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Abstract: Objective: To explore the clinical efficacy of platelet-rich plasma (PRP) combined with arthroscopic menis-
cal plasty on meniscus injury of the knee joint in the elderly. Methods: Fifty-six elderly patients with meniscus inju-
ries were evaluated, including 28 patients who underwent arthroscopic meniscal repair and 28 patients who under-
went arthroscopic meniscus repair combined with PRP injection. Primary outcomes included visual analogue scale 
(VAS), Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), Lysholm score, Lequesne index, 
Range of motion (ROM), and secondary outcomes included bone gla-protein (BGP), insulin-like growth factor-1 (IGF-
1), and matrix metalloproteinase-1 (MMP-1). The primary and secondary measurement outcomes were assessed 
for each patient before and after the 12 weeks of treatment. Results: The VAS, WOMAC, Lysholm, Lequesne, and 
ROM were more improved in the PRP group compared to the control group (all P < 0.05). BGP, IGF-1, and MMP-1 
were more reduced in the PRP group compared to the control group (all P < 0.05). Conclusion: The treatments of 
PRP combined with arthroscopic meniscal plasty can significantly improve the pain, function, and physiologicindica-
tors in elderly patients. 
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Introduction

The meniscus is a vital component of the knee 
joint that performs several biological functions, 
including joint stabilization and stress absorp-
tion [1]. Meniscal injury is a frequently diag-
nosed problem that results in functional dis-
comfort or degenerative changes to the knee 
joint, eventually leading to osteoarthritis and 
reducing the ability of the patient to carry out 
daily activities [2]. According to research, the 
prevalence of meniscal injuries in the knee joint 
in the elderly is increasing yearly, and the age is 
getting younger [3]. Therefore, the clinical focus 
is to heal the knee meniscal injury and improve 
knee functional recovery. 

Surgical and conservative methods are typically 
considered after meniscal cartilage damage. 
Arthroscopic technology has advanced rapidly 
along with medical therapy, and it is now rou-
tinely used in the treatment of knee meniscal 
damage, and may aid in the recovery of knee 
range of motion and function [4]. However, even 
after arthroscopic surgery, a significant number 
of patients experience pain and dysfunction [5]. 
In addition, the regeneration and repair of artic-
ular cartilage are poor, hastening the progres-
sion of knee osteoarthritis [6, 7]. According to 
Medicare and Humana databases [8], 4.79%-
9.47% of patients undergo revision arthroscopy 
or conversion to total knee arthroplasty (TKA) 
within a year after isolated meniscectomy. 
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Arthroscopy has several technical limitations 
and risks of recurrence that needs more 
research. 

Platelet-rich plasma (PRP) has recently gained 
attention in the treatment of patients with knee 
osteoarthritis. Several studies have used PRP 
in a variety of settings, demonstrating its poten-
tial for cell proliferation through its receptor 
role [9, 10]. Intra-articular injections of PRP 
have been utilized to treat meniscal injuries of 
the knee joint, and it has been demonstrated  
to have a beneficial therapeutic effect [11]. 
Furthermore, intra-articular PRP injection has 
been shown to promote cartilage formation  
and prevent knee joint rupture [12]. PRP con-
tains a high concentration of growth factors 
that promote tissue healing and repair, which is 
why clinical surgeons are interested in it [13].  
In clinical practice, knee meniscus damage is 
considered to be healed in 12 weeks, allowing 
patients to resume normal activities [14]. 
Furthermore, the serum levels of BGP, IGF-I, 
and MMP-1 can be used as a sensitivity index 
to evaluate the severity of the disease [15]. 
Therefore, a 12-week follow-up study on the 
physiologic efficacy of PRP for the treatment of 
meniscal damage is required. This article intro-
duces a completely new way to use PRP after 
arthroscopic surgery, which promotes menis- 
cal regeneration and repair and can greatly 
improve the postoperative clinical efficacy. 
According to a literature review, such a study 
has not been done before. The purpose of this 
study was to evaluate the effect of arthroscopic 
surgery combined with PRP on the inflammato-
ry factors in treatment of meniscus injury in 
elderly patients.

Materials and methods

Study design and patient inclusion

This study was approved by the ethics commit-
tee of the First Affiliated Hospital, Hengyang 
Medical School, University of South China 
(approval number: 2023U0220002) and adopt-
ed a retrospective cohort design. Through the 
electronic medical record system, 56 patients 
who underwent arthroscopic meniscus plasty 
in the First Affiliated Hospital, Hengyang 
Medical School, University of South China from 
January 2021 to March 2022 were selected 
according to the following.

Inclusion criteria: (1) Patients of an age 65 to 
75; (2) Patients with meniscal injury caused by 
long standing meniscus and cartilage wear or 
joint degradation; (3) Patients had arthroscopic 
repair with or without PRP after the failure of 
conservative treatment; (4) Patients with differ-
ent degrees of knee pain, limited movement 
and other clinical symptoms; (5) Patients with 
complete case records. 

Exclusion criteria: (1) Patients with congenital 
meniscus disease or developmental malforma-
tion; (2) Patients who also have osteoarthritis 
or neurovascular injury; (3) Patients with opera-
tive contraindications; (4) Patients with end-
stage heart, brain or renal dysfunction; (5) 
Patients with blood system diseases; (6) 
Patients with diabetes, rheumatic diseases or 
severe cardiovascular and cerebrovascular dis-
eases; (7) Patients with collateral ligament inju-
ry, intra-articular ligament injury or severe 
osteoarticular degeneration. The participants 
were recruited and divided into a PRP group 
and a control group, with 28 patients in each 
(Table 1). There were no significant differences 
in general data between the two groups (P > 
0.05).

Data collection

Preoperative data of eligible patients, including 
age (years), sex (male/female), K-L grade (2/3), 
BMI (kg/m2), hypertension, duration of disease, 
surgical time (min), drinking history, coagula-
tion dysfunction, hypoalbuminemia, anesthesia 
time (min), coronary artery disease, and diabe-
tes mellitus were collected from the patient 
records.

Treatment methods

Control group

Patients in the control group received ar- 
throscopic meniscus plasty alone (Figure 1). (1) 
Patients were positioned supine. Following 
anesthesia, an incision was made in the outer 
upper part of the patella and the gap between 
the femoral lateral condyle, and 300 mL nor-
mal saline was injected into the suprapatellar 
capsule of the knee joint to make it dilate; (2) 
Arthroscope was placed, and the medial or lat-
eral knee space was observed with the aid of 
the arthroscope to perceive the meniscus. 
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According to the injury type and location, the 
surgical method was confirmed under the 
microscope; (3) Blue forceps were used to bite 
the damaged edge, and a planer was used to 
repair the stump, and the meniscus was appro-
priately excised to remove joint lesions and free 

formed for 10 minutes at a speed of 2,200 r/
min, and it separated the platelet-deficient 
plasma layer and a PRP layer by absorbing red 
blood cells from the white blood cell layer 
obtained in the first centrifugation process; (4) 
5 mL of PRP was extracted and injected into 

Table 1. Characteristics of patients
Group PRP (n = 28) CON (n = 28) t/X2 p
Age (years) 69.96 ± 4.02 69.50 ± 4.94 0.386 0.701
Sex (male/female) 14/14 13/15 0.071 0.789
K-L Grade (2/3) 16/12 15/13 0.072 0.788
Body Mass Index (kg/m2) 26.91 ± 3.48 27.75 ± 3.08 -0.946 0.348
Hypertension 129 ± 5.03 128 ± 4.32 0.876 0.543
Duration of disease 20 ± 5.16 21 ± 6.38 0.443 0.676
Surgical time (min) 76 ± 5.21 75 ± 2.58 0.953 0.744
Drinking history 5/23 6/22 -0.843 0.727
Coagulation dysfunction 6/22 7/21 -0.753 0.567
Hypoalbuminemia 4/24 4/24 -0.357 0.434
Anesthesia time (min) 85 ± 5.35 83 ± 5.25 0.563 0.845
Coronary artery disease 4/24 5/23 -0.987 0.432
Diabetes mellitus 7/21 6/22 0.554 0.632
PRP, Platelet-rich plasma; CON, Control.

Figure 1. Arthroscopic image of the knee joint. A. Meniscal tear with complex 
and severe injury (K-L Grade 3). B and C. Arthroscopic image of intraopera-
tive meniscus plasty. D. Arthroscopic image after partial meniscectomy.

bodies. The joint cavity was 
examined at the end of the 
operation to avoid debris, and 
a cotton pad was used af- 
ter compression dressing; (4) 
Following surgery, the knee 
joint was treated with ice and 
antibiotics.

PRP group

Patients in the PRP group 
received additional PRP: (1) 
The operative area was disin-
fected after anesthesia, and 
25 mL of venous blood was 
collected and mixed with 3 ml 
of sodium citrate injection for 
anticoagulation; (2) PRP was 
prepared by two centrifuga-
tions. The blood was separat-
ed into serum, white mem-
brane, and red blood cell lay-
ers during the first centrifuga-
tion, which was performed at 
a speed of 2,000 r/min for  
10 minutes with a centrifugal 
radius of 15.5 cm; (3) The sec-
ond centrifugation was per-
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the injured joint cavity; (5) The knee joint was 
treated with ice and antibiotics after surgery.

Primary outcomes

Visual Analogue Scale (VAS): The VAS was used 
to evaluate the degree of pain sensation, with a 
score of 0 indicating no pain and 10 represent-
ing unbearable pain [16].

Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC): The WOMAC 
was used to evaluate pain, stiffness, and physi-
cal function, with lower scores indicating better 
physical condition [17].

Lysholm Scale: The Lysholm scale includes 
functional items such as claudication, support, 
locking, pain, instability, swelling, stair climb-
ing, and squatting. The total score ranges from 
0 to 100, with higher scores indicating better 
knee joint function [18].

Lequesne Index: The Lequesne index includes 
10 items related to pain or discomfort, longest 
walking distance, and daily life dysfunction. It is 
used for patients with chronic knee osteoarthri-
tis and takes approximately 3 to 5 minutes to 
measure [19].

Range of Motion (ROM): A plastic goniometer 
was used to measure the maximum motion of 
the knee joint [20].

These measures have been widely used in clini-
cal practice and have been shown to have good 
reliability and validity in assessing joint pain, 
function, and quality of life in previous research, 
thus allowing for a comprehensive understand-
ing of the effects of intervention. In addition, 
the measurement methods for these outcomes 
are relatively simple and easy to implement in 
practice, without imposing excessive burden on 
patients or researchers. 

Secondary outcomes

Bone gla-protein (BGP), insulin-like growth fac-
tor-1 (IGF-1), and matrix metalloproteinase-1 
(MMP-1) were measured for each patient 
before and after 12 weeks of treatment. After 
admission, before treatment, and 12 weeks 
after treatment, 3 ml of articular fluid was 
extracted from each subject and stored in an 
ultra-low temperature refrigerator at -80°C for 
subsequent detection. BGP, IGF-1, and MMP-1 

levels were measured using an enzyme-linked 
immunosorbent assay (ELISA) [21] (lot no.: 
ab26; Wuhan Bau Bioengineering Co., LTD.).

Statistical analysis 

SPSS 23.0 software (SPSS Inc., Chicago, IL, 
USA) was used. The measured data conforming 
to a normal distribution were expressed as 
mean (M) ± standard deviation (SD) and com-
pared between groups using a t-test. The count-
ed data were expressed in case (%), and com-
pared using a Chi-square test. P < 0.05 was 
considered significant.

Results

Primary outcomes

The primary outcomes are shown in Table 2. 
The VAS, WOMAC, Lysholm score, Lequesne 
score, and ROM were improved significantly in 
both the PRP group and the control group (all P 
< 0.05); in addition, the improvements in the 
PRP group were greater (all P < 0.05). 

Secondary outcomes

The secondary outcomes are shown in Table 3. 
The BGP, IGF-1, and MMP-1 were decreased 
significantly in both the PRP group and the con-
trol group (P < 0.05). In addition, the levels of 
BGP, IGF-1, and MMP-1 were significantly lower 
in the PRP group than in the control group after 
12 weeks of treatment (all P < 0.05). 

Discussion

Meniscal injury is common and limits various 
biological functions such as femur concussion, 
lubrication, and joint stabilization, and serious-
ly affects patients’ work and life [22]. Therefore, 
the key to knee meniscal injury is to preserve 
the normal tissue and repair the damaged part 
as much as possible to restore the function of 
the knee joint [23].

The main finding of this study is that PRP com-
bined with arthroscopic meniscal plasty treat-
ment improved the clinical efficacy of elderly 
patients more effectively than arthroscopy 
alone.

Arthroscopic meniscus plasty is regarded as 
one of the most effective treatments for knee 
meniscal injury [24]. Although symptoms such 
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as pain and functional limitation can be suc-
cessfully treated by meniscal arthroscopic sur-
gery, it can easily damage cartilage tissue dur-
ing treatment, reducing the effectiveness of 
surgical treatment [25]. Clinical therapy would 
become more difficult if the cartilage tissue 
injury worsened because this could lead to 
articular cartilage degeneration [26]. Biological 
studies have shown that the dispersion force 

disappears after meniscectomy, and direct 
contact occurs between the femoral malleolus 
and tibial plateau [27, 28]. The surface stress 
will gradually increase, which can lead to 
degeneration of the knee joint [29]. Studies 
have confirmed that the probability of degener-
ative changes in the affected knee after partial 
meniscectomy is four to six times that of the 
healthy side of the knee joint [30]. Therefore, 

Table 2. Primary outcomes before and after treatment
Variable PRP (n = 28) CON (n = 28) t p
Visual Analog Scale (mm) Pre 6.89 ± 0.45 6.87 ± 0.67 0.104 0.918

Post 1.05 ± 0.16 2.38 ± 0.28 -21.181 0.000*

t 65.544 36.241
p 0.000† 0.000†

Western Ontario and McMaster Universities 
Osteoarthritis Index (score)

Pre 77.18 ± 3.62 76.76 ± 3.51 0.438 0.663
Post 52.46 ± 4.11 62.91 ± 3.14 -10.682 0.000*

t 21.5 13.459
p 0.000† 0.000†

Lysholm (score) Pre 50.33 ± 3.43 50.17 ± 3.32 0.187 0.852
Post 82.31 ± 5.31 79.10 ± 5.24 2.275 0.027*

t -26.325 -28.426
p 0.000† 0.000†

Lequesne (score) Pre 16.09 ± 1.29 16.35 ± 1.50 0.677 0.502
Post 12.26 ± 1.18 13.64 ± 1.31 -4.128 0.000*

t 11.098 7.904
p 0.000† 0.000†

Range of Motion (°) Pre 90.79 ± 6.68 91.85 ± 5.73 0.638 0.526
Post 118.55 ± 7.87 109.81 ± 5.51 4.815 0.000*

t -12.185 -13.684
p 0.000† 0.000†

Independent t-test: *P < 0.05. Paired t-test: †P < 0.05. PRP, Platelet-rich plasma; CON, Control.

Table 3. Secondary outcomes before and after treatment
Variable PRP (n = 28) CON (n = 28) t p
Bone Gla Protein (ng/ml) Pre 17.61 ± 1.33 17.38 ± 1.56 0.59 0.588

Post 9.99 ± 1.75 12.83 ±1.23 -7.028 0.000*

t 17.147 11.354
p 0.000† 0.000†

Insulin-like Growth Factor 1 (ng/ml) Pre 15.54 ± 1.34 15.59 ± 1.41 0.155 0.877
Post 10.09 ± 1.31 11.31 ± 1.27 -3.706 0.000*

t 12.36 13.37
p 0.000† 0.000†

Metalloproteinase 1 (ng/ml) Pre 16.10 ± 1.40 16.58 ± 1.55 -1.205 0.234
Post 9.63 ± 1.14 10.78 ± 1.54 -3.172 0.002*

t 17.378 17.303
p 0.000† 0.000†

Independent t-test: *P < 0.05. Paired t-test: †P < 0.05. PRP, Platelet-rich plasma ; CON, Control.
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preserving the meniscus as much as possible 
has become a mainstream concept and surgi-
cal principle of meniscus treatment. Arthros- 
copic meniscus suturing can effectively recon-
struct the specific anatomic structure and 
shape of the meniscus, and finally, restore the 
function of the meniscus. An arthroscopic 
suture is more helpful to alleviate damage to 
articular cartilage and can delay the process of 
secondary osteoarthritis of the knee joint to 
some extent [31]. According to the literature, 
the formation of synovial tissue and meniscus 
originates from mesenchymal cells together. 
They have a similar blood supply and have cer-
tain repair abilities. If the synovial tissue flap is 
inserted into the white area of the meniscus 
during repair of the tear, chondroid recovery is 
obvious, which proves its effectiveness [32]. 
Apart from specific excision and repair, tissue 
engineering repair technology has recently 
emerged as a treatment method. Specifically, 
tissue engineering repair technology is used to 
repair the meniscus structure that includes 
three main parts, namely seed cells, biologic 
factors, and meniscus scaffold. The biologic 
factors can fully induce seed cells to differenti-
ate into related chondrocytes. These include 
fibrocyte growth factor, transforming growth 
factor, insulin-like growth factor, and platelet-
derived growth factor [33]. PRP is a blood prod-
uct created by centrifuging a patient’s own 
blood, with a platelet concentration 3-8 times 
that of whole blood platelets [34], and it can 
release a significant number of endogenous 
growth factors, making it a valuable source of 
growth factors [35]. PRP has been shown in 
animal experiments to significantly increase 
meniscus cell activity, and it contains fibrin, 
which acts as a scaffold for meniscus healing 
[36]. Furthermore, PRP plays an important role 
in facilitating tissue repair and regeneration 
after injury [37]. In this study, PRP gel was used 
to suture the meniscus injury site and the PRP 
gel was used independently after arthroscopic 
meniscus plasty. PRP can reduce pain and 
inflammation by accelerating tissue repair 
through various growth factors [38, 39]. 
Scientific studies have confirmed that PRP 
plays an important role in promoting articular 
cartilage healing and bone tissue regeneration 
[40]. According to relevant scientific conclu-
sions, its specific mechanism of action is as fol-
lows: PRP can be fully mixed with thrombin, cal-
cium chloride or matrix normal saline to form a 

gel, in which platelet particles contained in PRP 
can release a variety of growth factors that play 
a role [41]. Platelet activation occurs 10 min-
utes after the end of the clotting process, and 
its pre-synthesized growth factors can be 
secreted within one hour. After the initial mass 
release of growth factors, platelets begin to 
synthesize and secrete additional factors, such 
as inflammatory cytokines. In addition, plate-
lets are easily activated during agglutination, 
and relevant particles are fully fused and mixed 
with platelets by effectively adding histone and 
enzyme side chain components to make them 
active. At the same time, growth factors can 
effectively bind to the outer surface of cell 
membranes through transmembrane receptors 
to induce the division and differentiation of 
mesenchymal stem cells and endothelial cells, 
and finally promote the regeneration and heal-
ing of bone tissue [42]. The growth factors 
secreted by PRP have been proven to have 
good biologic function, and are conducive to 
recovery. The use of PRP improved WOMAC, 
Lysholm, Lequesne, and ROM in this study. 
Moreover, the patient’s knee range of motion 
and knee function scores were improved. The 
VAS score of patients treated with arthroscopic 
meniscoplasty combined with PRP was lower 
than that of patients treated with arthroscopic 
meniscoplasty alone. This suggests that com-
bined therapy can effectively relieve the symp-
toms of joint pain and promote recovery of knee 
function. The results of this study show that 
PRP combined therapy has significantly greater 
therapeutic effect on knee joint pain and func-
tion than arthroscopy alone. 

BGP is a regulating hormone that is secreted by 
osteoblasts and osteoclasts and functions as  
a physiologic signal of bone conversion [43]. 
Serum osteocalcin levels increased significant-
ly when bone turnover increased; otherwise, 
they decreased [44]. IGF-1 can stimulate the 
growth of preosteoblasts, which then mature 
into osteoblasts, allowing bone mass to remain 
balanced. The expression of IGF-1 is closely 
related to growth hormone [45]. Furthermore, 
IGF-I has anti-inflammatory and anti-aging 
properties that may protect the endothelium 
[46]. MMP-1 is a member of the MMP family 
that can pass through the degradation barrier. 
Articular cartilage fibers are lost as a result of 
collagen and proteoglycan degradation, result-
ing in cartilage damage [47]. BGP, IGF-1, and 
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MMP levels were significantly lower in the PRP 
group than the control groups in this study. This 
might be because activated platelets in PRP 
can produce a variety of growth factors and 
inflammatory regulators to maintain the meta-
bolic balance of articular cartilage. These find-
ings suggest that PRP combined with arth- 
roscopic meniscal plasty may regulate BGP, 
IGF-1, and MMP-1 levels, protect chondrocytes, 
and promote cartilage regeneration in elderly 
patients. However, the sample size in this  
study is small, and the follow-up period is  
short. In the future, conducting studies with 
large sample size and a long follow-up period 
may improve the reliability.

Conclusion

PRP combined with arthroscopic meniscal plas-
ty is more effective than arthroscopic meniscal 
plasty alone for improving not only pain but  
also clinical efficacy. This approach can be rec-
ommended for clinical use because it can 
improve patients’ symptoms in a short period 
and has some clinical value for patients with 
mild meniscus lesions or who are delaying knee 
replacement.

Disclosure of conflict of interest

None.

Address correspondence to: Ho Seong Lee, Depart- 
ment of Exercise and Medical Science, Graduate 
School, Dankook University, Cheonan, South Korea. 
Tel: +86-01092486161; E-mail: hoseh28@dankook.
ac.kr

References

[1] Aagaard H and Verdonk R. Function of the nor-
mal meniscus and consequences of meniscal 
resection. Scand J Med Sci Sports 1999; 9: 
134-140.

[2] Blikman T, Rienstra W, van Raay JJAM, Dijkstra 
B, Bulstra SK, Stevens M and van den Akker-
Scheek I. Neuropathic-like symptoms and the 
association with joint-specific function and 
quality of life in patients with hip and knee os-
teoarthritis. PLoS One 2018; 13: e0199165.

[3] Zhang L, Lin C, Liu Q, Gao J, Hou Y and Lin J. 
Incidence and related risk factors of radio-
graphic knee osteoarthritis: a population-
based longitudinal study in China. J Orthop 
Surg Res 2021; 16: 474.

[4] Yang Z, Wu Y, Yin K, Xiang J, Liu C, Chen W and 
Dai Z. The therapeutic value of arthroscopic 

microfracture technique in combination with 
platelet-rich plasma injection for knee carti-
lage injury. Am J Transl Res 2021; 13: 2694-
2701.

[5] Lee DR, Therrien E, Song BM, Camp CL, Krych 
AJ, Stuart MJ, Abdel MP and Levy BA. Arthrofi-
brosis nightmares: prevention and manage-
ment strategies. Sports Med Arthrosc Rev 
2022; 30: 29-41.

[6] Cipollaro L, Ciardulli MC, Della Porta G, Peretti 
GM and Maffulli N. Biomechanical issues of 
tissue-engineered constructs for articular car-
tilage regeneration: in vitro and in vivo ap-
proaches. Br Med Bull 2019; 132: 53-80.

[7] French NP, Smith J, Edwards GB and Proud-
man CJ. Equine surgical colic: risk factors for 
postoperative complications. Equine Vet J 
2002; 34: 444-449.

[8] Agarwalla A, Gowd AK, Liu JN, Amin NH and 
Werner BC. Rates and risk factors of revision 
arthroscopy or conversion to total knee arthro-
plasty within 1 year following isolated menis-
cectomy. Arthrosc Sports Med Rehabil 2020; 
2: e443-e449.

[9] Raeissadat SA, Karimzadeh A, Hashemi M and 
Bagherzadeh L. Safety and efficacy of platelet-
rich plasma in treatment of carpal tunnel syn-
drome; a randomized controlled trial. BMC 
Musculoskelet Disord 2018; 19: 49.

[10] Li Y, Wei X, Zhou J and Wei L. The age-related 
changes in cartilage and osteoarthritis. 
Biomed Res Int 2013; 2013: 916530.

[11] Popescu MB, Carp M, Tevanov I, Nahoi CA, 
Stratila MA, Haram OM and Ulici A. Isolated 
meniscus tears in adolescent patients treated 
with platelet-rich plasma intra-articular injec-
tions: 3-month clinical outcome. Biomed Res 
Int 2020; 2020: 8282460.

[12] Belk JW, Kraeutler MJ, Houck DA, Goodrich JA, 
Dragoo JL and McCarty EC. Platelet-rich plas-
ma versus hyaluronic acid for knee osteoar-
thritis: a systematic review and meta-analysis 
of randomized controlled trials. Am J Sports 
Med 2021; 49: 249-260.

[13] Huard J, Bolia I, Briggs K, Utsunomiya H, Lowe 
WR and Philippon MJ. Potential usefulness of 
losartan as an antifibrotic agent and adjunct to 
platelet-rich plasma therapy to improve muscle 
healing and cartilage repair and prevent adhe-
sion formation. Orthopedics 2018; 41: e591-
e597.

[14] Fang H and Beier F. Mouse models of osteoar-
thritis: modelling risk factors and assessing 
outcomes. Nat Rev Rheumatol 2014; 10: 413-
421.

[15] Wong SK, Chin KY and Ima-Nirwana S. Ber- 
berine and musculoskeletal disorders: the 
therapeutic potential and underlying molecu-
lar mechanisms. Phytomedicine 2020; 73: 
152892.

mailto:hoseh28@dankook.ac.kr
mailto:hoseh28@dankook.ac.kr


Application of platelet-rich plasma in arthroscopic meniscal repair

3813 Am J Transl Res 2023;15(6):3806-3814

[16] Saltychev M, Vastamaki H, Mattie R, McCor-
mick Z, Vastamaki M and Laimi K. Psychomet-
ric properties of the pain numeric rating scale 
when applied to multiple body regions among 
professional musicians. PLoS One 2016; 11: 
e0161874.

[17] Wang X, Cao Y, Pang J, Du J, Guo C, Liu T, Wei 
S, Zheng Y, Chen R and Zhan H. Traditional  
Chinese herbal patch for short-term manage-
ment of knee osteoarthritis: a randomized, 
double-blind, placebo-controlled trial. Evid 
Based Complement Alternat Med 2012; 2012: 
171706.

[18] Briggs KK, Steadman JR, Hay CJ and Hines SL. 
Lysholm score and tegner activity level in indi-
viduals with normal knees. Am J Sports Med 
2009; 37: 898-901.

[19] Faucher M, Poiraudeau S, Lefevre-Colau MM, 
Rannou F, Fermanian J and Revel M. Assess-
ment of the test-retest reliability and construct 
validity of a modified Lequesne index in knee 
osteoarthritis. Joint Bone Spine 2003; 70: 
521-525.

[20] Bradbury-Squires DJ, Noftall JC, Sullivan KM, 
Behm DG, Power KE and Button DC. Roller-
massager application to the quadriceps and 
knee-joint range of motion and neuromuscular 
efficiency during a lunge. J Athl Train 2015; 50: 
133-140.

[21] Geitgey lD. Evaluating the role of fibroblast ac-
tivation protein and fibroblast growth factor 21 
in growth hormone-induced adipose tissue fi-
brosis. Ohio University 2020.

[22] McIlwraith CW and Lattermann C. Intra-articu-
lar corticosteroids for knee pain-what have we 
learned from the equine athlete and current 
best practice. J Knee Surg 2019; 32: 9-25.

[23] Makris EA, Hadidi P and Athanasiou KA. The 
knee meniscus: structure-function, pathophys-
iology, current repair techniques, and pros-
pects for regeneration. Biomaterials 2011; 32: 
7411-7431.

[24] Watanabe N, Endo K, Komori K, Ozeki N, Mizu-
no M, Katano H, Kohno Y, Tsuji K, Koga H and 
Sekiya I. Mesenchymal stem cells in synovial 
fluid increase in knees with degenerative me-
niscus injury after arthroscopic procedures 
through the endogenous effects of CGRP and 
HGF. Stem Cell Rev Rep 2020; 16: 1305-1315.

[25] Farpour HR, Rajabi N and Ebrahimi B. The  
efficacy of harpagophytum procumbens (tel-
tonal) in patients with knee osteoarthritis: a 
randomized active-controlled clinical trial. Evid 
Based Complement Alternat Med 2021; 2021: 
5596892.

[26] Salzmann GM, Niemeyer P, Hochrein A, Stod-
dart MJ and Angele P. Articular cartilage  
repair of the knee in children and adoles- 
cents. Orthop J Sports Med 2018; 6: 
2325967118760190.

[27] Tennant LM, Chong HC and Acker SM. The ef-
fects of a simulated occupational kneeling ex-
posure on squat mechanics and knee joint 
load during gait. Ergonomics 2018; 61: 839-
852.

[28] John G. Soccer injury prevention and treat-
ment: a guide to optimal performance for play-
ers, parents, and coaches. Demos Medical 
Publishing 2014.

[29] Li L, Yang L, Zhang K, Zhu L, Wang X and Jiang 
Q. Three-dimensional finite-element analysis 
of aggravating medial meniscus tears on knee 
osteoarthritis. J Orthop Translat 2019; 20: 47-
55.

[30] Poulsen E, Goncalves GH, Bricca A, Roos EM, 
Thorlund JB and Juhl CB. Knee osteoarthritis 
risk is increased 4-6 fold after knee injury - a 
systematic review and meta-analysis. Br J 
Sports Med 2019; 53: 1454-1463.

[31] Trivedi J, Betensky D, Desai S and Jayasuriya 
CT. Post-traumatic osteoarthritis assessment 
in emerging and advanced pre-clinical menis-
cus repair strategies: a review. Front Bioeng 
Biotechnol 2021; 9: 787330.

[32] Deponti D, Di Giancamillo A, Scotti C, Peretti 
GM and Martin I. Animal models for meniscus 
repair and regeneration. J Tissue Eng Regen 
Med 2015; 9: 512-527.

[33] Baria MR, Miller MM, Borchers J, Desmond S, 
Onate J, Magnussen R, Vasileff WK, Flanigan 
D, Kaeding C and Durgam S. High intensity in-
terval exercise increases platelet and trans-
forming growth factor-beta yield in platelet-rich 
plasma. PM R 2020; 12: 1244-1250.

[34] Liu X, Wang L, Ma C, Wang G, Zhang Y and Sun 
S. Exosomes derived from platelet-rich plasma 
present a novel potential in alleviating knee 
osteoarthritis by promoting proliferation and 
inhibiting apoptosis of chondrocyte via Wnt/
beta-catenin signaling pathway. J Orthop Surg 
Res 2019; 14: 470.

[35] Chun N, Canapp S, Carr BJ, Wong V and Curry 
J. Validation and characterization of platelet-
rich plasma in the feline: a prospective analy-
sis. Front Vet Sci 2020; 7: 512.

[36] Werner S and Grose R. Regulation of wound 
healing by growth factors and cytokines. Physi-
ol Rev 2003; 83: 835-870.

[37] Yu H, Adesida AB and Jomha NM. Meniscus re-
pair using mesenchymal stem cells - a compre-
hensive review. Stem Cell Res Ther 2015; 6: 
86.

[38] Wroblewski AP, Mejia HA and Wright VJ. Appli-
cation of platelet-rich plasma to enhance tis-
sue repair. Oper Tech Orthop 2010; 20: 98-
105.

[39] Lubkowska A, Dolegowska B and Banfi G. 
Growth factor content in PRP and their applica-
bility in medicine. J Biol Regul Homeost Agents 
2012; 26: 3S-22S.



Application of platelet-rich plasma in arthroscopic meniscal repair

3814 Am J Transl Res 2023;15(6):3806-3814

[40] Burnouf T, Strunk D, Koh MB and Schallmoser 
K. Human platelet lysate: replacing fetal bo-
vine serum as a gold standard for human cell 
propagation? Biomaterials 2016; 76: 371-387.

[41] Mijiritsky E, Assaf HD, Peleg O, Shacham M, 
Cerroni L and Mangani L. Use of PRP, PRF and 
CGF in periodontal regeneration and facial re-
juvenation-a narrative review. Biology (Basel) 
2021; 10: 317.

[42] Herrmann M, Stanic B, Hildebrand M, Alini M 
and Verrier S. In vitro simulation of the early 
proinflammatory phase in fracture healing re-
veals strong immunomodulatory effects of 
CD146-positive mesenchymal stromal cells. J 
Tissue Eng Regen Med 2019; 13: 1466-1481.

[43] Hart NH, Newton RU, Tan J, Rantalainen T, 
Chivers P, Siafarikas A and Nimphius S. Bio-
logical basis of bone strength: anatomy, physi-
ology and measurement. J Musculoskelet Neu-
ronal Interact 2020; 20: 347-371.

[44] Zhou Y, Deng T, Zhang H, Guan Q, Zhao H, Yu C, 
Shao S, Zhao M and Xu J. Hypercholesterolae-
mia increases the risk of high-turnover osteo-
porosis in men. Mol Med Rep 2019; 19: 4603-
4612.

[45] Turner RT, Martin SA and Iwaniec UT. Metabol-
ic coupling between bone marrow adipose tis-
sue and hematopoiesis. Curr Osteoporos Rep 
2018; 16: 95-104.

[46] Kim M, Mok H, Yeo WS, Ahn JH and Choi YK. 
Role of ginseng in the neurovascular unit of 
neuroinflammatory diseases focused on the 
blood-brain barrier. J Ginseng Res 2021; 45: 
599-609.

[47] Mixon A, Savage A, Bahar-Moni AS, Adouni M 
and Faisal T. An in vitro investigation to under-
stand the synergistic role of MMPs-1 and 9 on 
articular cartilage biomechanical properties. 
Sci Rep 2021; 11: 14409.


