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Introduction. The vast majority of modern sports exert a significant load on the musculoskeletal system (MSS). The ever-growing popularity of sports among
underage children, their active participation in various competitions and trainings impose an increased risk of sports injuries, particularly minimal trauma and
injury of large joints. Although numerous works have addressed the development of clinical diagnostic and therapeutic methods used for MSS injuries, there
is a lack of publications on sports injuries in underage athletes.

Objective. Evaluation of current methods for diagnosis and therapy of minimal trauma and injury of large joints in underage athletes with the purpose of
selecting the most promising and effective methods.

Findings. The main causes and mechanisms of injuries are considered. Such injuries are generalized depending on the sports type. A review of available
methods for clinical and instrumental research and innovative therapeutical methods is carried out. Platelet-rich plasma therapy (PRP) was found to be the
most promising minimally-invasive biotherapy for MSS injuries, particularly with respect to children and adolescent athletes. This method restores the ana-
tomical integrity of damaged elements and relieves pain at rest, during physical exertion, and in a stress test with the possibility of preserving the function of
the injured joint and rehabilitation in the shortest possible time. PRP therapy is an alternative to conventional treatment methods, offering new prospects in
regenerative and sports medicine.

Conclusions. A comprehensive personalized approach combining clinical examination and instrumental studies is key to ensuring the accuracy and objec-
tivity of the health status of young athletes. Such an approach allows diseases to be identified at an early stage, differential diagnosis to be conducted, and
treatment efficacy to be evaluated, taking the specifics of pediatric practice into account.
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MEPCMNEKTUBbI AUATHOCTUKW N NEYEHUS MUHUMATBbHBIX TPABM U NOBPEXXOEHUN KPYMHbIX
CYCTABOB Y HECOBEPLLEHHOJIETH/AX CITOPTCMEHOB: COBPEMEHHbIE NMPEACTABJIEHUA
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T®epepanbHbIi Hay4YHO-KMHUHYECKN LEHTP AeTeit n nogpoctko ®PMBA Poccun, Mocksa, Poccust

2TocynapcTBeHHbIN Hay4YHbI LieHTP Poccuiickon ®epepaumn — deaepanbHbiii MEAULIMHCKINI 6rodunandeckmin LeHTp um. AWM. BypHassHa ®MBA Poccun,

Mocksa, Poccus

3 Poccwitckas MeuLmMHCKas akaaeMus HempepbiBHOrO MpodeccruoHansHoro obpasosaHns MuHMCTepcTBa 3apaBooxpaHeHns Poccuiickoin Gegepaumm,

Mocksa, Poccus
BBepeHue. Nogasnsiollee 60NbLUMHCTBO COBPEMEHHbIX BUOOB CMOPTa OKa3biBAKOT 3HAYUTESbHYIO Harpy3Ky Ha OonopHo-AsuratensHbit annapat (O4A).
[MoCcTOsAHHO pacTyLas NonyasapHOCTb cropTa cpean HeCOBEPLUEHHONETHYX AeTEN, NX aKTUBHOE y4YacTne B Pas/inyHbiX COPEBHOBAHUAX 1 TPEHMPOBKax
CO3[al0T MOBbILLIEHHbIN PUCK MOMYYEHUS CMOPTUBHBIX TPaBM, OCOOEHHO MUHMMANbHBIX MOBPEXAEHWUN 1 TPaBM KPYMHbIX CycTaBoB. MHOXeCTBO paboT
MOCBALLEHO KIIMHNKO-AMArHOCTUHECKUM 1 TepaneBTUHECKUM MeToAaMm, npuMeHsiowmmMea npu Tpasmax OA, ogHako MMlb HE3HaYMTEeNbHasA X YacTb
KacaeTcst UMEHHO eTCKOro CNopTUBHOIO TpaBMaTuama.
Uenb. OueHka CyLLecTBYIOLLMX METOAOB AMArHOCTUKM U Tepanuv MUHUMAaNbHbIX TPaBM 1 MOBPEXAEHN KPYMHbIX CYyCTaBOB Y HECOBEPLUEHHONETHUX
CNOPTCMEHOB AN BbIOOpa Hanbonee NepCneKTUBHbIX 1 3MMEKTUBHBIX N3 HAX.
0O6cyxaeHne. PacCMOTPEHbl OCHOBHbIE MPUHMHBI M MEXaHW3Mbl TPABM, MPOBEAEHa CUCTEMATU3aLMSA TUNOB TPaBM B 3aBMCKMOCTM OT BMAa CnopTa, BbIMNos-
HEeH aHanM3 MMEeoLLMXCH COBPEMEHHbBIX METOAOB KIMHUKO-MHCTPYMEHTAIbHOrO MCCNEA0BaHNS 1 MHHOBALWIOHHbIX METOAOB Tepanuun. BbiIiCHEHO, 4TO Hau-
6onee NepCneKTBHLIM MaIOVHBa3MBHbBIM METOAOM BroTepanumn Tpasm 1 nospexaeHnii OA, 0CO6eHHO B acnekTe NPYMEHEHNS B AETCKOW 1 MOAPOCTKO-
BOVI rpyrnne CropTCMeHOB, aBnseTca PRP-Tepanus (Tepanusa 6oraTtoin TpoMboumTamm nnaamoi). [JaHHbIi MeTo NO3BONSET CYLLECTBEHHO BOCCTaHaBMBaTb
aHaTOMUYECKYIO LIeIOCTHOCTb MOBPEXAEHHbBIX 3N1EMEHTOB, KYyNpoBaTb 601eBON CUHAPOM B MOKOE, NPy (U3NYECKON Harpy3ke 1 B CTPEeCC-TeCTe C BO3-
MOXHOCTBIO COXPaHEHN YHKLIMM TPaBMUPOBAHHOIO CycTasa v peabunMtaumm B kpatyanme cpokn. PRP-Tepanuna npegctaBnaet cobon ansrepHaTuey
TPaAVLIMOHHBIM METOAAM NIEHYEHNS, OTKPbIBAS HOBbIE FOPV30HTbLI B PEreHepaTVBHOM 1 CMOPTUBHON MeauLIVHE.
BbiBoAbl. KOMNIEKCHBI NEPCOHANM3MPOBaHHbI MOAXO0MA, O6bEeANHSAOLLNA KIMHUYECKUIA OCMOTP U MHCTPYMEHTabHbIE NCCNEA0BARHVS, ABASETCS KO-
4YeBbIM B 06€CMeHeHNI TOYHOCTU 1 OO BEKTUBHOCTM OLEHKN COCTOSHMSA 3[0POBbS OHbIX CMOPTCMEHOB; OH MO3BONSAET BbiABUTb 3a00N1€BaHNSA Ha PaHHel
cTaguy, NPoBecTy AnddepeHumanbHyo AMarHoOCTUKY U OLEHNTb 3(MEKTUBHOCTL NIEYEHNSI C YH4ETOM OCOOEHHOCTEN NeamaTpu4eckon NpakTuKn.
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INTRODUCTION

The vast majority of modern sports exert a significant load
on the musculoskeletal system (MSS). At the same time,
the frequency of various MSS diseases among athletes is
much higher than among the general population. Thus, the
prevalence of injuries as a result of sports among children
aged 5-17 years reaches about 35.8%.

The ever-growing popularity of sports among minors,
their active participation in various competitions and
training create an increased risk of sports injuries, es-
pecially minimal damage and injuries to large joints [3].
Such injuries, despite their apparent lightness, may have
serious consequences for the sports career of a young
athlete if timely and adequate diagnosis and therapy of
existing changes are not carried out, especially in the
early stages.

Accurate diagnosis and rational tactics of managing
the patient with injuries of large joints are the key factors in
achieving the maximum efficacy of therapeutic measures
[4]. Numerous publications have investigated the questions
of clinical diagnostic and therapeutic methods for MSS in-
juries, with only a few of them addressing specifically chil-
dren’s sports injuries. In order to gain a comprehensive
understanding of how protocols should be modified when
applied to underage athletes in case of injury, it seems
relevant to carry out a review of standard and innovative
methods of clinical and instrumental examination and treat-
ment of such injuries.

In this work, we review modern methods of diagnosis
and therapy of minimal injuries and damage to large joints
in underage athletes in order to select the most promising
and effective methods.

FINDINGS

General ideas about sports injury

Sports injuries as a result of intense training and competi-
tive stress may involve serious consequences for athletes.
Such events not only disrupt the training and competi-

tive processes, but also lead to long-term rehabilitation,
frequently accompanied by temporary or permanent
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restriction of physical activity. In severe cases, sports inju-
ries can cause premature termination of sporting careers
and even lead to disability, significantly impairing the quality
of life of athletes [5].

Sports-associated injuries are distinguished by a va-
riety of driving mechanisms, the anatomical and physio-
logical characteristics of the child, and the type of sports.
The International Olympic Committee Consensus Group
on the Epidemiology of Injuries and Diseases defines
sports injury as “a tissue damage or other derangement
of normal physical function due to participation in sports,
resulting from rapid or repetitive transfer of kinetic en-
ergy” [6].

Successful treatment of sports injuries depends on
accurate diagnosis, which takes into account the follow-
ing key factors: the onset of occurrence (acute injury or
injury caused by excessive exertion), the type of damaged
tissue (tendon, muscle, cartilage, bone), and the severity
of the injury (fracture without displacement or with dis-
placement) [7].

In acute trauma, the patient clearly remembers the
moment, place, cause, and circumstances of its occur-
rence, unlike injuries associated with excessive overstrain.
The most common acute injuries include sprains and liga-
ment damage (rupture), joint dislocations and fractures.
Overstrain injuries, conversely, develop gradually as a re-
sult of repetitive microtraumas that occur with excessive
and repetitive stress. One feature of such injuries is the
gradual manifestation of symptoms, when repeated mi-
crotrauma overloads the ability of tissues to auto-healing.
This is particularly important in children’s practice, given
the functional immaturity of tissues, organs, and sys-
tems of the child’s body and less developed resistance
to stress [8].

An increase in training loads, a high level of com-
petition in sports, and the requirements imposed on a
child — all these circumstances explain why sports in-
juries occupy a leading place in the morbidity structure
of young athletes. Brenner et al. showed that overexer-
tion injuries and emotional burnout of a child are the two
main reasons for ending a sporting career. It is important
to understand the mechanisms and underlying process-
es of injury for selecting an optimal examination tactics
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and timely determination of treatment criteria (conserva-
tive or operative) [10].

Understanding all aspects of sports injury, taking
into account gender and age characteristics and the
type of sports, as well as the frequency of injuries and
the likelihood of acute injury or injury as a result of over-
exertion, plays an important role in shaping a personal-
ized approach to the management of athletes, including
the development of a set of preventive measures. For a
systematic assessment of sports injuries, differentiation
is necessary by the localization of the anatomical seg-
ment and by the type of damaged injury tissue (ligament,
muscle, or bone). For example, injuries to the hip or knee
area may involve muscle contusion, muscle compartment
syndrome, tendinopathy, and tendon rupture. Most child-
hood injuries associated with excessive exertion affect the
lower extremities, especially the knees, ankles, and feet,
and also include damage to muscles and tendons [11].
Injuries from excessive loads (in comparison with acute
effects) are about twice more common in the knee joint,
while acute injuries are about three times more likely to
occur in the ankle joint [12].

According to Sheffield, the knee joint is most often in-
jured in sports such as football and rugby [13]. At the same
time, the author pays special attention to the assessment,
treatment, and rehabilitation of knee instability and the diffi-
culties faced by the attending physician in the management
of young and active patients. Other authors noted that the
prevalence of patellar tendinopathy (jumper’'s knee symp-
toms) in athletes reaches approximately 14%, while the re-
currence rate reaches 45% in volleyball players and 32%
in basketball players. The study by Bahr M.A. and Bahr R.
found that about 29-44% of elite volleyball players who
perform more than 500 jumps per week report jumper’s
knee symptoms [15]. In the structure of sports injuries, an-
kle injuries reach 10-12% of all injuries to the musculoskel-
etal system and 20-25% of all sports injuries to the lower
extremities.

According to Sobhani et al., the most common injury
in football associated with excessive strain is Achilles ten-
dinopathy. This can be explained by the large amount of
running and jumping in this kind of sports [16]. The most

Table 1. Injuries of the musculoskeletal system as a result of overstrain

common MSS injuries as a result of overexertion are pre-
sented in Table 1.

Modern methods of diagnosis of minimal injuries and
damage to large joints in children

A key factor in the successful recovery of an athlete after
injury is a comprehensive and dynamic clinical and instru-
mental examination [3, 16, 18], which allows not only the
degree of damage to be assessed, but also the progress
of rehabilitation to be traced in dynamics. The introduction
of instrumental research methods into clinical practice has
significantly extended the possibilities of early diagnosis
[3, 16]. Timely and accurate diagnosis contributes to the
speedy return of the athlete to previous physical activity
and professional loads [19].

The most common injuries of the MSS in qualified ath-
letes, including minors, are the so-called minor injuries [20],
such as bruises, sprains, chronic microtrauma, degen-
erative-dystrophic processes, etc. Most of these injuries
are manifestations of overtraining or minor sports injuries
that do not require specialized diagnosis and treatment.
However, minor injuries might disguise the initial manifes-
tations of more significant injuries and pathological condi-
tions (spondylolisthesis, protrusion and herniation of discs,
dorsalgia, vertebral ring apophyseal fracture, undiagnosed
spinal injuries, etc.), which, in the absence of timely treat-
ment, can lead to more serious health problems for an ath-
lete.

The difficulty in diagnosing minor MSS injuries is as-
sociated with their meager and non-specific symptoms.
Athletes complain of discomfort in the area of injury or mild
pain syndrome without a clear localization. As usual, such
‘complaints” are not given due importance, with their dis-
comfort attributed to a reaction to training loads, overtrain-
ing, etc. Such a situation becomes even more complicated
in case of underage athletes due to the specifics of col-
lecting and interpreting complaints in pediatric practice,
which requires a more thorough approach to interviewing a
young patient by the attending physician. Another diagnos-
tic problem is the low sensitivity and specificity of stand-
ard traumatic orthopedic tests to a number of minor MSS

Tissue Injury type

Examples of manifestation in sports

Muscles/fascia Chronic compartment syndrome;

Delayed Muscle Soreness (DOMS);

lliotibial syndrome when running

Injuries to the internal structures of the joint

Fasciitis

Tendon Tendinopathy (includes parathenonitis, Tendinopathy of the Achilles tendon in football players;
tenosynovitis, tendinosis and tendinitis) Patellar tendinosis in volleyball (jumper’s knee)

Joint Synovitis; Superior labrum anterior to posterior lesions of the shoulder (SLAP)
Injuries to the upper lip; in athletes engaged in throwing (baseball, cricket);
Chondropathy; Damage to the internal structures of the knee joint (running, jumping)

Ligamentous apparatus | Chronic degeneration/microfractures

Collateral ulnar ligament injury in baseball

Bone Stress reaction, stress fracture;
Osteitis, periostitis;

Apophysitis

Stress fracture of the metatarsal bone during running and ballet;
Medial tibial stress syndrome in running and dancing;
Osgood-Schlatter disease;

Stress fracture

Table prepared by the authors based on [21]
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injuries. Such tests are mostly focused on assessing the
passive range of motion and the active functioning of the
athlete’s musculoskeletal system, without association with
a particular sports, which limits their clinical significance
and application [21]. As a rule, minor injuries occur when
performing specific active movements characteristic of
certain sports, which are often impossible to reproduce in
a standard clinical examination.

The frequency of minor traumas and injuries of the
MSS, including in underage athletes, requires a systematic
approach to their clinical and diagnostic examination based
on a thorough collection of complaints and anamnesis,
permitting timely diagnosis of the existing pathology and
developing a personalized treatment approach.

Dietvorst et al. described a diagnostic procedure for an-
terior cruciate ligament injuries in children and adolescents,
confirming the diagnostic value of anamnesis collection,
physical examination, and arthroscopy [22]. Endele et al.
showed sufficient efficacy of standard clinical, radiological,
and ultrasound diagnostics for primary detection of frac-
tures and ligament injuries of the ankle joint in children [23].

A thorough history collection is an indispensable tool for
diagnosing MSS injuries, which allows not only the mecha-
nism of injury to be identified, but also a conclusion about
the intended type of injury to be made, thus suggesting
the most appropriate directions for further examination and
treatment.

The pain syndrome may be diffuse or local in nature.
When determining the intensity of pain, the Visual Analogue
Scale (VAS) is most often used, including in traumatology
practice [24]. Physical examination includes examination of
the joint for swelling and palpation for soreness. Among the
assessed factors are local temperature, soreness, fluctua-
tion, sensitivity disorders (hyperesthesia, hyposthesia, an-
esthesia), tissue turgor, skin and muscle condition, tissue
swelling, crepitation of fragments, patellar balloting, and
tendon mobility. Palpation is diagnosed with crepitating
and stenosing parathenonitis, clicking joint, and snapping
scapula syndrome. In addition, the length and circumfer-
ence of the limb are measured, and the amplitude of its
movements is determined.

In modern clinical practice, preference is given to highly
informative research methods. X-ray examinations signifi-
cantly extends diagnostic capabilities, providing data that
cannot be detected by conventional clinical methods.
Ultrasound examination (ultrasound), magnetic resonance
imaging (MRI), and multispiral computed tomography
(MSCT) are currently used as the main methods of choice
for visualization of bone and cartilage structures [3, 16]. The
publications addressing the issues of visualization highlight
the importance of radiography, ultrasound, and additional
methods (if necessary) for the diagnosis of MSS injuries.

Ultrasound diagnostics of the joints demonstrates a
sufficiently high accuracy in the diagnosis of intra-articular
injuries. The most frequently detected injuries the knee joint
were found to be damage to the inner and outer menisci. A
study into latent intraarticular knee joint injuries in children
showed the need to use MRI diagnostics to establish a di-
agnosis in the absence or minimum amount of radiological
data [26]. The importance of magnetic resonance imaging
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in the diagnosis of damage to the ligamentous apparatus of
the knee joint in children was noted in [27].

MRI implies a high soft-tissue contrast, allowing exam-
ination in any plane and taking into account the anatomi-
cal features of the patient (including three-dimensional
images). Moreover, MRl is the only noninvasive diagnostic
method with high sensitivity and specificity in detecting
edema and infiltration of bone tissue. Thus, even minimal
damage to the menisci can be detected, including in pedi-
atric practice. MRI diagnostics allows the physician to es-
tablish an accurate diagnosis and prescribe appropriate
treatment.

Thus, modern diagnostics of sports injuries is based on
an integrated approach, including medical history, which
determines the nature of the injury, the circumstances of
the injury, the duration of injury (acute or chronic), clinical
examination (with provocative tests), as well as additional
examination methods (CT, MR, ultrasound, radiography of
damaged limb segments, and standard laboratory tests,
such as clinical and biochemical blood tests). In case of
MSS injuries in children, along with applying standard ap-
proaches to patient management, special attention should
be paid to collecting complaints and anamnesis. Indeed,
the lack of information or its incorrect interpretation can
cause an incorrect diagnosis and, as a result, incorrect ex-
amination and treatment tactics.

Therapy of minimal injuries and damage to large joints
in children

The method and duration of treatment (conservative or
operative) are determined by the specifics of injury (which
tissue is damaged, the degree of damage), the age of the
young athlete, and the kind of sports he or she is engaged
in. The most common sports injuries that do not require
specialized medical care include superficial injuries, name-
ly: soft tissue bruises, sprains, ruptures of the ligamentous
apparatus, joint damage.

The first stage of treatment of sports injuries in chil-
dren is based on the PR..C.E and/or R.I.C.E protocols:
Protection, Rest, Ice, Compression, Elevation (PRICE).
Within this framework, Protection is understood as limit-
ing or excluding the load with the help of crutches, a cane,
partial immobilization of the injured area with a bandage,
splint or bandage. Rest provides for restriction of move-
ments or “relative” rest, when actions that load the injured
area to such an extent that pain occurs, or which can slow
or prevent healing, are excluded. Ice cryotherapy is applied
in acute injuries to reduce swelling and pain. Compression
includes the use of a compression bandage, i.e., an elastic
bandage for easy support of damaged tissue. Elevation is
understood as placing the damaged area above the level
of the heart in order to reduce the accumulation of fluid in
the damaged limb or joint and, as a result, reduce the level
of pain [28].

RICE is the basis for the treatment of acute soft tissue
injuries, promoting a conservative approach during the
first 24-48 hours after injury. The purpose of this proto-
col is to minimize bleeding, reduce swelling, and alleviate
discomfort at the site of injury, which measures potentially
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speed up the recovery process [28]. Scientific discoveries
and advances in clinical practice have suggested that RICE
cannot be a versatile approach for all injury treatment sce-
narios [29, 30].

New data confirm the use of more active recovery
strategies based on the following principles: Movement,
Exercise, Analgesia, Treatment (MEAT); Protection,
Optimal Loading, Ice, Compression, Elevation (POLICE),
and Protection, Elevation, Avoid anti-inflammato-
ries, Compression, Education and Load, Optimism,
Vascularization, and Exercise (PEACE and LOVE) [31, 32].
Thus, the above principles emphasize the importance of
early motor activity, individual exercises, and compre-
hensive care to improve healing and functional recovery.
At the same time, the fundamental elements of RICE still
retain their value, especially when providing emergency
care after injuries [33].

Various treatment methods are aimed at restoring the
anatomical integrity and functionality of joints, minimizing
pain syndrome, preventing the development of complica-
tions and chronic joint diseases, and (most importantly) en-
suring a safe and speedy return to sports.

In modern clinical practice, the following methods of
treatment of minimal injuries and damage to large joints are
distinguished:

1. Conservative treatment

e |mmobilization of the joint: fixation of the joint with plas-
ter, orthoses or bandages, which is necessary to stabi-
lize the joint and prevent further damage;

e Pharmacotherapy: the use of painkillers, anti-inflam-
matory, and other drugs to relieve pain and reduce the
inflammatory process. Drug therapy may be effective
for mild injuries; however, it may not always completely
eliminate the symptoms. In addition, some drugs may
have side effects, such as allergic reactions and gastro-
intestinal disorders [35, 36];

e Comprehensive medical rehabilitation, including reha-
bilitation programs: physical therapy (a set of exercises
aimed at restoring the amplitude of movement in the
joints, muscle strength, coordination of movements and
balance), massage, physiotherapy (to reduce inflamma-
tion, relieve pain, and accelerate the rehabilitation pro-
cess).

Conservative treatment of minimal injuries and dam-
age to large joints in underage athletes has a number of
advantages. Such a treatment approach is non-invasive,
requiring no surgical intervention. This reduces the risk
of postoperative complications, infections, and scarring
of tissues, being associated with minimal risk (compared
to surgery, conservative treatment is less risky for young
athletes, especially during periods of active growth) and
cost-effectiveness. However, conservative treatment has a
number of limitations, e.g., it may not be effective enough
for severe injuries. In addition, conservative treatment re-
quires a long recovery period and increases the risk of de-
veloping chronic instability, which can lead to repeated in-
juries. Thus, conservative treatment is a promising method
of treating minimal injuries and damage to large joints in

underage athletes; however, in some cases, surgical inter-
vention may be required.

2. Surgical treatment

Surgical intervention is used for severe injuries requiring
restoration of the integrity of ligaments, cartilage, or bones,
as well as for stabilizing joints. Indications for surgical inter-
vention include a complete or partial rupture of ligaments,
not amenable to conservative treatment, broken bones of
the joint that needs fixing fragments, and inflammatory pro-
cesses that are not amenable to conservative treatment,
cartilage defects, causing pain, limited mobility and threat-
ening the destruction of the articular surface, permanent
dislocations or subluxations, which are not amenable to
conservative therapy [39]. Surgical intervention allows the
anatomy of the joint to be restored and its stability to be
ensured. It may be necessary for restoring function, pre-
venting repeated injuries, reducing pain, improving joint
mobility, and improving the quality of life of an athlete. The
disadvantages of this treatment include the risk of compli-
cations and a long period of rehabilitation.

Thus, surgery for joint injuries in athletes, including mi-
nors, is a serious intervention that requires careful planning
and an individual approach.

3. Minimally invasive methods (intra-articular injections)

PRP therapy (Platelet Rich Plasma) is an innovative treat-
ment method that is actively used in various fields of medi-
cine, especially in orthopedics and sports medicine [40,
41]. This method is based on the use of autologous (own)
blood plasma of the patient, enriched with platelets [40].
Platelets contain growth factors that stimulate tissue re-
generation, accelerate healing, and promote recovery af-
ter injury or surgery [41]. One of the main advantages of
PRP therapy is rapid recovery after the procedure [40, 41].
Patients can return to sports activities within a few days af-
ter this procedure. In addition, PRP can help improve blood
circulation and metabolism in the tissues of the joint, which
also contributes to their recovery. This method is safe and
associated with a minimal risk of allergic diseases. It is im-
portant that the composition of PRP can be adapted to the
individual needs of the patient. This makes this method ver-
satile for various types of injuries and diseases. In addition,
it has become possible to use PRP in professional sports,
despite the content of growth factors in the composition.
Growth factors are independently considered as doping
and, in accordance with the decision of the Anti-Doping
Agency, were the reason for deterring the use of PRP until
2011 in sports medicine for muscle damage [42].

Thus, there are several options for the treatment of
MSS injuries, while the choice of a specific method de-
pends on the type of damaged tissue, the nature and se-
verity of the damage, the age of the athlete, and the type
of sports, as well as the type of injury (acute or related
to overstrain/overstrain). In order to alleviate pain, shorten
the rehabilitation period, and return to high-performance
sports as soon as possible in the absence of indica-
tions for surgical treatment, minimally invasive methods,
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including PRP therapy, both as monotherapy and in com-
bination with conservative treatment, are undoubtedly a
priority in application [43].

PRP therapy as an innovative method of treating
minimal injuries and damage to large joints in
pediatric practice and sports medicine

Modern knowledge about the anatomy and physiology of
child development, taking into account age-related fea-
tures and growth processes, combined with advanced ex-
amination methods (MR, CT, ultrasound) have brought the
diagnosis of injuries and injuries to a qualitatively new level,
allowing even minimal damage to be detected and appro-
priate pathogenetically justified treatment to be prescribed
[3, 18].

Conservative treatment, including rest, immobilization,
and physiotherapy, has undoubtedly proved its effective-
ness over time. However, modern conditions are increas-
ingly requiring faster healing of the damaged part and time-
ly return to athletic fitness, including in high-performance
sports [34-36]. This has become an incentive to search for
new treatment methods.

In the field of orthopedic medicine, the search for
innovative therapies aimed at relieving pain, accelerat-
ing recovery, and promoting tissue regeneration has led
to the emergence of regenerative therapy as a promis-
ing direction. Regenerative therapy is based on the use
of innovative cellular technologies and products to repair
damaged tissues and organs. As part of the development
of regenerative therapy, the use of orthobiologics prod-
ucts, i.e., biological substances that contribute to faster
recovery of damaged tissues, is of great importance.
These include hyaluronic acid, platelet-rich plasma (PRP),
mesenchymal stem cells, bone marrow aspirate concen-
trate (BMAC), and cultured mesenchymal stem cells [44].
Orthobiological products are naturally found in the body;
however, they can help accelerate the healing process in
higher concentrations.

PRP therapy is among the most recent methods of
biotherapy of MSS injuries. This approach shows positive
results in relieving pain syndrome, improving functional
state, and shortening the rehabilitation period in patients
with injuries of the musculoskeletal system [46-48]. PRP
is an orthobiological treatment method based on the use
of biologically active platelet molecules. At baseline levels,
platelets function as a natural reservoir of growth factors,
including platelet-derived growth factor (PDGF), epider-
mal growth factor (EGF), transforming growth factor beta-
1 (TGF-B1), vascular endothelial growth factor (VEGF),
basic fibroblast growth factor (FGF), hepatocyte growth
factor (HGF), and insulin-like growth factor (IGF-I). PRP is
commonly used in orthopedic practice to accelerate tis-
sue healing as a result of injuries, including those related
to sports.

According to Russian and foreign literature, PRP is a
generalizing term for a group of human autologous blood
products. PRP includes products derived from autologous
blood, such as platelet-rich plasma and autologous con-
ditioned plasma. Platelet-derived products are classified
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into pure PRP (Pure Platelet-Rich Plasma/P-PRP), plasma
enriched with growth factors (Plasma Rich Growth Factors/
PRGF), leukocyte and platelet plasma, pure platelet-rich
fibrin  (P-PRF), and leukocyte (Leukocyte-Platelet-Rich
Fibrin/L-PRF), and platelet fibrin (Advanced/A-PRF). The
composition of these products may vary depending on the
content of cells and fibrin, as well as on the density of the
fibrin network [52].

In 2009, the first classification of platelet concen-
trates was proposed [53]. This classification is simple and
based on the content of certain blood components and
their quantity. This classification divides products accord-
ing to two main parameters: cellular composition (mainly
leukocytes) and fibrin architecture. This separation made it
possible to identify the four main families for product rear-
rangement given below.

1. Pure platelet-rich plasma (P-PRP) or leukocyte-
poor platelet-rich plasma products are preparations with-
out leukocytes and with a low-density fibrin network after
activation. By definition, all products of this family can be
used in the form of liquid solutions or in the form of an
activated gel. Therefore, it can be injected (in the form of
a solution) or applied as a gel to the surface of a wound
or suture (similar to the use of fibrin adhesives). This family
includes platelet-rich Plasma (PRP) and autologous con-
ditioned plasma (ACP).

2. Plasma products enriched with leukocytes and
platelets (L-PRP), which are preparations with leukocytes
and a low-density fibrin mesh after activation. By defini-
tion, like P-PRP, all products of this family can be used in
the form of liquid solutions or in the form of an activated
gel [54].

3. Pure platelet-rich fibrin (P-PRF) or leukocyte-poor
and platelet-rich fibrin are preparations without leuko-
cytes, but with a high-density fibrin network. By definition,
these products exist only in the form of a highly activated
gel and cannot be injected or used as traditional fibrin
adhesives.

4. Leukocyte- and platelet-rich fibrin (L-PRF) products
are preparations with leukocytes and with a high-density
fibrin network [55].

The classification described above covers all forms of
platelet concentrates. In traumatology and orthopedics,
another classification has been proposed, which is based
on the use of platelet-enriched plasma (PRP only).

Mishra et al. proposed to classify PRP products taking
into account the concentration of platelets and leukocytes
specifically for use in therapeutic practice in athletes [49].
This classification divides PRP into four types depending
on the presence or absence of white blood cells, as well
as whether PRP is activated or not. According to this clas-
sification, type 1 PRP is an L-PRP solution, type 2 PRP is
an L-PRP gel, type 3 PRP is a PPRP solution, and type 4
PRP is a P-PRP gel. This design classification is similar
to the general one published in 2009; however, the divi-
sion of PRP products is limited by cellular composition
and activation, which makes it more understandable for
clinical use [49]

The only new parameter in the above classification is
the assessment of platelet concentration, and type A PRP
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is five times (or more) higher than the concentration of
platelets in the blood, and type B PRP is only five times
higher than the concentration of platelets in the blood.
The latter parameter is controversial, since the concept of
accounting for platelet concentrations in an PRP product
has been largely rejected in previous years for a logical
reason, i.e., platelet concentration depends only on the
volume of liquid serum used to maintain platelets in sus-
pension. The amount of serum varies greatly depending
on the protocol and the expected use, having no influence
on the intended effect. The concept of the absolute plate-
let count would be more logical, although the effect of this
parameter on clinical results has not received confirma-
tion in publications. From this point of view, the fivefold
threshold does not have a generally accepted meaning
and justification [56].

PRP exhibits a pronounced anti-inflammatory, analge-
sic, pro-regenerative, and anti-apoptotic effect, stimulates
the growth and migration of fibroblasts and osteoblasts.
Therefore, it is increasingly used to treat the consequences
of MSS injuries. Numerous studies have confirmed the ef-
fectiveness of PRP in patellar tendinopathy, lateral epicon-
dylitis, rotator cuff injury, tendon and muscle injuries of vari-
ous localization [50, 51].

Thus, PRP therapy is a promising method for treating
damage to large joints, which can become an alternative to
conventional methods of treatment, such as conservative
therapy and surgery.

CONCLUSION

Modern medicine pays particular attention to the diagnosis
of trauma in young athletes, focusing, among other things,
on rehabilitation measures after minimal injuries and dam-
age to large joints. Understanding the circumstances of
such injuries (causes, onset, mechanisms), as well as the
precise definition of damaged tissue in a specific segment
of an athlete’s limb, are key for determining an optimal ex-
amination tactics, developing an individual treatment plan,
and predicting both the recovery process and the possibil-
ity of returning to full-fledged athletic activity. Special atten-
tion should be paid to young athletes whose musculoskel-
etal system is only in the formation stage, thus being more
vulnerable to damage.
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