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ABSTRACT
BACKGROUND: Treatment of damage to the inner layer of the meniscus of the knee joint that does not extend to the articular 

surface remains an open question. Subsequently, these injuries can cause a complete rupture of the meniscus that already 
requires surgical treatment. Existing methods of treatment at this stage of meniscus injury have not shown their effectiveness.

AIM: Study the effect of platelet-rich plasma (PRP) on meniscus regeneration.
MATERIALS AND METHODS: The analysis of the 15 patients treatment results with the PRP method, which effectively stim-

ulates regenerative processes, was carried out. The effectiveness of the method was assessed using the following evaluation 
scales: visual analog scale (VAS), Lequesne scale, WOMAC index (Western Ontario and McMaster Universities Osteoarthritis 
Index), Lysholm scale, KSS scale (Knee Society Score) and magnetic resonance imaging (MRI).

RESULTS: According to the results of MRI performed after 6 months, there was no progression of meniscus damage after 
PRP therapy by all parameters.

CONCLUSION: The study showed an improvement in all rating scales. In addition, according to MRI data, after 6 months 
there was no progression of the degenerative process in the menisci. The presented method can be the first step in the treat-
ment of this pathology.
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АННОТАЦИЯ
Обоснование. Вопрос лечения повреждений внутреннего слоя менисков коленного сустава, не выходящих на су-

ставную поверхность, остается открытым. В отдаленной перспективе эти повреждения могут вызвать полный разрыв 
мениска и обусловливать необходимость оперативного лечения. Существующие методы лечения горизонтального 
расслоения мениска неэффективны.

Цель. Изучение влияния обогащенной тромбоцитами плазмы (PRP) на регенерацию менисков.
Материалы и методы. Проведен анализ результатов лечения 15 пациентов методом инъекций PRP, эффективно 

стимулирующей регенеративные процессы. Оценена эффективность метода по шкалам оценки: визуальная анало-
говая шкала (ВАШ), шкала Lequesne, индекс WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index), 
шкала Lysholm, шкала KSS (Knee Society Score).

Результаты. По результатам магнитно-резонансной томографии (МРТ), проведенной через 6 мес, отмечено от-
сутствие прогрессирования повреждения менисков после терапии PRP. 

Заключение. В исследовании получено улучшение показателей по всем оценочным шкалам. Кроме того, по дан-
ным МРТ, через 6 мес прогрессирование дегенеративного процесса в менисках отсутствовало. Представленный метод 
может быть первым шагом в лечении этой патологии. 

Ключевые слова: мениск; гонартроз; коленный сустав; артроскопия; обогащенная тромбоцитами плазма; резекция 
мениска; хондромаляция.
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BACKGROUND
Even in the early 20th century, the removal of a damaged 

meniscus was believed to be the only appropriate treatment. 
Cases and further studies have revealed that such treatment 
results in the earlier development of knee joint osteoarthritis. 
All this drives the need to search for new methods 
of treatment for this pathology [1, 2]. Over time, a technique 
was proposed for the partial resection of the damaged 
meniscus instead of total meniscectomy [3]. In the 1980s, 
several discoveries indicated the importance of the meniscus 
in the stabilizing and shock-absorbing functions of the knee 
joint [4, 5]. In 1989, attempts were made to transplant 
the meniscus [6]. Currently, we note a tendency toward 
the maximum preservation of the meniscus [7–9], even 
if the meniscus was previously considered a rudimentary 
structure that does not have a useful function in the body 
[10]. However, it is not always possible to save the meniscus. 
Complex and chronic injuries most often do not make it 
possible to restore the anatomical and functional structure 
of the meniscus. Problems also arise from the inability to 
prevent the progression of osteoarthritis [11, 12]. Damaged 
menisci are not prone to self-healing given the peculiarities 
of the blood supply and structural organization [13–15].

Meniscus lesions are the most common intra-articular 
knee injury and the most common causes of interventions 
performed by orthopedic surgeons [16, 17]. The average 
annual incidence of meniscus lesions is 66 cases per 100,000 
populations, including 61 cases that subsequently lead to 
meniscectomy [18, 19]. Men are at a higher risk for meniscal 
injuries than women. The incidence ratio in men and women 
ranges from 2.5:1 to 4:1, and the overall incidence reaches 
its peak at age 20–29 years for both genders  [18–23]. 
Meniscus lesions are the most common in the right knee 
joint [18]. Etiological and pathophysiological factors are 
different and depend strongly on the patient’s age [17, 24]. 
The combination of these problems creates the basis for 
the search for new methods of treatment that could prevent 
the inevitable development of osteoarthritis.

The word “meniscus” comes from the Greek “meniskos” 
and is translated as “crescent” [15]. The menisci acquire 
their shape at weeks 8–10 of gestation, formed from 
the mesenchymal tissue surrounding the joint [25, 26]. 
Fetal menisci have a cellular structure and a pronounced 
vascular pattern over the entire surface [27]. As the fetus 
develops, there is a gradual increase in collagen fibers 
in the menisci, accompanied by a decrease in the number 
of cellular structures [27, 28]. At this stage of fetal 
development, joint movements form the main orientation 
of collagen fibers in the meniscus. By age 9–10 years, only 
10%–30% of the meniscus surface has a vascular network, 
and at a more mature age, only 10%–25% of the meniscus 
surface on the periphery has vessels and nerve endings 
[27]. A mature meniscus of an adult has three zones, 
namely, red (internal), rich in vascular network; white 

(peripheral), depleted in blood vessels; and intermediate. 
The regenerative capacity should be directly related 
to the blood circulation in this area, whereas the white 
area remains susceptible to permanent post-traumatic and 
degenerative damage [29]. During this period, the areas 
of the medial and lateral menisci account for 51%–74% and 
75%–93%, respectively, of the area of the corresponding 
tibial plateau [27].

The knee joint menisci are paired, and as the name 
implies, they are crescent-shaped (Fig. 1) and located 
between the tibial plateau and femoral condyles. 
The meniscus is represented by fibrous cartilage. The shape 
of the menisci fits perfectly between the concave surface 
of the femoral condyles and tibial plateau, which has a flatter 
surface [30]. The medial and lateral menisci have different 
sizes, as the lateral menisci are 32.4–35.7 mm long and 
26.6–29.3 mm wide, whereas the medial menisci are 40.5–
45.5 long and 27 mm wide [31, 32]. Although both menisci 
are wedge- and crescent-shaped, the lateral menisci have 
various sizes, shapes, thicknesses, and degrees of mobility 
than the medial ones [27, 33].

The main stabilizing ligaments of the menisci (Fig. 2) 
are the medial collateral ligament, transverse ligament, 
meniscofemoral ligaments, and ligaments fixed to 
the anterior and posterior horns [34]. The posterior horns 
of the menisci are tightly attached to the subchondral 
bone of the tibial plateau [35, 36]. This ligamentous 
apparatus transmits the transverse and tensile load from 
the soft tissues to the bone and reduces the contact area 

Fig. 1. Knee joint structure: 1 — anterior cruciate ligament; 2 — 
posterior cruciate ligament; 3 — articular cartilage; 4 — internal 
lateral ligament; 5 — external lateral ligament; 6 — medial me-
niscus; 7 — lateral meniscus; 8 — tibia; 9 — fibula; 10 — femur;  
11 — patella.
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Fig. 2. Knee meniscus ligaments: 1 — posterior cruciate ligament; 
2 — tribal collateral ligament; 3 — medial meniscus; 4 — anterior 
cruciate ligament; 5 — patellar ligament; 6 — transverse ligament 
of knee; 7 — posterior meniscofemoral ligament; 8 — tribiofibular 
joint, superior tribiofibular joint; 9 — fibular collateral ligament; 
10 — head of fibula; 11 — lateral meniscus.
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Fig. 3. The histological structure of the meniscus: a — meniscus view from above (1 — white zone; 2 — red zone; 3 — border (red-
white) zone; b — meniscus view in cross section (1 — vessels; 2 — parallel oriented fibers; 3 — radially oriented fibers; 4 — surface 
layer cells; 5 — chondrocyte-like cells; 6 — fibroblast-like cells.
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between the articular surfaces [35]. The most common site 
of attachment of the anterior horn of the medial meniscus 
is the intercondylar region of the tibial plateau [37]. 
The posterior horn of the medial meniscus is attached 
to the tibial plateau in front of the attachment site 
of the posterior cruciate ligament [38, 39]. The medial 
meniscus body is in close contact with the joint capsule 
[40]. The anterior horn of the lateral meniscus is attached 
to the tibial plateau in front of the intercondylar eminence, 
immediately posterior and lateral to the anterior cruciate 
ligament. The posterior horn attaches to the tibia between 
the insertions of the anterior cruciate ligament and 

the posterior horn of the medial meniscus [38]. In addition, 
there is a zone of contact with the popliteal muscle 
[41]. The posterior edges of the menisci are in direct 
contact with the joint capsule, while their outer surfaces 
remain free and loose [40]. The meniscofemoral ligaments, 
also known as the Humphrey and Wriesberg ligaments, 
connect the posterior horn of the lateral meniscus to 
the insertion of the posterior cruciate ligament on the medial 
condyle of the femur. Only 46% of people have both of these 
ligaments; however, 100% of the population has at least one 
of them [34].

The structural aspects of menisci represent a very 
important part of the study of their reparative capabilities 
(Fig. 3). The meniscus consists of a dense extracellular matrix 
that consists mainly of water (72%), collagen (22%), and cell 
inclusions [42]. Other components are glycosaminoglycans 
(17%), DNA (2%), adhesion glycoproteins (<1%), and 
elastin (<1%) [13, 43]. Proportions may vary depending 
on age, injury, or pathological condition [43]. Collagen makes 
up approximately 75% of the total mass of the meniscus 
and has the main framework function [44]. Collagen type I 
predominates in the red zone (approximately 80%), whereas 
other types of collagen (II, III, IV, VI, and XVIII) account 
for <1% of the total mass. In the white zone, collagen makes 
up 70% of the tissues by dry weight, of which 60% is type II 
collagen and 40% is type I collagen [45].

Type I collagen fibers have a different orientation depending 
on the meniscus zone. Closer to the red zone, they are 
parallel to the meniscus surface, whereas at the periphery, 
they are oriented perpendicularly. Parallel-oriented fibers 
and radial-directed fibers, intertwining with each other 
in different layers of the meniscus, form a “framework” that 
ensures its structural integrity [15, 29, 46–52]. This weave 
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structure is ideal for bearing vertical and horizontal loads 
[53–55].

In addition to collagen, elastin is a structural component 
of the meniscus. The combination of mature and immature 
elastin fibers is found in very low concentrations (<0.6%) 
in the adult meniscus. The exact biochemical and functional 
significance of elastin in the meniscus remains to be 
determined [30, 44, 56, 57].

Proteoglycans is the main component of the matrix [58]. 
These molecules include protein, glycosaminoglycans 
(chondroitin-6-sulfate, 60%), dermatan sulfate (20%–30%), 
chondroitin-4-sulfate (10%–20%), and keratin sulfate 
(15%) [43]. Aggrecan is the main large proteoglycan 
of the meniscus, whereas biglycan and decorin are 
the main small proteoglycans [59]. They are mainly involved 
in the water absorption ability of the meniscus, which 
enables it to retain its shape when compressed [59, 60]. 
Adhesion glycoproteins are also essential components 
of the meniscus matrix, as they serve as a cement-
like link between the matrix components and cells. 
The main adhesive glycoproteins in the human meniscus 
are fibronectin, thrombospondin, and collagen VI [61, 62].

There is no single classification of meniscus cells [63]. 
In the white zone of the menisci, the cells are rounded and 
behave similarly to fibrochondrocytes or chondrocyte-like 
cells [64]. The red zone cells are oval or spindle-shaped 
and are classified as fibroblasts [64]. In the superficial 
zone of the meniscus, a population of flattened and 
spindle-shaped cells without cellular inclusions was found. 
Although the exact function of these cells is unknown, 
they could be specific progenitor cells with regenerative  
capacity [65].

The blood supply to the meniscus is rather poor. 
It receives its main nutrition from the popliteal artery 
system. Branches extend from the perimeniscal plexus 
to the region of the posterior and anterior horns 
of the menisci [66].

The peripheral edge of the lateral meniscus (10%–
25% of the area) and 10%–30% of the peripheral edge 
of the medial meniscus can be considered a completely 
avascular zone. This information is important for 
understanding the regeneration process [29, 67, 68]. Vessels 
from the meniscus ligaments also provide nutrition to 
the meniscus but penetrate deep into the meniscus 
substance for a short distance [67]. The rest of the meniscus 
is nourished by synovial fluid [69].

The recurrent nerve of the common peroneal nerve 
is the main branch of menisci innervation. They follow 
the entire path with the vascular bundle, and most of them 
are located in the outer third of the meniscus, closer to 
the joint capsule [70, 71]. Mechanoreceptors accumulated 
in the posterior horns of the menisci. These are the Golgi 
bodies, Ruffini, and Paccini corpuscles [72], which have an 
important function in joint deformity, changes in pressure, 
and tension, and are responsible for neuromuscular 

inhibition, respectively [73]. In the outer 2/3 of the menisci 
and horns, free nerve endings, nociceptors, which are mainly 
responsible for pain sensitivity, can be detected to a lesser 
extent [73–79].

The structure, morphology, and biochemical 
composition of the menisci provide a number of important 
functions in the knee joint. Main biomechanical 
functions include load transfer [1, 48, 80–84], shock 
absorption [50, 55, 84–86], stability [87–91], nutrition [92, 93], 
joint lubrication [93–96], and proprioception [35, 73, 74, 
78, 97–100]. The menisci create joint congruence, reduce 
contact stress, and create a large contact surface for 
articular surfaces [80, 101].

Platelet-rich plasma (PRP) has the ability to regenerate 
tissues, which has been proven in several experimental 
studies. However, it is unknown whether percutaneous PRP 
injections are effective for internal meniscal lesions, without 
extension to the articular surfaces. Thus, our study aimed to 
analyze the effect of PRP on the ability to influence the reg
eneration of the menisci.

The issues of treatment of meniscal injury without access 
to the articular surfaces (Stoller degrees I–II) of the menisci 
remain controversial. Internal damage to the meniscus 
can lead to a decrease in sports activity and further 
rupture of the meniscus [19, 102], which further impairs 
the normal state of the cartilaginous tissue of the joint 
[103]. Conservative methods often give poor results [104], 
and surgical treatment is excluded because of the absence 
of a complete rupture [105]. Therefore, the search for new 
methods of treatment is a priority.

In this case, the rationale for using the PRP 
injection method is its physiological characteristics. Platelet 
alpha granules contain and release numerous growth 
factors, namely, hepatocyte growth factor (HGF), vascular 
endothelial growth factor, platelet-derived growth factor, 
transforming growth factor β, basic fibroblast growth factor, 
and  IGF-1 [106, 107].

Osteoplastic processes are regulated by bone 
morphogenetic proteins that induce the differentiation of bone 
progenitor cells into osteoblasts [108]. The main types 
of bone morphogenetic proteins (BMP2, BMP3, BMP7, and 
BMP8a) involved in the regulation of fracture union are 
described by Even et al. [109]. Under their action, 
anabolism prevails over catabolism, which is reflected 
in higher rates of the synthesis of type II collagen and 
prostaglandin [60, 110]. An increase in chondrocyte 
proliferation and matrix production has also been documented 
[111–114]. The increased secretion of hyaluronic acid 
affects synoviocytes [66], thereby creating the most 
favorable and balanced condition for high-quality angio- 
genesis [116].

IGF-1 in PRP can suppress programmed cell death [117]. 
Lower apoptosis rates have been found in in vivo studies by 
Mifune et al. [118]. They suggested that PRP preparations 
could have a positive effect on chondrocyte apoptosis.
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Fig. 4. The introduction of the needle into the meniscus under 
ultrasound control (the arrow indicates the needle).

In osteoarthritis, reducing pain by suppressing 
inflammation is the leading indicator of growth factor 
activity in PRP. The main effect is most likely to be exerted 
by cyclooxygenase type 2 (COX-2) and intrinsic nuclear 
factor kappa B (NF-κB), which are the main participants 
of the inflammatory cascade [109, 119, 120]. HGF is a key 
cytokine contained in PRP alpha granules, which has an 
anti-inflammatory effect by inhibiting monocyte-like cells, 
chemotaxis. This anti-inflammatory effect is mediated 
through the inhibition of NF-κB signaling and subsequent 
disruption of the expression of NF-κB-dependent pro-
inflammatory mediators [120].

Wu et al. [121] showed that PRP counteracts 
the interleukin (IL)-1β-induced inflammatory cascade and 
tumor necrosis factor alpha (TNF-a), which demonstrated 
the inhibition of IL-1 and COX-2. Lee et al. [122] explained 
the analgesic effect of PRP by an increase in the mRNA level 
of the cannabinoid receptors CB1 and CB2 (receptors that 
have analgesic and anti-inflammatory effects). Alternatively, 
PRP affects cartilage degeneration by altering autophagy 
in chondrocytes. With advancing age, the cartilage loses 
its self-renewal ability [123]. However, scientists have 
shown an increase in chondrocyte dormancy after PRP 
injection [124], which can ultimately restore this regenerative 
function through the restoration of autophagy and reversal 
of the aging process [125, 126].

MATERIALS AND METHODS
The results of treatment of patients who underwent 

intrameniscal percutaneous injection of PRP under 
ultrasound (US) control were evaluated. The control group 
included 15 patients (10 men and 5 women, Table 1).

The criteria for inclusion in the control group were age 
18–50 years, Kellgren–Lawrence grade I–II gonarthrosis, 
Stoller grade II meniscal injury confirmed by magnetic 
resonance imaging (MRI), absence of conservative treatment 
during the last 6 months, and pain syndrome for >6 months.

The exclusion criteria were age ≤18 years or >50 years, 
history of trauma, previous knee surgery, generalized 
inflammatory arthritis, systemic disease, pregnancy, severe 
infection, oncology, blood-clotting disorders or anticoagulant 
therapy, injection of corticosteroids into the knee joint, 
spinal symptoms, and overweight (body mass index should 
not exceed 27.0 kg/m2).

A Ycellbio Kit tube (Ycellbio Medical Co., Ltd., South 
Korea) was used to obtain a PRP suspension. Compared 
with similar systems (about 1 million cells/µL), this system 
for obtaining PRP is simple and safe and obtains high 
concentration of platelets. The resulting type of PRP can be 
attributed to type 3a according to the classification proposed 
by Mishra in 2011.

Components required for receiving PRP (Ycellbio/closed 
cycle):
• Ycellbio container (Ycellbio Medical Co., Ltd., South 

Korea)
• Venous blood (15 mL)
• Anticoagulant dextrose citrate (1.5 mL)
• 20 cm3 syringe (1 pc)
• 5 cm3 syringe (1 pc)
• 3 cm3 syringe (1 pc)
• 21-G needle or winged needle (1 pc)
• 40-mm 18-G needle (2 pcs)
• Alcohol-soaked gauze pad
• Tweezers
• Centrifuge Rotofix 32A (Andreas Hettich GmbH & Co. KG, 

Germany)
• Counterweights for the centrifuge

Using a 20-cm3 syringe, 15 mL of venous blood is taken 
from the patient. Initially, the inner surface of the syringe 
barrel is moistened with an anticoagulant. For this purpose, 
a 20-cm3 syringe is filled with 1.5 mL of anticoagulant 
and shaken gently. Then, an anticoagulant and collected 
blood are sequentially injected into the Ycellbio container. 
The container is installed in a special beaker, which 
is placed in the centrifuge cell. A beaker with a pre-
prepared counterweight is installed in the opposite cell. 

Table 1. Distribution of patients by age and sex

Gender
Age, years

18–30 31–40 41–50

Men 3 5 2

Women 1 3 1
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Centrifugation is performed at 3200 rpm for 4 min. After 
the centrifugation, both beakers are removed from 
the centrifuge. The erythrocyte suspension level is corrected 
in the Ycellbio container. For this purpose, using a rotary 
cap in the lower part of the container, the suspension level 
is lowered into the lower section of the container, thereby 
preventing the separation of the suspension from the plasma 
layer. The container is placed in a special beaker and then 
in a centrifuge cell, and an appropriate counterweight is 
installed.

A suspension of platelets (approximately 0.5 mL) is 
injected into the region of the posterior horn under US 
control. A small amount (approximately 0.2 mL) is also 
injected into the border precapsular zone of the joint (Fig. 4). 
After the procedure, the patients remained in the outpatient 
department for 2 h.

During the procedure, all patients noted nagging 
pain similar to toothache (5–6 points on the visual analog 
scale of pain [VAS]), which spontaneously disappear 
within 3–5 h. Rarely, the pain syndrome persisted for >12 h 
(2 patients). Apart from the PRP injection, the patients did 
not receive any other drugs or physiotherapy.

Efficacy was assessed using pain assessment scales, 
namely, VAS, Lequesne scale, Western Ontario and 
McMaster Universities Osteoarthritis Index, Lysholm scale, 
and KSS scale (Knee Society Score).

RESULTS
The results of treatment of patients are presented 

in Table 2 and in Figures 5 and 6. According to the VAS, 
Lequesne, Lysholm, KSS scales, and WOMAC index, all 
parameters improved, degree of pain syndrome decreased, 
and functional parameters increased.

CONCLUSION
The issues of treatment of damage to the inner 

layer of the knee joint menisci, which does not extend 
to the articular surface, remain. In our study, all rating 
scales demonstrated an improvement in performance. 
In addition, according to MRI data, after 6 months, no 
progression of the degenerative process in the menisci was 
observed. We believe that our method can be the first step 
in the treatment of this pathology. We obtained a patent for 
this treatment method (RU No. 2747589 dated May 11, 2021).

Monitoring of patients and further studies will give 
an accurate answer to the question of whether PRP can 
have a regenerating effect on the meniscus, since it has 
prerequisites. The authors hope the readers will get a 
holistic understanding of the subject, its possibilities, and 
the role and place of PRP in the treatment of meniscus 
injuries.

Fig. 5. MRI of the patient before the platelet-rich plasma (PRP) 
procedure.

Fig. 6. MRI of the patient 6 months after the platelet-rich plasma 
(PRP) procedure.

Table 2. Mean scores on control scales: before and 6 months after 
platelet-rich plasma (PRP) therapy

Estimation scale, 
points

Timing

Before PRP 
therapy After 6 months

VAS 5,7 1,4

WOMAC index 33,8 14,5

Lysholm scale 57,6 89,7

Lequesne scale 11,2 3,4

KSS scale 67,5 85,4

Note. VAS, visual analog scale; WOMAC, Western Ontario 
and  McMaster Universities Osteoarthritis Index; KSS, Knee Society 
Score; and PRP, platelet-rich plasma..
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