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st

AxoHAponaasusa —31o Hanbosee pacnpocTpaHEHHbIN BUA, CKENETHOW AUCNIa3MN. B ocHOBe 3a60/1eBaHMA NeKaT HapyLEHHbIe MPOLecchl SHXOHAPasb-
HOrO OKOCTEHeHUs B pesysibTaTe MyTauum FGFR3 (peuenTopHbIii dpakTop pocta dnubpobnactos).

B cTaTbe npeAcTaB/ieHbl CBeAEHUA, Kacatolmecs Kak KOHCepBaTUBHBIX, TaK U ONepaTUBHbIX METOAOB IeYEHWA YKa3aHHOW NaToNOrMK, a TaKKe CBO-
€BPEMEHHO AWMAarHOCTUKMU axoHAponiasuu. [lokasaHo, 4To 3aboneBaHWe BNepBble MOXKET ObiTb 3aM0f03peHO Yy NAoAa Ha cpoke 15-16 Hepenb be-
PEMEHHOCTU }KEHLLMHbI BO BPEMA NPOBeLeHNUs Nepsoro Y3 uccnefosaHus. Y HOBOPOXKAEHHOMO OTMEYALOTCA BblPaXKEHHbIE AUCIPONOPLUM CKeneTa:
60/1bLUasA ro10Ba C BbINUPAIOLLMM 3aTbIIKOM M 160M, BTAHYTas NepeHoCHLa, «CeAN0BUAHbINY» HOC, TMNONAa3ua CpeaHel YacTu nua. BepxHue 1 HUK-
HME KOHEYHOCTM YKOPOUeHbl, MPEUMYLLECTBEHHO 3a CYET NPOKCMMAsbHBIX OTAEN0B. B nocneaytowem dbopmupytoTca BapycHble gedopmaLum HUX-
HUX KOHEYHOCTEN, KUdO3 rpyAHOro OTAeNa NO3BOHOYHMKA, MOACHWUYHbIA 0PA03, TMNepMOBUNBHOCTb CyCTaBoOB. U3yyeHne ocobeHHOCTel pa3BUTUA
naTosI0rMM MO3BO/IMAIO pPa3paboTaTth Npenapat, BAUAIOLWLMIA Ha 3BEeHbA NaToreHesa 3abonesaHus — socoputua,. Mpenapat bbin He ToNbKO pa3paboTaH
aMepuKaHCKoM B1oTexHoorMYeckoi komnaHueit BioMarin Pharmacetical, HO M KAMHWYECKM UcNbITaH ¢ yyacTMem 156 geTel B Bo3pacTe oT 5 go 14
net. B xoge nccnegoBaHua 6blaM NOAYYEHbI Cedytolme pesybTaThbl: AUCNPONOpLMA He MPOrpeccupoBana, AeTH BbIPOCAU B cpeaHem Ha 1,57 cm 3a
rog. B cTaTbe Take NpeACcTaBAeHbl CBeeHUA 06 UCMONb30BaHUM Pa3NNYHBIX BUAOB OCTEOTOMMIA KOCTEW KOHEYHOCTEN, KOTOpble NO3BOAAIOT YBENU-
YUTb POCT NaLMeHTa Ha 24-28 cm. Bonpocsl paHHEel AMarHOCTUKM M MOUCK ONTUMA/IbHOM TaKTUKU KOHCEPBATUBHOMO M ONEepPaTUBHOIO eYeHus aeTei
C axoHAponnasuneil, No-NpexHeMy, OCTatOTCA aKTyaNbHbIMU.

Llenb HacToALLel 0630pHOM CTaTbW 3aK/NOYAETCA B aHa/IM3€e AaHHbIX OTEYECTBEHHOM U 3apybexHON IMTepaTypbl, KacatloLmeca sTMonaToreHesa, Ku-
HUKM, ANATHOCTUKK, @ TaKXKe pe3y/ibTaToB KOHCePBATUBHOIO M ONEPATUBHOTO JIeYEHMA.

MouCK nnTepaTypHbIX UCTOYHUKOB NPOBOAMACA MO TakMM Basam AaHHbIX, Kak PubMed, Medscape, Cochrane Library, Medical ND, elibrary cpeamn
MEAMLMHCKUX HayYHbIX CTaTel, onybanKoBaHHbIX B nepuog, ¢ 1981 no 2022 roabi.

KnioueBble cnoBa: axoHOponsaasus, demu, KOHCEPBAMUBHOE U 0NepamusHoe fe4yeHue, 80CopUMUO, 3HXOHOPAIbHOE OKOCMeHeHUe.
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Achondroplasia is the most common type of skeletal dysplasia. The basis of the disease lies in impaired processes of endochondral ossification as a
result of an FGFR3 mutation (fibroblast growth factor receptor 3).

This article presents information regarding both conservative and surgical methods of treating this pathology, as well as the timely diagnosis
of achondroplasia. It has been proven that the disease may first be suspected in a fetus at 15-16 weeks of gestation during the first ultrasound
examination. In newborns, marked skeletal disproportions are observed: a large head with a prominent occiput and forehead, depressed nasal bridge,
“saddle” nose, and hypoplasia of the midface. The upper and lower limbs are shortened, predominantly due to the proximal segments. Subsequently,
varus deformities of the lower extremities, thoracic kyphosis, lumbar lordosis, and joint hypermobility develop. The study of the development of this
disorder made it possible to create a medication, vosoritide, acting on the pathogenic mechanisms of the disease. This drug was not only developed
by the American biotechnology company BioMarin Pharmaceutical, but also clinically tested on 156 children aged 5 to 14 years. The following results
were obtained in the course of the study: disproportions did not progress, and the children grew on average by 1.57 cm per year. The article also
presents data on the use of various types of limb bone osteotomies, which make it possible to increase patient height by 24-28 cm. Issues of early
diagnosis and the search for the optimal strategy of conservative and surgical treatment in children with achondroplasia remain relevant.

This review article aims to analyze data from domestic and foreign literature concerning etiopathogenesis, clinical manifestations, diagnosis, and the
results of conservative and surgical treatment.

Literature sources were searched in databases such as PubMed, Medscape, Cochrane Library, Medical ND, and eLibrary among medical research
articles published between 1981 and 2022.
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BBEOEHUE

BonesHb Mappo-Mapu, mukpomenus, avadusapHas annasws,
BPOXAEHHAA XOHAPOAMCTPODUA — BCE 3TO CUHOHUMbI TaKOW Manows-
BECTHOM NaToNOMMK, KaK axoHaponnasua [1-4].

TepMUH «axoHApONiasms» Bnepsble 6bla MCNonb3oBaH B 1878
rogy ¢paHuysckum Tepanestom Xionem MMappo, v B nepesoge ¢
TPEYECKOrO A3blKAa O3HAYAEeT OTCYTCTBME XPALLEBOM TKaHW (a — HeT,
chondros — xpsw, plasia — bopmmnpoBaHKE), XOTA U He ABNSETCA TOY-
HbIM. Y 60/IbHbIX C YKa3aHHOM NaTosorMelt OTMEYaeTca He OTCyTCTBUE
XPALLEBOM TKaHW, a HapyLieHne GU3noNorMieckoro npouecca eé npe-
06pa3oBaHMA B KOCTHYI. AXoHApONa3na B 20% cnyyaes nepesaérca
no HacneacTsy, a B 80% — B pe3ynbraTe Brepsble BO3HUKLLEN MyTaLWm
FGFR3 (peuenTopHbliit pakTop pocta ¢pubpobnactos [5-7]. AaHHas
MyTaLusa NPUBOAMT K NOCTOAHHOM aKTMBHOCTU 3TOrO peLienTopa, YTo
BEZET K CHUXKEHMIO aKTUBHOCTU XOHAPOLMTOB [8].

HapyweHwue ¢wusnonormyeckoro npouecca npeobpasoBaHus
XPALLEBOW TKAHU B KOCTHYHO MPUBOAMUT K YKOPOUEHUIO KOHEUHOCTEW U
HMU3KOMY POCTY YeoBeKa (CPesHMI POCT B3POC/IOTO MY KUMHbI COCTaB-
naet 131 cm, KeHWwmHbl — 123 cm). OCHOBHble NpU3HaKM 3aboneBaHns
y ZieTelt 1 B3poC/bix BblaM onvcaHbl HeBposiorom Meepom Mapu yike
8 1900 rogy [1-3].

Apxeonornyeckans MHPoOpmaLmMa O AAAX C axoHAponnasuen
BrnepBble nosBuaach B [lpeBHem Erunte. Mcxoaa U3 HaaeHHbIX U30-
OpaskeHnin Ha rPOBHMLAX, CTaN0 ACHO, YTO Kap/AMKK paboTann TaH-
Llopamu, tOBEIMPaMK, apTUCTaMU M Jaxe 3aHUMaNuU afMUHUCTPa-
TUBHbIE JO/MKHOCTU. K HUM OTHOCM/IUCL BeCbMa MOYTUTENbHO U He
CYUTANM WX HapYLUEHWS 3a OTKIOHeHuA. Jllogel ¢ axoHaponnasuen
HaCTONbKO YBaanu, NosTomy norpebanu ux ¢ 60abLION YeCTblo pA-
ZI0M ¢ NMpamuaamm [2].

AxoHpaponnasusa BCTpeYaeTca BO BCEX CTPaHaXx, MPY 3TOM OKO/0
250000 yenoBeK BO BCEM MMpPE MPOMKMBAIOT C JAHHOM NATONOMMEN.
YacToTta axoHgponnasum coctaeaset 1 Ha 26000-28000 HOBOPOKAEH-
Hbix [9]. AxoHaponna3susa — 3To 3aboneBaHue, KOTOPOE OTHOCUTCA K
pa3psaay dusapHbIX AUcnasnii ckeneta. B ocHose faHHOW natonornm
CTPaAatoT NPOLECChl 3HXOHAPANbHOTO OKocTeHeHus [6, 10]. Xapak-
TEPHBIMW KJIMHWUYECKMMM MPU3HAKaMK 3ab601eBaHUA ABNAIOTCA AMUC-
nponopLMA B CTPOEHWUM CKeNeTa 3a CHET YKopoUueHusa u gedpopmaLmm
KoHeuHocTew, rugpouedanus [1]. OfHaKo TAKECTb COCTOAHUA Y AaH-
HOW KaTeropuu naLmeHToB 06yCcN0BAEHA ULWIEMUYECKUMM HapyLLEeHN-
AMM, KOTOPbIE BO3HMKAIOT B pe3y/ibTaTe LePBUKO-MeayNNAPHON KoM-
npeccuu, BbI3BaHHOM CTEHO30M DO/IbLIOrO 3aTbl/IOYHOTO OTBEPCTUA
[11-13]. Mwemmnyeckune HapylLeHWs B NOCAeaytoWem MoryT pacnpo-
CTPAHATLCA U HA KaydasibHble OTZAENbl CTBO/MA OJI0BHOTO MO3ra, YTO
NPUBOAMT K NOPAXKEHUIO AAEP AbIXaTeNbHOIO LIEHTPA, LEeHTPabHOMY
anHoe U ABAAIOTCA MPUYMHOW BHe3anHoW cmeptn Bo cHe [11]. Mo-
MMMO 3TOTO, BO3MOXKHO Pa3BuTME HEBPOOrMYECKON CUMNTOMATUKM
(MbllIeyYHan rMNoToHWA, TeTpanapes U T.4.) B pe3y/bTate CAaBAeHUs
CTBOMA MO3ra B KpaHWoLepBUKanbHOM nepexoae [3, 13].

Bcé BbllweckasaHHOe NpeacTaBnseT uHTepec K npobneme paH-
Hell AMarHOCTMKM U NOMCKA HOBbIX COBPEMEHHbBIX METOA0B leveHus
axoHaponaasuu. [InarHo3 axoHAponiasusa Brepsble MOXKeT ObITb 3a-
NoZ03peH y Ni1oAa Ha cpoke 15-16 Heaenb 6EPEMEHHOCTH KEHLLMHbI
BO Bpems nposeseHus nepsoro Y3U [9].

Mo AaHHbIM MapUKCKOW KnaccuduKaLmm HacNeaCcTBEHHbIX 3a-
60n1eBaHNI aXxOHAPOMNIA3UA OTHOCUTCA K rpynne 3aboneBaHuit, KoTo-
pble AMarHOCTMPYHTCA NpU poxaeHuu [9].

KnnHnyeckan kapTuHa 6one3Hu, Kak NpaBMo, TUNUYHA. Y HOBO-
POXAEHHOTO pebEHKa ABHO BbIPaXKeHbl AUCNPONOPLMN B CTPOEHUU
CKeneTa: ros108a 60/1bLIMX pa3mMepoB C BbICTyNaoLWMM 160M 1 3aTbln-
KOM, 3anaBLUas NepeHocMLa, HOC «CeaNoBUAHOM» GOPMbI, OTMEYaeT-

INTRODUCTION

Parrot-Marie disease, micromelia, diaphyseal aplasia, and
congenital chondrodystrophy are all synonyms of the little-known
pathology called achondroplasia [1-4].

The term “achondroplasia” was first used in 1878 by the
French physician Jules Parrot and, in translation from Greek,
means “absence of cartilage” (a — none, chondros — cartilage, pla-
sia — formation), although it is not entirely accurate. In patients
with this pathology cartilage is not missing, but the physiological
process of its transformation into bone is disturbed. Achondro-
plasia is inherited in 20% of cases, and in 80% it results from a de
novo FGFR3 mutation (fibroblast growth factor receptor 3) [5-7].
This mutation leads to constant receptor activation, which results
in decreased chondrocyte activity [8].

Disruption of the physiological process of cartilage trans-
formation into bone leads to limb shortening and short stature
(average adult male height is 131 cm, female — 123 cm). The main
features of the disease in children and adults were described by
the neurologist Pierre Marie as early as 1900 [1-3].

Archaeological data about people with achondroplasia first
appeared in Ancient Egypt. Based on images found in tombs, it
became clear that dwarves worked as dancers, jewelers, artists,
and even held administrative positions. They were treated with
great respect and were not considered deviants. People with
achondroplasia were so highly regarded that they were buried
with honor near the pyramids [2].

Achondroplasia occurs worldwide, with approximately
250,000 people having this condition. The prevalence of achon-
droplasia is 1 in 26,000-28,000 live births [9]. Achondroplasia is a
disease that belongs to the group of physeal skeletal dysplasias.
The pathological basis of this disease is impaired processes of
endochondral ossification [6, 10]. The characteristic clinical signs
are skeletal disproportions due to limb shortening and deformity,
and hydrocephalus [1]. However, the severity of the condition in
this patient population is determined by ischemic disorders aris-
ing from cervicomedullary compression caused by stenosis of the
foramen magnum [11-13]. These ischemic disorders may subse-
quently extend to the caudal part of the brainstem, leading to in-
volvement of respiratory nuclei, central apnea, and sudden death
during sleep [11]. In addition, neurological symptoms (muscle hy-
potonia, tetraparesis, etc.) may develop as a result of brainstem
compression at the cranio-cervical junction [3, 13].

All of the above highlights the importance of early diagnosis
and the search for new, modern methods of treating achondro-
plasia. Achondroplasia may first be suspected in a fetus at 15-16
weeks of gestation during the first ultrasound examination [9].

According to the Paris classification of hereditary diseases,
achondroplasia belongs to the group of conditions diagnosed at
birth [9].

The clinical presentation is usually typical. A newborn exhib-
its apparent skeletal disproportions: a large head with a promi-
nent forehead and occiput, a depressed nasal bridge, a “sad-
dle-shaped” nose, and underdevelopment of the midface [5-9].
Such children usually begin to hold their heads up later than usu-
al. This occurs because greater strength of the suboccipital mus-
cles and spinal extensors is required to lift and balance a large
head on a short, mobile neck [14, 15].

Radiological examination of patients with achondroplasia
reveals disproportions between the cranial vault and facial skel-
eton. The skull base is shortened, the cranial vault bones are
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CA HelopasBUTUE CpeaHel YacTv mua [5-9]. Takne 4eTu, Kak npasu-
110, NO3AHO HAYMHAIOT AepPKaTb ronosy. ITO NPOUCXOAUT BCIEACTBUE
TOro, YTo PebEHKY TpebyeTca Bonblue CUbl NOA3ATbIIOYHbBIX MbILLL,
U MbILL, pa3rnbaTeneid CnuHbl, 4Tobbl NOAHUMATL U YAEPKMBATb B
PaBHOBECKM KPYMHYHO r0/I0BY Ha KOPOTKOM NoABuKHOW wee [14, 15].

PeHTreHonornyeckoe obcnesoBaHne 6OMbHBIX C axOHApoONaa-
31ell NO3BONAET BbIABUTb HECOOTBETCTBME MEXY MO3rOBOM U nLe-
BO YacTblo Yepena. Mpu 3ToM, OCHOBaHMe Yepena yKopoYeHo, KOCTH
CBOJA YBE/NMYEHbI, 3aTbl/IOYHOE OTBEPCTME yMeHblueHo [8]. Takoe
HeCcTaHJapTHOe CTPOeHWe Yyepena 1 INLEBOrO CKesleTa y AaHHOW Ka-
TEropuu NaLMeHTOB MOXKET NMPUBECTM K HAPYLLIEHWIO IOTaHUA, AblXa-
HUA, PEYM U CHUMKEHMIO cayxa [1, 16]. Y 60o/bHbIX C axoHAponaasuei
BbIAB/IAETCA YKOPOUEHUE BEPXHUX U HUKHUX KOHEUHOCTEW, MaBHbIM
06pa3om, 3a CYET MPOKCMMaANbHbIX OTAEN0B, a B 71% cnyyaes AnarHo-
CTUPYETCA BapyCHOE WCKPUBIEHUE MPOKCMMANbHOTO U AUCTabHOMO
meTagnadusos bonbluebeposoit koctu [17].

CneundUYHO CTPOEHWE U KUCTU Y TaKMX BONBHBIX: OHU LIMPOKKE
¥ KOPOTKME, Nasiblibl PAaCroNOXKeHbl B BUAE «Tpe3ybua». XapakTep-
HbIM CMMNTOMOM A1 6O/IbHBIX C axOHAponaasueit agnsetca 60nb-
LWan pa3HULA B LUMPUHE OCHOBAHUA U AMUCTANbHbIX OTAENO0B NasblLeB
B COMETaHUM C Ux yrnosoi aedopmaumeit [9, 17]. CrubatensHo-npo-
HaLMOHHbIe KOHTPAKTYpbl B JIOKTEBbIX CYCTaBaxX B COYETAHWUM C runep-
MOBW/IbHOCTBIO B CyCTaBax 3anACcTbA U NabLEB KUCTU NPUBOAAT K Ha-
pywweHuto dopmmnpoBaHUa MenKo motopuku [1-3].

Y nauueHToB bopmupyeTca U nporpeccupyet Kudos rpyaHoro
0TAena NO3BOHOYHMKA, MMNEepPNOPA03 NOACHUYHOTO C NOCAEAYIOWMM
Pa3BUTUEM OCTEOXOHAPO3a, KOTOPbIV ABNAETCA OAHOMN U3 MPUUMH UX
nHBanuamsauuu [15, 18, 19]. [ns AaHHOM NaToNOrMK BeCbMa CreL-
ndMYHA PEHTTeHONOrMYEeCKan KapTUHA Ta3a: YMeHbLUEHbI MO A/IMHE U
Pa3BEPHYTbI KPblNbA NOAB3AOLHbIX KOCTEW, «KPbILLIN» BEPTIYMKHbBIX
BMaZAMH UMeIOT ropu3oHTaIbHOEe pacrnonoeHune, Nnpeobnagaet none-
peyHbIi pasmep BXoZa B Masiblid Ta3 Hag ero mybuHoii [17].

Ha peHTreHorpammax A/IMHHbIX TPybuaTbix KOCTel onpeaens-
I0TCA OLHOTWMHbIE U3MEHEHMWA, HO MPOKCMMAaNbHblE CEerMeHTbl KO-
HeuHocTell Bcerga nopaxkeHbl bosble. OTMevaeTcs paclumMpeHue
MeTadmM3apHbIX OTAENOB KOCTEN, «4alleobpasHoe» yrnybneHve, «no-
TPYKEHWE» B HUX 3NnUPU308B, AedopmaLmsa U OTCYTCTBUE KOHTPY3HT-
HOCTM CyCTaBHbIX NOBepXHOCTEN. ManobepLosas KOCTb yBENUYEHA MO
[A/IMHE U y4yacTByeT B 06pa3oBaHUM KoNeHHOro cycTasa [17]. B obna-
CTU AucTanbHoro metagmadusa 6onbluebepLoBOi KOCTU onpeaens-
eTcs BapycHas gedopmauys, YTo cnocobCTByeT yMeHbLUeHMo 60Nb-
webepLoBo-TapaHHoro yrna [20].

PeHTreHonornueckas KapTuHa ckeneta 60/1bHbIX aXOHAPOMNAA3M-
el MeHseTcA ¢ pocTom pebéHka. K rosy onpesensetcs GpecToH4aTocTb
annduU3apHOI POCTKOBOW 30HbI, btoaLeobpasHas dopma meTadusos
60nbluebepLoBoii KOCTU. KOCTU rofIeHu, Kak NpaBuio, UMEKT OAMHa-
KOBYIO [/IMHY, HEPEAKO OTMEYAETCA UCKPUBAEHUE ManobepLoBoit Ko-
CTU B cpefHel TpeTu [21].

B cemuneTHem Bo3pacTe y bonbLiebepLoBo KOCTU GecToHYa-
TbI XapaKTep CYCTaBHON NOBEPXHOCTU COXPAHAETCA, NOABNAETCA OT-
CTaBaHMWe B Pa3BUTUM MeAMANbHOM YacT NPOKCUMANbHOTO aNndK3a,
CTPYKTypa meTadv3oB npuobpeTaeT rybuatbii xapaktep. Onpege-
NseTca HecbanaHCMPOBaHHBIM POCT KocTei roneHu. MpeobnagaHue
pasmepa ManobepLoBoi KOCTU CMOCOOCTBYET €€ WCKPUBIEHUIO W
M3MEHEHUIO PaCcroIOKEHNA N0 OTHOLIEHUIO K 6o/bLLebepLoBOi, YTO
B 6on1ee cTapLuem Bo3pacTe cnocobcTyeT popmmpoBaHmio aedopmu-
pytoLLero aptposa [21].

K 14 ronam onpegensaeTca cy»KeHune 30Hbl anMdU3apHoOro XpaLLa,
B MPOKCMMaNbHOM MeTaduse 60/bluebepLoBOi KOCTU MOABAAIOTCA
HEOHOPOAHbIE YHaCTKM NO NNOTHOCTU KOCTHOWM TKaHW. Ha peHTreHo-
rpaMme No3BOHOYHUMKA NALMEHTOB C aXOHAPONAA3uneit onpeaenseTcs
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enlarged, and the foramen magnum is reduced [8]. Such atypi-
cal craniofacial skeletal structure in these patients may result in
impaired swallowing, breathing, speech, and impaired hearing
[1, 16]. Patients with achondroplasia have shortened upper and
lower extremities, mainly due to proximal segments, and in 71%
of cases varus deformity of the proximal and distal metaphyses of
the tibia is diagnosed [17].

The hands of these patients are also distinctive: broad and
short, with the fingers arranged in a “trident” configuration. A
characteristic symptom of achondroplasia is a pronounced differ-
ence between the width of the finger bases and the distal phalan-
ges, combined with angular deformities [9, 17]. Flexion-pronation
contractures in the elbow joints, combined with hypermobility of
the wrist and finger joints, lead to impaired fine motor skills [1-3].

Patients develop and progress with thoracic kyphosis, lum-
bar hyperlordosis, and subsequently osteochondrosis, which is
one of the causes of disability [15, 18, 19]. Radiographic features
of the pelvis in this pathology are particular: the iliac alae are
shortened and rotated, the acetabular “roofs” are oriented hor-
izontally, and the transverse diameter of the pelvic inlet exceeds
its depth [17].

Radiographs of long tubular bones reveal uniform changes,
but the proximal segments are always more severely affected.
Widening of the metaphyseal regions, “cup-shaped” indentation,
epiphyseal “sinking”, deformity, and incongruence of articular
surfaces are noted. The fibula is elongated and contributes to
knee joint formation [17]. Varus deformity is found in the distal
tibial metaphysis, which reduces the tibiotalar angle [20].

The radiographic picture of the skeleton in achondroplasia
changes as the child grows. By the age of one year, festooning
of the epiphyseal growth plate, saucer-shaped metaphyses of the
tibia, and tibial and fibular bones of equal length are observed,
often with bowing of the fibula in the middle third [21].

By the age of seven, the tibia maintains its festooned artic-
ular surface; underdevelopment of the medial part of the proxi-
mal epiphysis appears, and the metaphyseal structure becomes
spongy. An imbalance in tibial and fibular growth progresses. The
predominance of fibular length contributes to its bowing and al-
tered relationship to the tibia, which in older age leads to the de-
velopment of osteoarthritis [21].

By the age of 14, narrowing of the epiphyseal cartilage zone
is seen, with heterogeneous areas of bone density appearing in
the proximal tibial metaphysis. Spinal radiographs of achondro-
plasia patients show wedge-shaped vertebrae in the lower tho-
racic and lumbar regions. A specific sign of the disease is the cau-
dal reduction of interpedicular distance in the lumbar vertebrae,
whereas usually this distance increases [15, 17].

Biochemical studies of blood serum in these patients, ac-
cording to some reports, revealed a reduction of inorganic phos-
phate to 2.60+0.11 mEqg/L (normal 4.10+1.10 mEqg/L). At the
same time, concentrations of calcium, magnesium, and chlorides
differed little from those in healthy children. A significant 1.5-fold
increase in serum lactate dehydrogenase (LDH) activity was ob-
served. The LDH isoenzyme spectrum was altered: LDH1 activity
increased significantly to 24.2+0.9% and LDH5 to 11.21+1% (nor-
mal 21.0+0.7% and 7.60+0.4%, respectively). Meanwhile, LDH2
and LDH4 were significantly reduced to 28.41+4% and 12.00£8%
(normal 33.2+0.8% and 14.80+7%, respectively). LDH3 activity re-
mained within physiological limits [22]. These biochemical chang-
es indicated bone tissue demineralization, osteoblast dysfunc-
tion, and metabolic disturbances in skeletal muscles, liver, heart,
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KNIMHOBMAHAA $OPMa NMO3BOHKOB B HUMKHE-TPYAHOM M MOSACHUYHOM
otaenax. Cneundunyeckunii nprusHak 3abonesaHna — ymeHbLUEHWe pac-
CTOSIHMA MEXAY KOPHAMM OYyKEK NOACHWYHbIX NO3BOHKOB B Kayaaslb-
HOM HanpaBNeHWK, TOTAA KaKk B HOPME 3TO PacCTOAHUE YBEIMUYNBAET-
ca[15, 17].

Mpu BUOXMMUYECKOM MCCNeA0BaHUM CbIBOPOTKMU KPOBM Y AaH-
HOM KaTeropmMmn NaLMEHTOB, MO HEKOTOPbIM AAHHbIM, BbIABIEHO CHU-
eHue HeopraHuyeckoro docdata Ao 2,600,11 maks/n (npu Hopme
4,10£1,10 maks/n). B To e Bpems, KOHLEHTPaLMA KaabLWA, MarHus,
Xnopuzos cnabo OTIMYaNacb OT aHaNOTUYHbIX MOKasaTenen 340po-
BbIX AeTei. OgHOBPEMEHHO ObiNI0 OTMEYEHO AOCTOBEPHOE MOBbILLE-
HWe aKTMBHOCTM NakTataermaporeHassl (J/146) B coiBopoTke B 1,5 pasa.
Bbln M3MeHEH nsodpepmeHTHbIN cnektp JIAT: 4OCTOBEPHO NOBbILIEHbI
aktveHocTv /1AL po 24,2+0,9% v NATS po 11,21+1% (npu Hopme
21,04£0,7% wn 7,60+0,4% cootBetcTBEHHO). Torga Kak JIAK2 v N4r4
BbINN CHUMNKEHbI CTATUCTUYECKM 3HaYMMO A0 28,41+4% un 12,00£8%
(npu Hopme 33,2+0,8% u 14,8017% cOOTBETCTBEHHO). AKTUBHOCTb
NAr3 6bina B npeaenax pusnonornyeckoit Hopmol [22]. BbisasneHHble
M3MEHEHMA BUOXMMUYECKUX NOKa3aTenein cBUAeTeNbCTBOBAAN O Ae-
MMWHEPanN3aLMM KOCTHOW TKaHW, AUCOYHKLUMM OCTeobnacToB, Hapy-
LUeHMM 0OMEHHBIX NPOLLECCOB B CKENIETHbIX MbILWLAX, MEYEHU, CEpALE
1 noykax [23].

Ha cerogHsLWHMI feHb CYLLECTBYHOT KOHCEPBATVBHbIE U onepa-
TUBHbIE METOAbI SIeyeHUs BONbHbBIX C aXOHAPONNA3NEN, pe3ybTaTbl
KOTOPbIX 33aBMCAT OT MHOMMX (GaKTOpOB M ONPeAenatoTcs BbICOKOW
MOTUBMPOBAHHOCTbIO 6O/NLHOIO, CTENEHbI0 M3MEHEHUA CO CTOPOHDI
NMO3BOHOYHMKA M CycTaBOB. Kpome TOro, BasKHYH Posib UrpaeT Bblibop
ONTUMaNbHOW TaKTUKM JIe4EHMA U BO3MOMKHOCTb NMONHOLLEHHON pea-
bunutaumu [24].

KoHcepBaTMBHble METOAbI BK/KOYALOT B cebs Tepanuto, Hanpas-
NEHHYIO Ha CTUMYNALMIO MbILWL, U NPOPUNAKTURY aedopmaumii Ko-
HeyHocTei. OpToneanyeckan NPOGUIAKTMKA 3aK/YaeTca B HasHa-
YEHWUM cneLmanbHON NOAYLIKM AN CHA, 3aMpeT Ha BEPTUKANU3ALIMIO
pebéxka fo 17-18 mecaues )u3HW. Mpy NOMOLLY KOMNEKCa YNpax-
HEHMI, KYPCOB Maccasa, OpTONeANYECKUX U3LENNIA, BUTAMUHOTEpa-
MWUX NPOBOAMNTCA yay4lleHne GYHKLMOHAIbHOTO CTAaTyCa MbILLL, HUXK-
HMX KOHEYHOCTEM, CIUHbI, KM1BOTa [1, 2]. MeanKameHTo3Has Tepanus,
3 UMEHHO NPUMEHEHWe FOPMOHA POCTa, UMESIO OYEHb OTPaHUYEHHbI
ycnex [7, 25]. Ha ¢oHe neyeHns comaToTponMHOM yBEIMYEHME PocTa
COCTaBWO B cpeaHem 2,5 cm 3a 10 net HabatoaeHNA, OLHAKO YMEHb-
LUeHMA AUCIPONOPLMIA B CTPOEHUM CKENETa He 0TMeYanoch [26].

AMepVKaHCKoW BMOTEXHONOTMYECKOM KommaHuei BioMarin
Pharmacetical 8 2014 roay 6bin paspaboTaH npenapaT BOCOPUTUA,
— 3T0 NepBOE NIeKAPCTBO, BAMAIOLLEE HA 3BeHbA NaToreHesa 3abosne-
BaHuA [5, 26, 27]. Bocoputna, npeactasnseT coboit Guonormyeckuii
aHanor HaTpuitypetnyeckoro nentuaa tna C — MOLWHOMO aKTUBa-
TOpa 3HXOHAPaNbHOW occuduKkaumm [5, 26]. Mpenapat cBsA3blBaeTCA
C MULEHBIO — HATPUNYPETUYECKMM MENTUAHBIM PELLEenTOpoOM TuMa
C, 6noKMpysa aKTMBaLMIO NOBPEXAEHHOTO reHa FGFR3, Tem cambim,
YCTpaHAeTcA WMHrMbUpoBaHME MMHepanusaumMm XoHapouuaos [6].
M3HauanbHO B/AMAHME npenapaTta bbl1o0 M3YYEHO B IKCMEPUMEHTE
Ha KMBOTHbIX. Y MbILIEN OTMEYaNOCh YBENANYEHUE NepeaHe3adHEero
pa3mepa yepena, pocT beapeHHOM U 601bLIebePLIOBOI KOCTEN, HOCa,
XBOCTa, YTO YMEHbLLANO NPU3HaKM KapanKoBocTy. Mpu 3Tom, nocne-
[yHoLLMe SKCMePUMEHTbI Ha MblLLaX NMOKasann 6e30nacHoOCTb BOCOpU-
™aa [13].

CTapT KNAMHUYECKUX UCMbITaHMI npowén B 2014 roay ¢ yyacTmem
35 peteit B Bo3pacTe oT 5 go 14 nert, a B8 2019 rogy (121 pebéHok)
MCCef0BaHUA 3aBEPLIMANCL. B pesynbTaTe KAMHUYECKUX UCTIbITaHWUI
6blIM NOMyYeHbl Cnefytolwpe pesynbTaTbl: MPONOPLUMM TeNa, a KoH-
KPETHO OTHOLLEHWE [/IMHbI HOT K A/IMHE BePXHEMN YacTu TeNa ocTasmch

and kidneys [23].
Currently, both conservative and surgical methods of treat-
ing patients with achondroplasia exist, with outcomes depending
on many factors, including the patient’s motivation, the degree of
spinal and joint involvement, the choice of optimal therapeutic
strategy, and the availability of comprehensive rehabilitation [24].
Conservative methods include therapies aimed at stimulat-
ing muscles and preventing limb deformities. Orthopedic preven-
tion includes prescribing a special pillow for sleep and prohibiting
verticalization of the child until 17-18 months of age. Using a set
of exercises, massage courses, orthopedic devices, and vitamin
therapy, the functional status of the lower limb, back, and ab-
dominal muscles is improved [1, 2]. Pharmacological treatment,
specifically growth hormone therapy, has shown minimal success
[7, 25]. During somatotropin therapy, an average height increase
of 2.5 cm was recorded over 10 years of observation, but no im-
provement in skeletal disproportions was observed [26].
In 2014, the American biotechnology company BioMarin
Pharmaceutical developed vosoritide — the first drug that targets
the pathogenic mechanisms of the disease [5, 26, 27]. Vosoriti-
de is a biological analog of C-type natriuretic peptide, a potent
activator of endochondral ossification [5, 26]. The drug binds to
its target, the C-type natriuretic peptide receptor, blocking activa-
tion of the mutated FGFR3 gene. In this way, inhibition of chon-
drocyte mineralization is eliminated [6]. Initially, the effect of the
drug was studied experimentally in animals. In mice, an increase
in the anteroposterior dimension of the skull, growth of the fe-
mur and tibia, nose, and tail was observed, which reduced signs
of dwarfism. Subsequent experiments in mice also demonstrated
the safety of vosoritide [13].
Clinical trials began in 2014 with the participation of 35 chil-
dren aged 5 to 14 years, and in 2019 (121 children) the studies
were completed. The following results were obtained: body pro-
portions, specifically the ratio of leg length to upper body length,
remained unchanged, i.e., disproportions did not progress. Chil-
dren grew on average by 1.57 cm per year [5]. However, in some
patients with achondroplasia, resistance to vosoritide was noted
due to insensitivity to C-type natriuretic peptide [5, 26, 28]. In
November 2021, vosoritide was granted orphan drug status in
the United States and was recommended for the treatment of
children with achondroplasia over 5 years of age, and in the Eu-
ropean Union — over 2 years [5]. In the Russian Federation, vosor-
itide has not yet been registered, but in June 2022 the first child
with achondroplasia received an initial dose of this drug through
the “Krug dobra” foundation [26].
Vosoritide is available in Russia for children over 2 years of
age under three conditions:
e The diagnosis of “achondroplasia” must be confirmed
by molecular genetic testing with detection of an
FGFR3 mutation;

e  Radiographically established bone age must be under
14 years in boys and under 13 in girls;

e The child’s weight must exceed 10 kg.

The drug is administered once daily subcutaneously at a
dose of 15 mg/kg until growth is complete [5, 26]. The use of con-
servative methods in the treatment of children with achondropla-
sia does not exclude the priority of current surgical interventions.

Correction of the musculoskeletal system in patients with
achondroplasia is carried out not only for medical reasons but
also for social adaptation. It is achieved by repeated limb length-
ening procedures, taking into account age-related growth char-
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6e3 3MeHEHWI, T.e. AUCNponopLumsa He nporpeccuposana. et poc-
NV B cpesHem Ha 1,57 cm B rog [5]. OaHaKo y HEKOTOPbIX NaLMeHTOB
C axoHApOMN/aa3uelr oTmMevanacb YCTOWYMBOCTb K MpenapaTty, BBMAY
MMEIOLLENCA Y HUX PE3UCTEHTHOCTU K HAaTPUIypeETUYECKOMY NenTuay
ina C[5, 26, 28]. B Hosbpe 2021 roaa BOCOPUTMA NOAYYUN CTATYC Op-
¢daHHoro npenaparta B CLLA v 6bi1 peKoMeHA0BaH /15 IeYeHns aeTen
C axoHAponnasuen cTapwe 5 net, B EBpocotose — ctapue 2 et [5]. B
Poccuiickoit ®epepauym BOCOPUTUL NMOKA He 3aperncTpmMpoBaH, Ho B
ntoHe 2022 r. nepBbiit pebEHOK ¢ axoHaponnasuel ot poHaa «Kpyr
Zobpa» Noayynn CTapToByto 403y AaHHOTO Npenaparta [26].
Bocoputng, aoctyneH B Poccun ana aeten ctaplue 2 1eT npw co-
61104eHUM 3 ycnoBuit:
®  [MarHo3 «axoHAPOMnaasua» y MauMeHTOB A0MKeH ObiTb
NOATBEPKAEH MONEKYNAPHO-TEHETUYECKMM TECTOM C Bbl-
ABJIEHHOMN MyTaumeii B reHe FGFR3;

®  PEeHTreHONOMMYECKM YCTAaHOBEHHDBIN KOCTHbIM BO3PaCcT Me-
Hee 14 neTy manbumkos 1 13 —y nesoyek;

e Bec pebéHKa fo/mkeH npesbiwaTb 10 Kr.

Mpenapat BBOAAT 1 pa3 B ieHb NOAKOMKHO, U3 pacyéTta 15 mr/Kr oo
OKOHYaHWA pocTa pebéHka [5, 26]. Mcnonb3oBaHMe KOHCEPBATUBHbIX
METO/0B B JIeYEHUW AETEN C aXOHAPOMNIa3nei He UCKIKYAET NpUopK-
TETHbIX HA CETOAHALHWUI fieHb ONepPaTMBHbIX BMELIATENbCTB.

KoppeKuusa onopHO-A4BUraTeNbHOrO annapaTta y MauMeHToB C
aXOHAPOMNAa3nel OCYLLECTBAAETCA He TONbKO C MEAULMHCKOM, HO U
coupManbHOM afanTaumein. 3T0 BOSMOXKHO B pesynbTaTe HEOAHOKpPAT-
HOTO YA/IMHEHWUS KOHEYHOCTEN C YY4ETOM BO3PACTHLIX OCOBEHHOCTel
ux pocta [21]. Mpu BbIGOPE TaKTUKM ONEPATMBHbIX BMELLATENbCTB
HeobX0AVMO YUUTbIBATb HE TOIbKO YKOPOUYEeHMEe A/IMHHbBIX TPy6UaTbix
KOCTEM, HO W YINOBbIE, TOPCUOHHbIE AePOPMALMM KOHEYHOCTEN, He-
CTabWNbHOCTb KPYMHbIX cycTaBoB [21, 29]. OCHOBHbIMM 3aa4amu Ans
[LOCTUXKEHMA NOCTaBNEHHbIX Lenei ABNATCA YAIMHEHUE BEPXHUX U
HUMKHUX KOHEYHOCTel pebéHKa [0 ONTMMANbHbLIX PAa3MEepPOoB, TaKUM
006pa3om, KOppeKLMA NPonopLuii Tena v ynydweHne GyHKUMOHANb-
HbIX BO3MOYKHOCTE OMOpHO-ABUraTeIbHOro annapara [17, 29].

Ha stanax peopraHusauuMu OMOPHO-ABMraTebHOrO annapara
MaLMEHTOB C aXOHAPOMNIA3NeN, KaK NPaBUNO, HAYMHAIOT C OAHOBpe-
MEHHOro yA/MHEHWUA 0Deunx roneHen, npeanonaras B AajabHenwem
[BYKpPaTHOE, @ BO3MOXXHO TPEXKPaTHOEe UX yBenunyeHue. Mpun yonm-
HEeHUW NieYa NPUOPUTETHOMN 3agayeit ABNAETCA COXpaHeHWE QYHK-
LMKN BEPXHEN KOHEYHOCTM U MPOPUAAKTMKA KOHTPAKTYpbl JIOKTEBOTO
cycTaBa. [n1a BOCCTAaHOBEHMA COOTHOLUEHMI MEXKAY KOHEYHOCTAMM
N TYNOBULLEM MPOTANKEHHOCTb YAJIMHEHUA BEPXHEN KOHEYHOCTU CO-
cTaBnseT 15 cM, HUMKHEN — Y MYXKUMH 23 CM, XKeHWWH — 26,3 cm [17,
20, 29].

BblaeneHbl TPM OCHOBHbIE NPUYMHBI, 0OYCNaBAMBaAIOLLME OMNTH-
Ma/IbHbIV BO3PACTHOM AMana3oH oT 8 4o 16 neT ona onepaTMBHOM
KOPPEKLMMN BEPXHUX U HUMKHMX KOHEYHOCTEN Y NaLMEHTOB C aXOHAPO-
nnasueit. lMepsas NPUYMHA — 3TO HECKOJIbKO 3TanoB OMEPaTUBHbIX
BMeLLaTeNbCTB A/IMTENbHOCTbIO OT 6 A0 8 neT. BTopasa npuynHa 3asu-
CuT OT PU3MNONOrMYECcKMX 0cobeHHOCTEN opraHu3ma pebéHka. B aTom
BO3pacTe AeTh 06/1a43at0T BbICOKOW CNOCOBHOCTLIO NpUcnocabnmnsatb-
CA K YCNOBMAM OKpY»KatoLLen cpepl. TpeTbA 3aKN04aeTcs B TOM, YTO
B 3T roabl pebEHOK nosyyaeT obpasosaHue B LWKoe. Ha coBpemeH-
HOM 3Tane XOpoLo Pa3suUTbl MHGOPMALLMOHHO-KOMMYHUKALMOHHbIE
TEXHOI0rMK. ITO NO3BO/IAIET OPraHM30BbIBaTH Y4ebHbIM NpoLecc B 06-
pa3oBaTeNbHOM OpPraHM3aLMK AUCTaHLMOHHO [24, 29, 30].

Kpome TOro, npu YAJMHEHUM HUMKHWUX KOHEYHOCTEN XMpypru
CTaNIKMBAKOTCA C MHOMXECTBOM OC/IOXKHEHWI, NPUYEM NPK NOBTOPHOM
YAJMHEHWUM KOIMYECTBO UX YBENIMYMBAETCSA. [TlepBOe MECTO 3aHUMatoT
HeBPO/IOrMYECKMe HapyLLeHus, Npy 3Tom B 10% OHM pa3BMBatoTCA No-
cNle NepBUYHOrO yanuHeHua, a B 14% — nocne nostopHoro. Bropoe
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acteristics [21]. When choosing surgical tactics, it is necessary to
consider not only the shortening of long tubular bones but also
angular and torsional deformities of the limbs, as well as insta-
bility of large joints [21, 29]. The main objectives are to lengthen
the upper and lower limbs of the child to optimal size, thereby
correcting body proportions and improving functional capabilities
of the musculoskeletal system [17, 29].

In the reorganization of the musculoskeletal system, treat-
ment usually begins with simultaneous lengthening of both tib-
ias, followed by a second or even third lengthening. In humeral
lengthening, the priority is to preserve upper limb function and
prevent elbow joint contractures. To restore proportions be-
tween limbs and trunk, upper limb lengthening is carried out up
to 15 cm, while lower limb lengthening reaches 23 cm in males
and 26.3 cm in females [17, 20, 29].

Three main reasons determine the optimal age range of 8
to 16 years for surgical correction of the limbs in patients with
achondroplasia. The first is that several stages of surgery are re-
quired, lasting from 6 to 8 years. The second reason depends on
the physiological characteristics of the child’s body — at this age,
children have a high ability to adapt to environmental conditions.
The third is that during these years, the child attends school. At
present, information and communication technologies are well
developed, allowing distance learning in educational institutions
[24, 29, 30].

In addition, limb lengthening surgery is associated with nu-
merous complications, which increase with repeated procedures.
The most common are neurological disorders: these occur in 10%
of cases after primary lengthening and in 14% after repeated
procedures. The second most common are soft tissue infections,
which occur in 12% and 10% of cases, respectively. The third type
of complications includes ankle joint contractures, incomplete
corticotomy (osteotomy), and delayed bone regeneration. Com-
plications occur in 6% of cases after primary lengthening and in
10% after repeated procedures. These outcomes may be asso-
ciated with both increasing patient age and depletion of adap-
tive-compensatory capacities [24, 29, 30, 31].

According to some reports, during tibial lengthening in pa-
tients with achondroplasia using the bilocal compression—distrac-
tion osteosynthesis method, no complications were observed in
only 34.8% of patients. At the same time, complications involving
soft tissue components were noted in 70.1% of patients [24].

At the Orthopedic Department of the National Medical Re-
search Center for Traumatology and Orthopedics named after Ac-
ademician G.A. llizarov (Kurgan), an anonymous survey of parents
was conducted regarding the role of vosoritide in the treatment
of achondroplasia [27]. The majority of parents (58.5%) preferred
to combine drug therapy with surgical interventions simultane-
ously and were ready to begin treatment at an earlier age and for
a longer period. Only 26.2% of parents believed that surgical in-
terventions remain predominant over pharmacological approach-
es [27, 32, 33].

CONCLUSION

Thus, given the necessity of choosing pathogenetically
based drug therapy strategies and determining surgical inter-
vention methods for the musculoskeletal system in patients with
achondroplasia, highlighting issues related to this disease is both
socially significant and relevant.
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— BOCMA/NIEHWE MATKUX TKAHEeW, Npu 3TOM OCN0KHEHMA GopMUpyLoTCA
B8 12% v B 10% cnyvaeB cooTBeTCTBEHHO. Ha TpeTbem mecTte — KOH-
TPaKTYpbl rO/IEHOCTOMHBIX CYCTaBOB, HE3aBEPLUEHHAA KOPTUKOTOMMUSA
(ocTeotomus), 3amenieHHan pereHepauys KocTu. Mpu nepBuYHOM
YO/MHEHWUN OCNOXKHEHMA COCTaBNAOT 6%, Npu noBTOpHOM — 10%. YKa-
3aHHble NOCNEACTBMA MOXKHO CBA3aTb Kak C yBeNMYEHMEM BO3pacTa
NaLMEHTAa, TaK U UCTOLLLEHWEM aAaNTUBHO-KOMMEHCATOPHbIX BO3MOXK-
HocTel [24, 29, 30, 31].

Mo HEKOTOPbIM CBELAEHMAM, NPU YAJIMHEHUM FONEHM Y 6ONbHbIX
C axoHAponnasuer MeTofomM OWI0KaNbHOMO KOMMPECMOHHO-AMC-
TPaKLMOHHOMO OCTEOCUHTE3A OC/IOXKHEHUI HE ONPEeAENanoch TONbKO
y 34,8% naumeHToB. B TO e BpemA OCNOXKHEHWA, CBA3AHHbIE C MAT-
KOTKaHbIM KOMMNOHEHTOM, oTmedanuck y 70,1% 6onbHbix [24].

Ha 6a3e optoneauyeckoro otaenedna HMWULL TO um. akage-
muka LA, Unnsaposa (r. KypraH) 6bin npoBeaéH aHOHMMHBIW 0npoc
poauTenein nNyTém aHKeTUPOBAHMA O POAM BOCOPUTMAR B SIEYEHUMU

axoHaponnasuu [27]. BonbwuHcTBO poguTeneit (58,5%) npeanoyno
6bl COEAMHUTL NIEKAPCTBEHHYIO TEPAMUI0 U XMPYPrUYECKUe BMELLA-
TENbCTBA OHOBPEMEHHO M FOTOBO MPUCTYNUTL K JIeYeHUI0 B bonee
paHHeMm Bo3pacTe M Ha 6onee NPOAO/KUTENbHBIN CPOK. ToNbKO 26,2%
poauTenein NpUAEpHKMUBAAUCL MHEHUs, YTO OnepaTBHbIE BMeELLa-
TE/NbCTBA OCTAOTCA NPEBAZIMPYHOLLMMU Hag dapmakonoruyeckum [27,
32,33].

3AK/NIOYEHUE

Takum 06pa3om, B CBA3N C HEOBXOAMMOCTbIO BbIBOPA TaKTUKM
naToreHeTM4eCKoro mMeauKameHTO3HOro ne4vyeHua M onpeaesieHna
METOAMK XMPYPIUYECKMX BMELIATe/IbCTB Ha OMOPHO-ABUraTe/IbHOM
annapare y nauyeHToB C axoHAPOIa3nei, OCBeLLEHe BONPOCOB, Ka-
catoLmxca npobaembl ykasaHHOro 3a60/1eBaHNA ABNAETCA COLMANBHO
3HAaYMMbIM U aKTyalbHbIM.
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