and 44 in the OCT group

Table 3 shows that 98 patients underwent TKA during the �ve-year follow-up period, including 16 (7.58%)
patients in the PRP group, 38 (18.18%) patients in the HA group, and 44 (19.46%) patients in the OCT
group. TKA incidence was signi�cantly lower in the PRP group than in the other two groups (PRP vs. HA,



Page 11/30

P = 0.001; PRP vs. OCT, P = 0.001), while the difference between the HA and OCT groups was not
signi�cant (P = 0.732). Figure 5 shows the survival curves of the three groups and the distribution of time
to TKA. Compared with HA and OCT, PRP reduced the incidence and signi�cantly delayed the time of TKA
(log-rank, PRP vs. HA, P < 0.001, PRP vs. OCT, P < 0.001, HA vs. OCT, P = 0.467).

Secondary results
Table 3 shows that at 12 months after treatment, the response rate of the PRP group was 69.19%, which
was signi�cantly higher than that in the HA (53.11%) and OCT groups (44.69%) (PRP vs. HA, P = 0.001;
PRP vs. OCT, P = 0.001). There was no signi�cant difference between the HA and OCT groups (P = 0.079).

As shown in Table 4 and Fig. 6, the results of WOMAC, KSS and KSS-F in PRP group were signi�cantly
better than those in HA group and OCT group at each time point after treatment (P < 0.05). But we
observed differences in KSS baseline scores between the groups (P = 0.008). The results of WOMAC and
KSS-F in the HA group were signi�cantly better than those in the OCT group at 12 months after treatment
(WOMAC, P = 0.001; KSS-F, P = 0.006)(Notably, a decrease in the WOMAC score indicated improvement in
symptoms and function, while an increase in the KSS score indicated improvement in symptoms and
function). The MCID of each score at each time point was the highest in PRP, but it gradually decreased
over time (Table 4, Fig. 6).
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Table 4
Clinical results in each patient group (n = 548)

Outcomes PRP(n = 195) HA

(n = 171)

OCT(n = 
182)

Pa Pb Pc Pd

WOMAC              

Baseline 78.56 ± 
15.71

75.55 ± 
13.97

77.87 ± 
16.01

0.060 0.662 0.154 0.150

Change

(Baseline-
12m)

-15.96 ± 
12.07

-3.99 ± 3.34 -0.62 ± 8.77 < 
0.001

< 
0.001

0.001 < 
0.001

N (%) 139 (71.28) 87 (50.88) 71 (39.01)        

Change

(Baseline-
24m)

-10.39 ± 9.23 -0.40 ± 5.26 1.19 ± 11.43 < 
0.001

< 
0.001

0.102 < 
0.001

N (%) 111 (56.92) 59 (34.50) 61 (33.52)        

Change

(Baseline-
36m)

-6.47 ± 7.79 1.18 ± 7.26 1.70 ± 10.42 < 
0.001

< 
0.001

0.569 < 
0.001

N (%) 99 (50.77) 52 (30.41) 53 (29.12)        

Change

(Baseline-
48m)

-4.83 ± 9.00 3.36 ± 9.72 3.48 ± 12.01 < 
0.001

< 
0.001

0.912 < 
0.001

N (%) 88 (45.13) 43 (25.15) 41 (22.53)        

Change

(Baseline-
60m)

-4.05 ± 8.41 4.12 ± 11.31 5.14 ± 15.32 < 
0.001

< 
0.001

0.424 < 
0.001

N (%) 84 (43.08) 33 (19.30) 30 (16.48)        

KSS              

Baseline 66.03 ± 8.05 68.58 ± 9.19 68.26 ± 8.87 0.005 0.013 0.724 0.008

Change

(Baseline-
12m)

8.53 ± 6.68 1.25 ± 9.46 0.76 ± 5.73 < 
0.001

< 
0.001

0.536 < 
0.001

N (%) 131 (67.18) 87 (50.88) 81 (44.51)        
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Outcomes PRP(n = 195) HA

(n = 171)

OCT(n = 
182)

Pa Pb Pc Pd

Change

(Baseline-
24m)

5.70 ± 6.28 -0.43 ± 
10.76

-0.03 ± 6.21 < 
0.001

< 
0.001

0.636 < 
0.001

N (%) 103 (52.82) 71 (41.52) 74 (40.66)        

Change

(Baseline-
36m)

4.03 ± 6.44 -2.87 ± 
10.67

-3.60 ± 6.73 < 
0.001

< 
0.001

0.395 < 
0.001

N (%) 97 (49.74) 61 (35.67) 67 (36.81)        

Change

(Baseline-
48m)

1.51 ± 6.48 -6.63 ± 9.92 -6.51 ± 7.67 < 
0.001

< 
0.001

0.883 < 
0.001

N (%) 87 (44.62) 37 (21.64) 36 (19.78)        

Change

(Baseline-
60m)

0.12 ± 7.66 -7.48 ± 
11.53

-7.48 ± 8.11 < 
0.001

< 
0.001

0.997 < 
0.001

N (%) 81 (41.54) 22 (12.87) 18 (9.89)        

KSS-F              

Baseline 68.08 ± 
12.26

69.71 ± 
13.41

70.85 ± 
12.90

0.226 0.057 0.403 0.109

Change

(Baseline-
12m)

5.99 ± 8.18 2.40 ± 16.62 -0.68 ± 2.45 0.001 < 
0.001

0.006 < 
0.001

N (%) 137 (70.26) 87 (50.88) 80 (43.96)        

Change

(Baseline-
24m)

3.21 ± 10.12 -0.26 ± 
17.23

-2.45 ± 
14.02

0.018 < 
0.001

0.142 < 
0.001

N (%) 112 (57.44) 71 (41.52) 74 (40.66)        

Change

(Baseline-
36m)

2.13 ± 11.37 -2.81 ± 
15.63

-4.62 ± 
14.13

0.001 < 
0.001

0.217 < 
0.001

N (%) 106 (54.36) 56 (32.75) 52 (28.57)        
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Outcomes PRP(n = 195) HA

(n = 171)

OCT(n = 
182)

Pa Pb Pc Pd

Change

(Baseline-
48m)

0.23 ± 11.14 -3.77 ± 9.98 -6.26 ± 
14.29

0.001 < 
0.001

0.051 < 
0.001

N (%) 98 (50.26) 47 (27.49) 48 (22.53)        

Change

(Baseline-
60m)

0.02 ± 11.72 -5.88 ± 
10.19

-6.57 ± 
14.52

< 
0.001

< 
0.001

0.599 < 
0.001

N (%) 93 (47.69) 37 (21.64) 41 (22.53)        

Patients who had undergone surgery during the follow-up period were excluded.Data are presented as
n values or the mean ± standard deviation. Analysed via one-way ANOVA. Statistical signi�cance was
set at P < 0.05

Pa, PRP and HA groups were compared; Pb, PRP and OCT groups were compared; Pc, HA and OCT
group were compared; Pd, one-way ANOVA analysis between groups

Abbreviations:

HA, hyaluronic acid; KSS, Knee Society score; KSS-F, KSS-function score; m, months; OCT, other
conservative treatment; PRP, platelet-rich plasma; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index; Change, Change from baseline; N (%), Number of patients with MCID
(minimal

clinically important difference), %

Adverse reactions
During the follow-up period, some patients in the PRP and HA groups experienced pain following knee
joint puncture, which resolved spontaneously in all cases (pain duration: ≤3 days), without requiring
further treatment. No local infections were reported.

Discussion
The present study compared the e�cacy of three treatment modalities (PRP, HA, and OCT) in patients
with typical in�ammatory phenotype KOA. We evaluated the delay of OA progression and the incidence of
TKA at 5-year follow-up. Clinical studies of PRP have focused on controlling KOA symptoms. Although
changes in OA-related symptoms can clearly re�ect the curative effect of treatment, �ndings regarding
PRP nonetheless remain controversial. A meta-analysis that included 23 randomized controlled trials
(RCTs) showed [33] that PRP was more advantageous than HA, corticosteroids (CS), plasma rich in
growth factors, and placebo treatment over at least six months of follow-up. The prospective study of
Kon E [34] found that PRP exerted a better curative effect in young KOA patients with mild degeneration,



Page 15/30

and when PRP was compared with HA, they observed no signi�cant differences among older patients
and those with severe cartilage degeneration. Yoshitomo Saita et al. [35] conducted a retrospective study
with 517 patients followed for 12 months and reported a PRP OMERACT-OARSI response rate of 51.3% in
patients with K-L grade IV (indicating severe OA) at 6 months after treatment, which was still 50.9% at 12
months, and the results were not signi�cantly correlated with age. However, Jevsevar et al. [36] conducted
a MATE-Analysis study that reported no difference in OA symptom improvement between PRP and
placebo treatments, consistent with the conclusions of an RCT by Bennell et al [11]. In contrast, few
studies have investigated the effect of PRP in delaying the progression of KOA. Sánchez et al. followed
667 patients who had received PRP for more than 5 years and 74.1% achieved a delay in the TKA of more
than 1.5 years, with a median delay of 5.3 years [10]. The authors further noted that a greater number of
PRP treatment cycles was associated with more delayed TKA. They concluded that PRP can reduce the
incidence of TKA, which is consistent with the �ndings of our study, although they did not compare PRP
with other conventional treatments. However, in Bennell KL's RCT study on 288 KOA patients, intra-
articular injection of PRP did not exhibit the effect of delaying the progression of KOA within 12 months
of follow-up compared with placebo [11]. This study based on changes in the volume of the medial tibial
cartilage on MRI in 144 patients in the PRP group and 144 patients in the placebo group after 12 months
of treatment. In addition, although we found that there was no signi�cant difference in the effect of HA
and OCT on TKA incidence, the average time to TKA was delayed by 3.2 months in the HA group, which is
consistent with the �ndings of Delbarre A et al. and Concoff et al. [37, 38] and different from that of
Shewale AR's study [39].

Given these discrepancies, some authors have proposed several factors in�uencing PRP treatment
outcomes in treating KOA, such as the PRP preparation method, the white blood cell content in the PRP,
patient characteristics, genetic factors, and duration of follow-up [40–42]. For example, our analysis
demonstrated that PRP exerted a signi�cant superior effect on K-L grade and MJSW only starting at 24
months after treatment compared with HA and OCT. This has the potential to partially explain the
difference in outcomes between Bennell KL's study and others. Recently, studies have observed the
in�uences of OA heterogeneity on the e�cacy of treatments. This may explain the discrepancies of
outcomes in OA treatments. Andia I et al. [17] argued that the application of PRP in KOA should be
restricted only to patients with speci�c KOA phenotypes, especially the typical in�ammatory phenotype,
to achieve optimal outcomes. However, there is no uniform standard for the classi�cation of KOA
phenotypes currently. Nonetheless, various classi�cation strategies have been proposed, including those
based on clinical features, imaging features, biochemical markers, and computer classi�cation based on
high throughput “omics” data. Yuan et al. [13] collected cartilage, subchondral bone, and synovium
samples from several clinical centres to construct an extensive transcriptome atlas of patients with KOA,
which divided the patients into four phenotypes based on signi�cant molecular characteristics using
clustering analysis: (i) a glycosaminoglycan metabolic disorder phenotype; (ii) a collagen metabolic
disorder phenotype; (iii) an activated sensory neuron phenotype; and (iv) an in�ammatory phenotype.
These phenotypes respectively corresponded to (i) clinical symptoms; (ii) osteophytes; (iii) pain; and (iv)
in�ammation and joint space stenosis. A systematic review by Deveza et al. [12] reported that pain
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sensitivity, psychological distress, imaging severity, BMI, muscle strength, in�ammation, and comorbidity
were correlated with different clinical phenotypes. In these classi�cation studies, there was a higher
frequency of the phenotype characterized by intra-articular low-grade and prolonged in�ammation and
typical cartilage destruction [14].

PRP was reported to inhibit nuclear factor kappa β (NF-κβ) in cells by releasing growth factors and
cytokines, thus limiting the in�ammatory response in the joints [43, 44]. In addition, the derivatives of PRP
have been shown to regulate immunity, induce chondrocyte proliferation, migration, and differentiation,
as well as extracellular matrix (ECM) synthesis [45].In line with these mechanisms, research has
demonstrated that an intra-articular injection of PRP can alleviate KOA symptoms by improving synovitis
[46]. In theory, PRP has a relatively direct effect on "low-grade and prolonged in�ammation [19]" and
cartilage destruction and degradation, which are common in OA. However, there are no clear and
consensus criteria for identifying this in�ammatory phenotype of KOA. CRP (C-reactive protein) and other
in�ammatory indicators have been proved to be increased in patients with OA [24, 47], which provides a
reference for identifying this phenotype. In this study, we selected patients with in�ammatory KOA
phenotype according to the typical clinical symptoms of KOA, MRI imaging characteristics, and the
abnormalities of clinically commonly used serum in�ammatory markers CRP. The therapeutic effect of
PRP on this most typical KOA phenotype was investigated in these patients. Our �ndings support the
hypothesis that PRP can exert a superior therapeutic effect in patients with this phenotype. This helps us
to better select the treatment subjects for PRP.

Limitations
This study has some limitations. First, this study was a retrospective study with no sample size
calculation, limited follow-up time, possible bias in patient screening, and slight differences in baseline
pain and functional scores. A small number of patients may refuse medical intervention because of
�nancial problems, the in�uence of which could not be completely eliminated in the study; second, in this
study, PRP treatment was administered to patients with KOA who had the in�ammatory degenerative
phenotype, and the response rate was 69.19%. Some patients remained insensitive to treatment, which
may have been due to continued progression or overlap of KOA phenotypes, and there is no uniform and
clear de�nition for identifying KOA with different phenotypes. Third, the current results may not be
generalisable to other PRP preparation methods.

Conclusions
The results of this retrospective study suggest that intraarticular injection of PRP can delay the
radiographic progression of typical in�ammatory phenotype of KOA and reduce or postpone the
occurrence of TKA. In WOMAC, KSS, and KSS-F scores, PRP was associated with more patients achieving
MCID than HA and OCT. Meanwhile, the response rate of OMERACt-OARSI in PRP group was higher than
that in HA group and OCT group.
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Figure 1

In�ammatory phenotype is de�ned as knees with either inter-condylar synovitis (A) or whole knee
effusion with MRIO steoarthritis Knee Score (MOAKS) grade 3 (B)

Abbreviations: MRI, magnetic resonance imaging
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Figure 2

A 57-year-old woman had changes in MJSW series after PRP treatment.

The MJSW values were 3.6, 3.4, 2.7, 1.6, 0.3,0mm at pre-treatment, 12, 24, 36,48, and 58 months,
respectively. Finally, the patient received TKA.

Abbreviations: MJSW, minimum joint space width; PRP, platelet-rich plasma; TKA, total knee arthroplasty
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Figure 3

Flowchart of patient selection for the retrospective analysis

In total, 646 patients �rst diagnosed with KOA between 2012 and 2017, and those having an established
KOA pro�le, were selected.
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Abbreviations: HA, hyaluronic acid; OCT, other conservative treatment; PRP, platelet-rich plasma; TKA, total
knee arthroplasty

Figure 4

Serial changes in K-L grade and MJSW
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Data represent the mean values; error bars represent 95% CIs.

Abbreviations: CIs, con�dence intervals; HA, hyaluronic acid; K-L, Kellgren–Lawrence; MJSW, minimum
joint space width; OCT, other conservative treatment;PRE, pre-treatment; PRP, platelet-rich plasma

Figure 5
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Kaplan–Meier survival analysis with total knee arthroplasty as the endpoint (a) and the percentage of
patients who underwent TKA in each group at the time of TKA surgery (“Patients (%)” refers to just the
patients in each group who underwent a TKA during the follow-up).

Data represent the mean values; error bars represent 95% CIs.

Abbreviations: CIs, con�dence intervals; HA, hyaluronic acid; OCT, other conservative treatment; PRP,
platelet-rich plasma
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Figure 6

WOMAC, KSS, and KSS-F scores at each follow-up point

Data represent the mean values; error bars represent 95% CIs.
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Abbreviations: KSS: Knee Society score; KSS-F, KSS-function score; PRE, pre-treatment; PRP, platelet-rich
plasma; WOMAC, Western Ontario and McMaster Universities osteoarthritis index; CI, con�dence interval.


