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AN UPDATE ON OSTEOGENESIS IMPERFECTA

HELOCKOHAJIN/ OCTEOTrEHE3:
HOBUI NOrnAaa HA NPOBJIEMY

Osteogenesis imperfecta (OI), also known as brit-
tle bone disease, is a genetic disorder of connective
tissue characterized by fragile bones and a suscepti-
bility to fracture from mild trauma. The clinical range
of this condition is extremely broad, ranging from le-
thal cases in the perinatal period to cases that may be
difficult to detect in later life and can pretend ear-
ly osteoporosis. Patients with Ol may have growth
deficiency, wormian bones, scoliosis and extraske-
latal manifestations such as defective tooth forma-
tion (dentinogenesis imperfecta), hearing loss, mac-
rocephaly, blue sclerae, barrel chest up to hyperlaxity
of joints and ligaments [1].

About 85—90 % of patients with clinical OI have
abnormalities of type I collagen, the major structural
component of the extracellular matrix of bone, skin
and tendon, caused by an autosomal dominant pat-
tern. Classical OI has been described by Sillence in
1979 [2]. He divided OI into four subtypes, based
on clinical and radiographic features. Consecutively
molecularbiological studies have shown that the mild
Sillence type I Ol is caused by quantitiative defects in
type I collagen [3]. Individuals with type I OI synthe-
size a reduced amount of structurally normal type [
collagen because of a null COL1A1 allele, with a rel-
ative increase in the COL2/COLI ratio [3].

The moderate and severe types of autosomal dom-
inant OI are caused by structural defects in one of the
two chains encoding for the type I collagen heterotrimer
[4]. In types II, 111 and IV a mixture of normal collagen
and collagen with a structural defect is synthesized.

Developments in recent years have shown the ge-
netic background of relatively rare recessive OI [5].
Autosomal recessive Ol is caused by defects in pro-
teins of the prolyl-3-hydroxylation (P3H1) complex,
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Henockonanuii ocreoreres (HO), abo xBopoba KpUXKHUX Kic-
TOK, € TEHETUUYHUM 3aXBOPIOBAHHSIM CIIOJIyYHOI TKAaHWHU, 11O
XapaKTEePU3YETHCSI KPUXKICTIO KiCTOK Ta MiJIBULLIEHUM PU3NKOM
JIO TIepesIoMiB Bijl jierkoi TpaBMu. KiiHiYHMIT crieKTp naHoi He-
IYTU € HAI3BUYANHO IMMPOKUM, TTOYMHAIOYM Bill CMEPTETbHUX
BUMAAKIB Y TIEepUHATAIBHOMY TIEPioi, 1O CUMIITOMIB, SIKi ITyxKe
TSIKKO BUSIBUTH B OJIBIII ITiI3HBOMY Billi, OCKIJIBKM 3aXBOPIOBAHHSI
MOXe TlepefiraT Mmia Mackow paHHbOro ocTeoropoay. IlarieH-
T4 3 HO MOXyTh MaTu 3aTPUMKY B POCTi, BOPMi€Bi KiCTKH (0ssa
Wormiana), cKoj1i03 Ta eKCTpacKeJeTHi MpOosIBU, TaKi SIK Hel10-
CcKOHauii aeHTuHoreHe3 (dentinogenesis imperfecta), BTpaty
clyXy, Makpoliedaltito, roiyoi ckiepu, 6oukornonioHy nedpopma-
1110 TPYIHOI KJIITKHU, TinepMOOiIbHICTb cyrio0iB [1].

Bausbko 85—90 % nauientiB i3 HO maioTh nopyiieHHsT 0y10-
BM KoJsiareHy | Ty, OCHOBHOTO CTPYKTYPHOTO KOMITOHEHTA T10-
3aKJIITHHHOTO MaTPUKCY KiCTKHM, IIKiPX Ta CYXOXWIKIB, IIO 00Yy-
MOBJIEHE MYTALlisIMU, SIKi IIEPEIar0OThCS 32 aBTOCOMHO-IOMIHAHT-
HUM TUIIOM ycniaakyBaHHs. Y 1979 poui CisieHc onucas KIaCUUHY
kiiHiuyHy KaptuHy HO [2]. Bin po3ninus HO Ha yoTupu TUIIH, 1110
IPYHTYBAJIMCS Ha KJIIHIYHUX Ta PEHTIEHOJOT YHUX OCOOJIMBOCTSIX.
[TocTynoBo MosieKy/IsIpHi Ta Gi0JIOTIYHI JOCTIIKEHHS TTOKA3aJIH,
o jierka popma HO I tuny 3a CieHcoM BUKJIMKaHA KiJTbKICHM-
mu nedekramu konarenHy I tumy [3]. Y xBopux i3 [ tTunmom HO cun-
Te3YEThCSI MEHINIA KiJIbKICTh HOPMaJILHOTO 3a CTPYKTYPOIO KOJIa-
reny | Tumy, mo mo’s3aHo i3 Null COL1ALI anenst Ta BiTHOCHUM
30itbmeHHaM criBBimHomenHss COL2/COLI [3].

ITomipHi Ta Tsxki hopmu HO, 1110 ycriankoBYyIOThCS 3a aBTO-
COMHO-JOMIHAHTHUM TUIIOM, OOYMOBJIEHI CTPYKTypPHUMU Je-
dekTaMu B OIHOMY i3 ABOX JIaHLIOTiB KojareHy I tumy [4]. [Tpu
II, IIT Ta IV tunax HO cuHTEe3y€eThCs HOPMAIbHMI KOJIareH Ta
KOJIareH i3 CTPYKTYPHUMM AedeKTaMu.

HocnimkeHHs1, TPOBeleHi 3a OCTaHHI POKM, YCTAHOBUJIU Te-
HETUYHE TAIPYHTs BiJHOCHO PiIKiCHUX pelecuBHUX (opm
HO [5]. HO 3 aBTOCOMHO-PEIECMBHUM HUISIXOM YCHaAKYy-
BaHHS 3yMOBJICHUI Oe(heKToOM OiJIKiB KOMILICKCY IIpOJIiI-3-
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CRTAP [6, 7], LEPREI1 and PPIB or helical folding
(FKBP10, SERPINHI) [4]. About 5 % of Ol cases
are not caused by defects in either, type I collagen or
the P3H1 complex.

Clinical Characteristics and Types of Ol

Because the types of OI vary widely in symptoms,
clinical appearance and in their onset, the diagno-
sis varies with the age of the individuals. A positive
family history is usually not present, because appear-
ance of classical OI in children of unaffected parents
is caused by parental mosaicism [8].

Prenatally, severe types may be difficult to distinguish
from thanatophoric dysplasia (missense mutations in fi-
broblast growth factor receptor-3), campomelic dyspla-
sia (mutations in or near the SOX9 gene), and achon-
drogenesis type I (type 1A etiology is unknown, type
1B is caused by mutations in the SLC26A2 gene). The
key diagnostic element for OI is the generalized na-
ture of the connective tissue defect with facial features
(flat midface, triangular shape, blue sclerae, yellow-
ish or opalescent teeth), relative macrocephaly, thora-
cic deformations, like barrel chest or pectus excavatum,
joint laxity, morphologic changes of the vertebrae and
growth deficiency, present in variable combinations in
each case. When a diagnosis is still in doubt, collagen
biochemical tests and DNA sequencing provide helpful
information on the presence of a mutation.

The classification proposed by Sillence [2] is
based on clinical and radiographic criteria that dis-
tinguished four types. The Sillence types have au-
tosomal dominant inheritance. Although, laborato-
ry practice has subsequently developed, the classifi-
cation is still in use. More recently the types of OI
have been extended to the autosomal recessive types
V through XI [4] (table 1), although they are defined
by different criteria than types I-IV (OMIM 166200,
166210, 259420, 166220). Clinical, the recessive
forms of OI overlap with types I and III OI but have
the distinction of white sclerae [6, 9].

OI Type I is the mildest form of the disorder.
Fracture occurrence starts postnatally and usually
decreases or even stops after puberty. Fracture risk
in Ol increases again after menopause in women and
over 60 years of age in men [10].

Individuals with type I OI have blue sclerae and of-
ten bruise easily. They may have hearing loss or joint
hyperextensibility. Growth reduction and deformi-
ties of the long bones are mild. Based on the presence
of dentinogenesis imperfecta, type I has been divided
into subtypes A and B.

OI Type II shows a very high perinatal lethali-
ty, however, survival to one year or more has been
noted. These individuals are often born premature-
ly and are small for gestational age. Legs are usu-
ally held in the frog leg position with hips abduct-
ed and knees flexed. In X-rays long bones are ex-
tremely osteoporotic, with in-utero fractures and
abnormal modeling. The skull is severely under-
mineralized with wide-open fontanels. The sclerae

rizpokcunasu-1 (P3H1), CRTAP [6, 7], LEPREI1 i PPIB a6o my-
tauii reHis FKBP10, SERPINH1 [4]. ¥V maiixke B 5 % Bumnanakis
HO He moB’s3aHuii i3 konHUM aedeKkToM KojareHy | tumy um
komiiekey P3H1.

KniviyuHa xapakrepucruka ra tunu HO

Ocxkinbku pi3Hi Tumu HO MawoTh pi3HOMaHITHY CUMIITOMA-
TUKY, KJIiHIYHI IIPOSIBU BiApi3HSAIOTHCS 3a 4acOM MaHidecTa-
1ii, TOMy TepMiH BCTAHOBJICHHs IiaTrHO3Y Oyae TaKOX pPi3HUM.
VY 6inbuiocti giteit i3 kiacuuHuM nepedirom HO HeoOTsKeHMit
ciMeliHMII aHaMHe3 3yMOBJIEHMI MO3aillM3MOM XBOPOOU B iX
6aTbKiB [8].

TMpenaranbHo TsikKi T HO ckiagHo Biapi3HUTH Bin Ta-
HaTtoopMHOi nucruiazii (MiceHc-myTalisi peuenrtopa ¢hak-
Topa pocty ¢didpobiacTiB-3), KaMnoMeiuHoi aucriasii (My-
tauis reHa SOX9) Ta axonnporenesy I tumny (tumn 1A — eTio-
Jioriss HeBimoma, Tun 1B BUKIMKaeThbcs MyTalisiMU B TeHi
SLC26A2). KinouoBuM giarHocTUuHUM MoMeHTOM HO € y3a-
raJbHEeHHS XapaKTepy Ae(eKTiB CIIOJIYYHOI TKAHUHU, 110 MO-
XKYTh OyTU B pi3HOMaHITHUX KOMOiHallisIX, 30KpeMa Baau 00-
Ju4ys (4epern Ma€e TpUKYTHY (popMmy abo CIUIOIIEHMIA, TOJIy-
0i ckyiepu, XXOBTyBaTHii ab0 omajaoBuUii KoJip 3y0iB), Makpo-
uedanis, gedopmallis rpyaHoi KJIiTKY (60ukornoioHa abo Bo-
POHKOITOiI0HA), TinepMoOiIbHICTh Cyriob6iB, MopdosoriyHi
3MiHM XpeOIliB, 3aTpUMKa POCTy. SKIlo miarHo3 yce 1ie 3aiu-
IIAETHCS Tl CYMHIBOM, OiOXiMiYHi TeCTH KoJlareHYy Ta JO0CIi-
mxeHHsa JHK MoxyTs HagaTy KopucHY iHGOpMAalIilo IIpo Ha-
SIBHICTb MYyTallii.

3rimHo i3 3anmponoHoBaHoio CineHcoMm Kiacugikatieio [2], 1o
IPYHTYETbCSI Ha KIIIHIYHMX Ta PEHTIEHOJIONYHMX KPUTEPisX, po3-
PI3HSIIOTh YOTUPY TUIIM Heayru. Bci BoHM MaloTh aBTOCOMHO-I0Mi-
HAHTHUI TUI yCIaAKyBaHHs. XO04 3r0JI0M JIaOOPaTOpHi JOCITiIKEeH-
HsI BIOCKOHAJIWJIMCSI, TIPOTE 3allpOINOHOBaHa Kiacudikailisi BUKO-
PYICTOBYETBCS 110 choromHi. HemaBHo Oyimo momano HoBi v HO
i3 V no XI i3 aBTOCOMHO-PELIECUBHUM THUIIOM YCTanKyBaHHS [4]
(tabm. 1). BoHu xapakTepusyroThesl iHIIIMMU KPUTEPiSIMU, HiX TUTTH
1-IV (OMIM (MenmyHa 6a3a DaHUX, y SIKiil 30MpaeThes iH(popMallis
PO BiIOMi 3aXBOPIOBAHHS 3 TEHETMYHUM KOMITOHEHTOM) 166200,
166210, 259420, 166220). Kiiniuao peuecuBHi ¢hopmu HO momiOHi
10 HO tumy I ta 111, npote natieHTr MatoTh 6i1i ckiepu [6, 9].

I Tunm HO € Haiinermoro ¢opmoto 3axBoproBaHHs. [1eperomu
BUHUKAIOTh TTOCTHATAILHO, 3a3BMYail YaCTOTA MEePEIOMiB 3HUXKY-
€ThCST A00 HaBIiTh MPUITMHSIETHCS MIiC/IS MEPiOAy CTATEBOIO AO3Pi-
BaHHs1. Pusuk nepenomis mpu HO I turty 3pocrae miciist HacTaHHS
MEeHOTay3! B 3KiHOK Ta Iicjst 60-piyHOro Biky B 40JI0BiKiB [10].

TMawienTtn i3 | Tumom HO MaroTh rosty0i cKiiepu, THABUILEHY CXUJTb-
HiCTh IO KPOBOBWIMBIB (32 MeTeXiaTbHO-TUISIMACTIIM TUTIOM). Moxke
PeECTpYBaTUCS 3HIDKEHHSI CITyXy a00 rinepMoOubHMiA cuHapom. Crio-
CTepiraeThcsl He3HaYHa 3aTpyMMKa POCTY Ta JIerKi JedopMallil JOBIMX
TpyOuacTux KicTok. Ha mincraBi HassBHOCTI 200 BiICYTHOCTi HETOCKO-
HaJtoro ieHTrHOoreHe3y Buauisttioth HO mimrumiB A i B.

HO II tumy cynmpoBOIXKYy€EThCS y3Ke BUCOKOIO MEPUHATAIILHOIO
CMEPTHICTIO, BUTIAJIKA BUKMBAHHSI 10 POKY Ta JOBILIC HE PEECTPY-
Basvcs. Taki IiTM 4acTO HApOKYIOThCSI HEJOHOIIEHUMU Ta HE
BIJMOBIAIOTh CBOEMY TecTalliiHOMy BikKy. HuxHi KiHIIiBKM 3Ha-
XOIATBCS B ITOJIOXKEHHI XaOKM: i3 3irHyTMMHU KiHIIIBKAMUA B KO-
JIIHHUX CyIJio0ax Ta BiBeAeHMMU cTerHaMu. Ha peHTreHorpamax
JIOBTi TpyOYacTi KiCTKM MalOTh BUPaKEHUI OCTEOIIOPO3, O3HAKU
BHYTPILIHBOYTPOOHO IE€PEHECEeHUX IePEeJIOMiB Ta aHOMAaJIbHOIO
MoJetoBaHHs. Yepen i3 BHpaxkKeHOI CHOBLILHEHOI MiHepalli-
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Table 1. Nosology of Ol (modified from Forlino et al., 2012, [4])
Ta6bnuuysa 1. Knacugikauia HO (y modudpikauii A. ®opniHo ma cnieaem., 2012, [4])

Ol Type Inheritance Phenotype Gene Defect
Tun HO YcnapKyBaHHs ®eHoTHN [edekT reHis
| AD mild Null COL1A1 allele
Nerkun Null COL1A1 anenb
lethal
Original Sillence Il AD NeTanbHuii COL71A1/COL1A2
Classification
Knacudikauia HO progressive deforming
3a CineHcom 1l AD Mporpecytounit COL1A1/COL1A2
Jedopmytouni
moderate
I\ AD CepeHbol TAKKOCTI COL1A1/COL1A2
distinctive histology
Vv AR Heob6xigHe rictonorivyHe ao- Hunlfnown“
Unknown etiology CRiPKEHHS eBlaomnn
ETionoria HeBigomMa
Vi AR? mineralization defect unknown
’ [edeKT miHepanizauii Hesigomui
Vil AR severe — lethal CRTAP
TAXKUNA — neTanbHUi
Defects 3-Hydroxylation severe — lethal
[edeKT 3-rigpokennsauii vill AR TAXKKUIA — neTanbHUi LEPREL (P3H1)
moderate — severe
X AR CepeaHbOTAKKUN — THKUIA PPIB (CyPB)
severe — lethal
X AR TAKAT — NETANLHH SERPINH1 (HSP47)
Chaperone defects - -
[JedeKTn GinKiB-wanepoHis progressive deforming
XI AR Mporpecyouni FKBP10 (FKBP65)
Ledopmytouni

are blue-gray. Bones are composed predominant-
ly of woven bone without haversian canals or orga-
nized lamellae.

OI Type 1II is known as the progressive deforming
type. Most individuals with type 111 OI survive childhood
with severe bone dysplasia. The presentation at birth may
be similar to mild type II OI spectrum. They have ex-
tremely fragile bones and sustain up to hundreds of frac-
tures over a lifetime. The long bones are easily deformed
from normal muscle tension, and subsequently fractures
occur. These individuals have extreme growth deficien-
cy. Almost all type III cases develop scoliosis. Radio-
graphically, bone abnormalities such as a flaring of the
metaphyses and «popcorn» formation at growth plates
are seen in addition to osteoporosis. The individuals re-
quire intensive physical rehabilitation and orthopedic
care. Many of them are bounded to wheelchairs.

OI Typ IV is the moderately severe Sillence form.
The diagnosis may be made at birth or delayed un-
til school ages. Scleral hue is variable. These chil-
dren often have several fractures a year and bow-
ing of their long bones. Again, fractures decrease or
even stop after puberty. Essentially, all type IV indi-
viduals have short final stature, which is often in the
range of pubertal children. Many of these children
are responsive to growth hormone by significant ad-
ditional height. X-rays of the bones show osteopo-
rosis and mild modeling abnormalities. Many deve-
lop vertebral compressions and scoliosis. With con-
sistent rehabilitation and orthopedic management,
these individuals should be able to attain indepen-
dent mobility (fig. 1).
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3alli€l0 Ta MUPOKUMHU TiM’sukamu. Ckiepu cipo-roiy6i. Kictku
CKJIQJAIOThCSI B OCHOBHOMY i3 KiCTKOBOI TKAHWMHU 0€3 raBepcoOBUX
KaHaJliB a0 3 0e3/1aAHUM PO3TAllyBAHHSIM TUTACTUHOK.

HO III tuny BimomMuit sik nmporpecyrounii nepopmyrounii Ba-
piant. Binbmricts xBopux i3 I1I Tumom HO B nUTHHCTBI MalOTh
TsKKY hopMmy nucruiasii Kictok. KiiHiuHa KapTuHa 3aXBOpIO-
BaHHS MMPU HAPOJKEHHI MOXe OyTH CXOXKOIO Ha JIETKUI BapiaHT
HO II tuny. Bonn MaooTh Han3BUYaiiHO KPUXKi KiCTKH, Y HUX
PEECTPYIOTh 10 COTHIi IepeIOMiB IPOTSITOM YChOro XUTTs. Jo-
BIi TpyOUacTi KiCTKH JIETKO 1e(OPMYIOThCS Bill HOpPMaJIbHOTIO Ha-
MPYXEeHHs M’S13iB Ta BHACIIIOK ITepeHeceHux nepenomin. Ll tro-
I MalOTh BUPAXEHY 3aTPUMKY pocTy. Maiike B yCiX Malli€HTiB i3
HO III tTuny po3BUBa€THCS CKOMi03. PEHTTeHOMOTiUHO — 1IUPO-
Ki MeTaizu, HalllapyBaHHS 32 TUTIOM «ITOTIKOPHY» B 30HaX pOC-
Ty Ha J0JIaTOK 70 OCTEONOopo3y. XBOpi MOTPeOYOTh iIHTEHCUBHOT
¢isznuHoi peabinitaiiii Ta oproneanuHoOI fornomoru. barato xTo 3
HUX IPUKYTHUI 10 iHBaJIiIHOIO Bi3Ka.

HO 1V tuny € nyxe tsxkow ¢opmoro 3a Cinencom. [ia-
THO3 MOXHa BCTAaHOBUTH IPU HAPOIXKEHHi a00 y LIKiIbHOMY
Bili. Komip ckiep Moxe 0ytu pizHum. Lli gitu yacTo MaloTh
JeKiJbKa MepeioMiB Ha pikK Ta BUKPUBJIEHHS JOBIUX TpyOuac-
TUX KicToK. YacToTa nepesoMiB MOXe 3MeHIIyBaTUCs, abo iX
MOKe HaBiTb He OyTHu Miciist myGepTaTHOro mnepiony. 3arajaiom
yci mamientu i3 IV tTumom HO MaioTh HM3BKUI OCTAaTOUHMIA
3picT, IO YaCTO 3HAXOAUTHLCS B Tialla30Hi 3pOCTY IiTel mybep-
TaTHOTO BiKy. barato xTo 3 IuX mali€HTiB pearye Ha Tepalrilo
TOPMOHOM POCTY Ta MOXe€ 3Ha4HO migpocTu. [1pu peHTreHo-
rpadii KiCTOK peeECTPYETHCS OCTEONOPO3 Ta JerKi MOPyILIeHHS
MopeaoBaHHs. baraTo mauieHTiB MalOTh BepTeOpabHi KOMII-
peciiiHi repesioMu Ta CKOJIi03. 3aBAsIKM MOCTiliHii peabimiTa-
il Ta OpTONEANYHIN KOPEKIlii 1Ii XBOPi MOXYTh IepecyBaTUCS
06e3 CTOPOHHbOI foroMoru (puc. 1).
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For Type V—XI the Sillence numeration has been con-
tinued, but they are based on different criteria than the Sil-
lence types. Clinically they present a phenotype, according
to Sillence type IV. Type V (OMIM %610967) and type
VI (OMIM %510968) are defined by histologic and cli-
nical/radiographic signs and have an unknown etiology.

OI Typ V Ol is associated with radiographi-
cal dense band adjacent to the growth plate of long
bones. Patients with OI V develop hypertrophic cal-
lus formation at the sites of fractures or surgical pro-
cedures. They show calcification of the membrane
between the radius and ulna, leading to restric-
ted rotation. Patients have normal teeth and white
sclerae. [11]

OI Type VI can be distinguished only on tissue
level on bone biopsies [12]. The lamellae show «fish-
scale»-like appearance under the microscope. Ol VI
is characterized by an increased amount of non-min-
eralized osteoid with a relatively late onset of frac-
tures. Teeth and sclera development is normal, the
skeletal disease seems to be moderate to severe [12].
OI VI show only a poor response to bisphosphonate
therapy [13].

OI Type VIl is caused by defects in cartilage-asso-
ciated protein (CRTAP) [6, 7, 14]. These individuals
have rhizomelia and a moderate bone disease, associ-
ated with a hypomorphic mutation in CRTAP. Null
mutations in CRTAP have been shown to cause a le-
thal form of OI, with white sclerae, rhizomelia and a
small to normal cranium.

OI Type VIII is caused by defects in P3H1 (encoded
by LEPREL1). There is considerable overlap in the phe-
notypes of OI VII and VIII. Null mutations in LEP-
REI result in a phenotype that overlaps types 11 and 111
Ol, but has distinct features like white slerae, extreme
growth deficiency, and undermineralization. [9]

OI Type IX is caused by a gene defect in PPIB
(CyPB). The phenotype is moderate to severe [4].

OI Type X is associated with SERPINH1 mis-
sense mutations (collagen chaperone HSP47). The
only child reported with HSP47 deficiency had a se-
vere Ol phenotype, including blue sclerae, dentino-
genosis imperfecta, transient skin bullae, pyloric ste-
nosis and renal stones [4].

OI Type XI is caused by FKBP10 frameshift mu-
tations. Patients have deforming OI including long
bone fractures, ligamentous laxity, platyspondyly and
scoliosis. Sclerae and teeth are normal [4].

Recently also the Bruck Syndrome type 2,
Caffey Disease and Osteoblast Maturation De-
fects have been added as unclassified OI-like or
collagen-based disorders to the OI classification
system.

Radiologic Findings

Long bones have thin cortical bone and a gra-
cile appearance. In moderately to severely affec-
ted patients, long bones have bowing and model-
ing deformities, including cylindrical configura-
tion from an apparent lack of modeling, metaphy-
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V-XI tunu HO € mpomoBxkeHHsIM Kiacugikanii CineHca,
MPOTE BOHU I'PYHTYIOTHCS HA iHIIUX KpUTepisx. KiiHiYHO BOHU
Haranyiotb ¢penotun HO IV tuny. HO V (OMIM %610967) ta
HO VI tuny (OMIM %510968) BUPi3HSIOTHCS TiCTOJIOTTYHUMM
Ta KJIiHIKO-pPEHTTeHOJIOTIYHMMU O3HaKaMU Ta MaloTh HEBiJIOMY
eTioJiorito.

HO V tuny miarHOCTY€TbCS IIPU HASIBHOCTI IIUTBHOL CMYXKKH
OpYyY i3 30HOIO POCTY MOBTUX TPyOUACTHX KiCTOK. Y MAallieHTiB
i3 HO V tuny ¢opMyeThbes rinepruiacTiyHa KiCTKOBa MO30JIb Y
MiCLISIX TIepeioMiB ab0 XipypriYHMX ONepaTUBHUX BTpydaHb. Y
HUX PEECTPYEThCS KaylbLMDiKaLish MixXXKiCTKOBOI MEMOpaHU Mix
MPOMEHEBOIO Ta JTIKThOBOIO KiCTKaMU, 110 MPU3BOIUTH 10 0OMe-
JKeHHsT poraitii. [TamieHTr MaroTh OiJli CKJIepH Ta He MalOTh ITOPY-
IIeHHST AeHTUHOTeHe3y [11].

Hiarno3 HO VI Tumny MoxHa BCTAaHOBUTH JIUIlIe HA TKAHUH-
HOMY piBHi pu Oiorcii Kictku [12]. I1im MiKpoCKOITOM IUIaCTUH-
KM HaragyoTh gycky puou. HO VI tumy xapakTepusyeTbes min-
BUILIEHOIO KiJbKIiCTIO HEMiHEpaai30BaHOIO OCTeoimy. Y XBOPUX
BiZTHOCHO ITi3HO IOYMHAIOTh PEECTPYBATUCS TTepeoMU. 3yOu Ta
CKJIepY MaloTh HOPMaJIbHUIT pPO3BUTOK. 3MiHU CKeJjleTa BilMoBi-
JAI0Th CEPEIHBbOMY Ta TSKKOMY cTyreHto [12]. JIuiie nauieHTn
i3 HO VI tuny maroTh HeajeKBaTHY BilIOBiJb Ha Tepartito Oic-
docdonaramu [13].

PosButok HO VII Tuny 3ymoBneHuit nedekrom Xpsii-
acouinoBanoro 6inka (CRTAP) [6, 7, 14]. Li mauieHTu Ma-
IOTh Pi30MeJIilo Ta IMOMipHi 3MiHM 3 OOKY KiCTOK, ITOB’sI3aHi
3 myTaunieo rimomopdHux myrauiii CRTAP. loBeaeHo, 110
Null myrtanii B CRTAP Bukinukamots JetaabHi ¢opmu HO.
XBopi i3 3a3HaueHuM TunoM HO matoTh 6iji ckiiepu, pizome-
JIito i Manuii yepen.

HO VIII tuny Buknukanuii nepekramu B P3H1 (komyerbest
LEPRET1). ®enotumnioBo HO VII ta VIII € myxe cxoxumvu. Null
mytatlii B LEPRE1 Buknukators enotur, mo Haragye HO 11 Ta
III Tumny, mpoTe BiApi3HSIETHCS TIEBHUMU OCOOJIMBOCTSIMU: XBOPIi
MaloTh OiJli CKiIepu, oyKe (€KCTpeMalbHO) HU3bKUI 3piCT Ta He-
3aBeplIeHy MiHepaizauito [9].

HO IX tuny Bunukae BHacainox aedexry rena PPIB (CyPB),
nepedir XBopoOU cepeaHbOTO Ta TSXKKOTO CTyIeHs [4].

HO X tuny acouiroetbcs i3 MiceHc-myTaniero SERPINHI1
(konareH-3B’s13ytouoro Oinka HSP47). Jlumie ogHa nutuHa i3
BcTaHoBJIeHUM nediuutom HSP47 deHoTHmOBO Mama TSKKY
dopmy HO, y Hei criocTepiranucs royny0i ckiepu, HeJOCKOHA-
JINI AEHTUHOTEHEe3, MIrpyloui MyXupi Ha 1IKipi, CTEHO3 MiJopuy-
HOTO BiIiTy IUTyHKA, ce4oKaM’siHa XBopooa [4].

HO XI tumny Bukiukanuii mytanieto rena FKBP10. [Tamientn
MaioTh aedopmytounii Bapiant HO, y HMX criocTepiraroThCs mepe-
JIOMM JOBIMX TpyOUYacTHX KiCTOK, CJIaOKiCTh 3B’SI3KOBOIO arapa-
Ty, CKOJ1i03. 3yOu Ta CKJIepy MalOTh HOPMaJIbHUI PO3BUTOK [4].

3a ocTaHHi POKM BUIIIEHO APYruii TMIl cuMHApoMy bpyka
(Bruck-cunapowm), xBopoby Kadoi (Caffey) ta cunapom nedex-
TiB 103piBaHHsI ocTeobacTiB. Ha choroaHi BOHU BHECEHi SIK He-
knacudikoBani HO-noaioHi 3axBoproBaHHsI, 00 KoJlareHOIaTii,
1110 BiTHOCSITH J10 Tpymu 3axBoproBaHb HO.

PeHTreHonoriuHi metoamn gocnigKeHHs

JloBri TpyOuacTi KiCTKM MalOoThb TOHKWII KOPTUKAJILHUIA Iap.
IIpu cepenHbOMy Ta TSLKKOMY Mepe0iry 3aXBOpIOBaHHS JOBIi TPYO-
YacTi KiCTKM BUTUHAIOTHCSI Ta BUKJIMKAIOTH Aedopmallii, 30KpeMa
HWIHAPUYHOI (hOPMU, YHACJIIOK CIOBLILHEHHSI MOJCIIOBAHHS,
po3LIMpeHHsT MeTadi3iB, MOSIBY HalllapyBaHb 3a TUIIOM <«ITOIKOP-
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HoBiTHi pocArHeHHA

Figure 1. DXA body scan of a 38-year old man with Ol type IV:
short stature, scoliosis, moderate deforming bones of the lower
extremity

PucyHok 1. JeopomoHHa peHmMzeHiecbka deHcumomempis
8Cb020 cKeslema 38-piyHozo yonosika iz HO IV muny: HusbKo-
pocnicme, ckonio3, nomipHi de¢hopmayii Kicmok HUXKHbOT KiH-
yieku

Figure 3. HR-pQCT image of the tibia of a 35-year old man
with Ol IV. Reduced trabecular number and decreased BV/TV,
increased inhomogeneity of the network

PucyHok 3. 306pa>keHHs, ompumaHe 3a 00NOMO020t0 8UCOKO-

Figure 2. DXA scan of the lumbar spine of a 40-year old woman
with Ol lll. Unfeasible scan due to multiple vertebral fractures
and scoliosis
PucyHok 2. [lex¢pomoHHa peHmzeHiecbka 0eHcumomempis no-
nepekoeo2o 8i00iny xpebma 40-piyHoi xiHku i3 HO Ill muny.
Hemoxxnueicme ckaHyeaHHA ma aHANi3y 6 HAC/TIOOK MHOMXUH-
HuX nepenomie min xpebyie ma ckoniosy

po30inbHoi nepuhepuyHoi’ Komn’rtomepHoi momozpadpii 2o0min-
Ku 35-piyHo20 4onoeika i3 HO IV muny. 3vmeHweHHA Kinekocmi
mpab6eKyn ma 3HuUX<eHHA cnieeioHoweHHs BV/TV (06’emy Kicm-
Ku 00 3a2a/1bH020 06’€My), 3HUXKeHHA 20MO2eHHOCMi mpabeky-
nApHoi cimku

seal flaring, and “popcorn” appearance at the me-
taphyses [15]. Long bones of the upper extremity
are often seen with milder deformities than those
of the lower extremity, even without weight bea-
ring. Vertebrae often have central compressions
even in mild type I OI. These often appear first at
the T12-L1 level, consistent with weightbearing
stress. In moderate to severe OI, vertebrae show
central and anterior compressions and may ap-
pear compressed throughout. The compressions
are generally consistent with the patient’s L1-L4
DXA Z-score but do not correlate in a straight-
forward manner with scoliosis. In the lateral view
of the spine it is difficult to assess the asymmetry
of vertebral collapse, which, along with paraspi-
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Hy» B MeTadizax [15]. [1oBri KiCTKM BEpXHiX KiHIIiBOK MalOTh JIETTiIi
nedopMallii MOpiBHSIHO 3i 3MiHAMM B HYDKHIX KiHIIIBKaX, HABITb SIK-
1110 BOHU HE BUKOHYIOTb BaroHecy4oi (pyHKiLii. YacTo maiieHTr Ma-
IOTh LIEHTPAJIbHI Ta KJIMHOITOMIOHI KOMIIPECiiiHI MepeIoOMU HaBITh
nipu Jierkomy niepediry HO I tumy. Tlepenomu Briepiiie HaityacTi-
1re peecTpytotbest Ha piBHi Th12-L1. [Ipu cepenHbOMY UM TSDKKOMY
nepebdiry HO BUSIBIISIIOTH LIEHTpaibHi KOMIIPECiliHi Ta KIIMHOIIOMiO-
Hi ITePETIOMM, 1110 MOXYTh BUHMKATH MTPOTSITOM YChOTo KUTTS. CTy-
MiHb KOMIIPECii Y3roKy€EThCs i3 TMMOKa3HUKAMU Z-KPUTEPilo IBO-
(OTOHHOI PeHTTeHiBCchKOoi abcopobiioMmeTpii (DXA) nmonepekoBoro
Bimainy xpe6Ta (L1-1.4), mpoTe He KOperoe IPSIMO TIPOIOPLIIAHO i3
cTyneHeMm ckoJiody. [1pu natepasbHOMY HOCIIIKEHH] XpeOTa 1yxe
CKJIAAHO OLIHUTH aCUMETPil0 BUCOTH TiJl XpeOLliB YHACIiIO0K ¢J1a0-
KOCTi MapacrniHaIbHUX 3B’5130K, 1110 3yMOBJIIOE PO3BUTOK CKOJIi03Y
npu HO. Y mamienTiB i3 HO criocTepiratotbest pi3HOMaHITHI 3Mi-
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nal ligamentous laxity, is generally the cause of
OI scoliosis. The skull of OI patients, with a wide
range of severity, has wormian bones, although
this is not unique to OI. Patients with type III and
IV OI may also have platybasia, which should be
followed with periodic CT studies for basilar im-
pression and invagination [16].

The skeletal radiographic appearances of only a few
infants and children with OI types VII and VIII have
been described [6, 7, 9]. Both groups have extreme os-
teoporosis and abnormal long bone modeling, lea-
ding to a cylindrical appearance. The bone material
appears cystic and disorganized. In surviving children
with type VIII there is a flaring of the metaphyses.

Laboratory and Histomorphometric
Findings

Parameters of bone metabolism are generally in
the normal range. However, bone turnover has also
been described to be high [17] or even low-normal
in OI [18]. Alkaline phosphatase may be elevated af-
ter a fracture and is lightly elevated in type VI [12].
Acid phosphatase is elevated in type VIII Ol and can
logically be expected to be elevated in type VII. Hor-
mones of the growth axis usually have normal levels
[19]. PINP levels are decreased due to pathophysio-
logy of disease [20]. Lower levels were found for OI I
in comparison to OI III or OI IV due to the reduced
amount of collagen [21]. Serum-CTX levels are usu-
ally in normal range [17] or decreased [20].

Bone histomorphometry shows defects in bone
modeling and in production and thickening of
trabeculae [22]. Cortical width and trabecular
bone volume are decreased in all types. Trabec-
ular number and width are decreased. Bone re-
modeling is increased, as are osteoblast’s and os-
teoclast’s surfaces [23]. Under polarized light, the
lamellae of OI bone are thinner and less smooth
than in controls. Mineral apposition rate is nor-
mal, crystal disorganization may constribute to
bone weakness.

BMD
Measurements

BMD measurements by DXA (L1-L4) are
useful over a wide age and severity range of OI
[24]. It aids diagnosis in milder cases and facil-
itates longitudinal follow-up in moderate to se-
vere forms. There is a general correlation of Z-
score and severity of OI. Type I individuals are
generally in the -1 to -2 range, type IV Z-score
cluster in the -2 to -4 range, whereas type III
spans -3 to -6. Children with type VII OI have -6
to -7 Z-score. It is important to remember that
the Z-score compares the mineral content of the
bone being studied to bone with a normal ma-
trix structure and crystal alignment. In Ol, ma-
ny mutations result in irregular crystal alignment
on the abnormal matrix, in addition to reduced
mineral quantity.

HM Yepera, 1110 MOXYTb OyTH Pi3HOTO CTYMEHSI TSKKOCTI, IPOTe BO-
HU He MatoThb TUIoBoro Tiibku st HO xapakrepy. [Natientn 3 111
ta [V tTunmom HO Takox MOXXyTh MaTH TU1aTMOa3it0 (3MillIeHHST Bro-
Py IHA 3aIHBOI YePEITHOL SIMKH ), III0 JiaTHOCTYETHCS IIPH ITTAHOBUX
KOMIT I0TepHMX TOMOTpadisix 1151 BUKITIOUeHHS Oa3MIsIpHOI iHBari-
Halii abo imripecii (BKIMHEHHST 3y00BUIHOTO BinpocTtka C2 B 1o-
POKHUHY 3aIHBOI YePETTHOI IMKH) [16].

PentreHonoriuni o3Haku ckenetHux aHomaiiii HO VII Tta
VIII tumiB onuvcaHi Juiie Ipyu 00CTeXEeHHI IeKiJIbKOX HEMOBJISIT
Ta aiteii [6, 7, 9]. OGUABI Tpyu MaIOTh Ay>Ke BUPAaKEHUIA 0CTEO-
MOpO3 Ta aHOMaJIbHE MOJIEIFOBAHHS IOBTMX TPYOUaCTUX KiCTOK,
1110 MPU3BOJUTH IO PO3BUTKY LMJIiHAPUYHOI Aecdopmaiiii. Kicr-
KOBa TKaHMHA € Ie30praHi30BaHOIO Ta KiCTO3HOIO. ¥ HiTel, sIKi
Bk 3 HO VIII tuny, peectpyroTbes mmpoki Mmetadisu.

Jla6opaTtopHi Ta ricromop¢onoriuHi
BROCNigKeHHA

TMapamerpu MeTabosi3My KiCTKOBOI TKAaHWHU, SIK MPABWUJIO, B
Mexxax Hopmu. [1pote onucano, o npu HO nokasHuku pemojie-
JIIOBAHHS KiCTKOBOI TKAHUHU € BUCOKMMU [17] a00 HaBiTh 3HAXO0-
ISThCS Ha HIDKHIN Mexi Hopmu [18]. PiBeHb myxxHOI (pocdaTazu
MiIBUIILYETHCS ITiCIIsI TIepeIoMy Ta IMOMipHO 3pocTae mpu VI tumi
HO [12]. PiBens kucinoi pocdarazu niasuinyeTbes npu VI tumi
HO, noriuHo, 1110 BiH Moxe 0yt BucokuM 1ipu VII turmi. FopmoH
pocTy, SIK MpaBuiio, y Mexax HopMmu [19]. 3HrzkeHHs piBHst PINP
3yMOBJIEHE TaTO(Mi3i0JOriYHUMU OCOOIMBOCTIMU XxBopobu [20].
Huxui piBai PINP BusiBneni npu HO I tumy nopiBHsiHO 3 Bifmno-
BimHumu 1ipu HO 111 a6o IV Tuny, 1o 3ymoBiieHe 3MEHIIIEHHSIM
KinbKOCTi KoareHy ipu Hux [21]. CupoBarkoBuii piBeHb CTX, siK
paBujIo, y Mexkax HopMmu [17] abo 3umkenmii [20].

IIpu ricromopgomeTpii KiCTKOBOI TKAHWUHM CITOCTEPIira€Thest
nedeKT KiCTKOBOTO MOAEJIOBAaHHsI Ta 3HMKEHHS KiJIbKOCTi Tpa-
6ekya Ta ix ToBumHU [22]. IIpu Bcix Tumax HO criocTepiraersb-
¢s1 3MEHIIEHHS IHIMPUHU KOPTUKAJIBHOTO 111apy Ta 00’eMy Tpabe-
KyJISIpHOT KiCTKOBO1 TKAaHWHU. Bin3HayaeTbcs MiABUILEHE KiCTKO-
BE PEMOJIETFOBaHHSI, 301JIbIIICHHS TTOBEPXHi SIK OCTE00JIaCTiB, TaKk
i octeokyacTiB [23]. ¥ moyisipu30BaHOMY CBIiTJIi TUTACTMHKHU KiCT-
kv nipu HO TOHIIII Ta MEHII TIaaKi MOPiBHSIHO 3 KOHTPOJIBHOIO
rpynolo. KibKicTh MiHepaIbHUX BiIKIaIeHb y HOPMi, IIPOTE CIIO-
CTepIiraeThCs Ae30praHizallist KPUCTAiB, 110 MOXEe IIPUBOIUTH 10
¢J1abKOCTi KiCTKMU.

AocnigxeHHA MiHepaNbHOI WiNbHOCTI KiCTKOBOI
TKaHNHN

JlocmmKkeHHsT MiHepalbHOI  IMUIBHOCTI  KIiCTKOBOI ~TKAHWHU
(MIIIKT) nonepekoBoro Bimmity xpeora (L1-1.4) 3a noriomoroto DXA
PEeKOMeHIOBaHe ISl Pi3HOTO BiKY 3a pi3HOro cTymeHs TsekkocTi HO
[24]. BusHauenns MIILKT monomarae mpu BCTAHORBJICHHI JiarHo-
3y y BUnazky Jerkux (popm HO Ta moseriiye TpuBaii crioctepeskeH-
HsI TIPY MOMIPHUX Ta TSLKKUX hopmax. [cHye npsiMuii KopessiiiiHuit
3B’S130K MK TTOKa3HUKaMM Z-Kputepito Ta Tsokkictio HO. [iamazon
Z-kputepito B oci0 i3 I Turiom 3Haxomuthest B Mexkax Big —1 1o —2 SD,
npu IV timi — y mexkax Bim —2 1o —4 SD, a ipu 111 timi — Bim —3 o
—6. ditu 3 HO VII tumy MaroTh NOKa3HUKK Z-KPUTEPItO B Miara3oHi
Bim —6 0o —7. BaxkymBo mam’sitatu, 1110 Z-KpUTepiii J03BOJISIE TIOPiB-
HSITU BMICT MiHepaJIbHUX PEUYOBUH Yy KiCTKOBIl TKAHWUHU 3 TIOKa3HU-
KaMU KiCTKM 3 HOPMAIBHOIO CTPYKTYPOIO MaTPUKCY Ta HOPMaTbHUM
PO3MOIiJIOM Y HhOMY KpucTaiiB. Y nauieHTis i3 HO pizHi MyTaliii mpu-
BOJISITh IO HEOAHOPIIHOIO BilKJIaMaHHST KPYCTAIIB HA 3MiHEHili CTpyK-
Typi MAaTPUKCY, 1110, y CBOIO YEPTY, 3HVDKYE MiHEPATbHY IIUTBHICTb.
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Nevertheless, also cases of high BMD-OI with ele-
vated DXA values in comparison to controls and other
patients with osteogenesis imperfecta due to increased
bone mineralization were reported [25]. These cases
were also associated with increased bone fragility. An
increase in mineralization density of the bone matrix is
a valuable explanation why the incidence of osteopo-
rosis is lower than expected in adult OI.

Dual Energy X-ray absorptiometry (DXA) is
currently the standard method for measuring bone
density for the diagnosis and follow up of the most
bone diseases. However, DXA does not measure
bone quality, which includes bone geometry, his-
tomorphometry and mechanical properties. Ano-
ther limitation is, that DXA is unable to reliably
differentiate between cortical and trabecular bone.
In addition, DXA measurements after surgical in-
tervention (e.g. kyphoplasty, surgical stabilisa-
tion of the vertebra) are unfeasible and degenera-
tive changes and vertebral fractures complicate the
analysis of DXA (see figure 2). In these cases the
evaluation of the BMD in the hip region, domina-
ted by cortical bone, is the only possible measuring
site. Hip structure analysis (HSA) as an estimate
of bone strength including cross-sectional moment
of inertia (CSMI), cross-sectional area (CSA) and
femoral strength index (FSI) is known to corre-
late with bone mass distribution and fracture oc-
currence. We could recently show the advantages
of the combination of BMD and hip structure ana-
lysis by DXA in adult patients with OI [26]. Espe-
cially CSA and CSMI could be an additional help-
ful means in estimating bone strength at the femo-
ral neck in OI.

A relatively new technique for the assessment of
volumetric BMD and bone structure measurement is
the high resolution peripheral computed tomography
(HR-pQCT). HR-pQCT seems to be a promising
tool for non-invasive structure evaluation in adult pa-
tients with OI. Performed at the radius and the tibia
in patients with mild OI type I, HR-pQCT detect-
ed reduced areal BMD, volumetric BMD, bone ar-
ea and trabecular number, compared to healthy con-
trols [27]. Alterations of bone structure, measured by
HR-pQCT, in moderate and severe Ol types are un-
der research at present (fig. 3).

Treatment Options

It has to be noted, that there is currently no cure
for OI. Targets of treatment include an increase in
BMD, a decrease in fracture rate, a reduction of
pain, improvement of mobility as well as an increase
in growth velocity.

Medical Therapy

IIpoTe peecTpyloThCsl BUMTaAKKM BUCOKMX MOKa3HUKiB MILIKT
npu DXA y nauienTiB i3 HO, npu sikux MIIKT e Buiioro no-
PIBHSIHO 3 KOHTPOJIBHOIO TPYIIOI0 Ta JAHUMM iHIIMX TAIli€HTIB
i3 HO [25]. Li Bummankm Oy/u TTOB’sI3aHi 3i 301JIbIIIEHHSM MiHe-
paJtizalii KicTKM Ta CyIIPOBOIKYBAINCS MiABUIICHOIO KPUXKICTIO
kicrok. [TinBuiieHHsT MiHepaJizailii KiCTKOBOTO MaTPUKCY € 1iH-
HUM TIOSICHEHHSIM, YOMY 4acTOTa OCTEOTOpO3y € HUXKUOI0, HiX
ouikyethcsa npu HO B nopociux.

DXA B maHuii yac € cTaHZapTHUM METOJOM BHMIipIOBaHHS
MILKT i3 MeTo10 1iarHOCTUKM Ta MOJAJIBIIOIO CIIOCTEPEXKEH-
Hs 32 XBOPUMH i3 OiJIBIIICTIO KiCTKOBUX 3aXBOpPIOBaHb. TUM He
meHIie DXA He BUMipIO€ SIKiCTb KiCTKOBOI TKAHUHH, 1110 BKJIIO-
yae B ce0e TaKi MOKa3HUKU, SIK FeOMeTpist KiCTKM, TicToMopdo-
MeTpisg Ta MeXxaHiuHi BiactuBocTi. Ille omHMM 0OMeKeHHSIM
€ 1e, mo DXA He MoXe BipOriIHO PO3MeXyBaTU KOPTUKAJb-
HY Ta TpaOeKyJsIpHy KiCTKOBY TKaHuUHY. KpiMm Toro, Bumipio-
BaHHA 3a goromoroio DXA € HeMOXIUBUMM IIICJIs Xipyprid-
HOTO BTpy4YaHHS (HampuKiIaa, KihomIacTUKM, XipypriuHoi cra-
Oinizalii xpeOlIiB), a HasSIBHICTh JereHepaTUBHUX 3aXBOPIOBAaHb
Ta IepesIoMiB Tijl XpeOlliB YCKIaaHIOE aHai3 moKa3HukiB DXA
(puc. 2). ¥ uux Bunagakax ouinka MILIKT y ainsgHii npokcu-
MaJIbHOTO Bi/l[IiJly CTETHOBOI KiCTKH, Jie epeBaka€ KOPTUKAJb-
Ha KiCTKOBa TKaHWHA, € ENMHOI0 MOXKJIMBOIO 30HOIO ISl BUMi-
proBaHHs. CTpyKTypHUii aHai3 cterHoBoi Kictku (HSA) Buko-
PUCTOBYETBCS IJIST OLIHKM MIilIHOCTi KiCTKM Ta BKJIIOYAE TOCITi-
IKeHHS TTOTepevHoro 3pizy MmoMeHTy iHepuii (CSMI), mmomri
norepeyHoro 3pizy (CSA) Ta ingekcy cunu crerHa (FSI). [da-
Hi TTIOKa3HMKU, SIK BiIOMO, KOPEJIOIOTh i3 PO3MOMiIOM KiCTKO-
BOI MacM Ta BUHUKHEHHSIM MepesioMiB. ABTOPU CTaTTi OCTaH-
HiM YacoM BKa3yBaJiM Ha IepeBaru MOEAHAHHS TMOKa3HUKIB
MILKT Ta aHanizy cTerHOBO1 KicTKHU 3a gornomMoroo DXA y no-
pociux xBopux i3 HO [26]. CSA i CSMI MoxyTh 6yTH 0CO0JH-
BO KOPUMCHUMU 3ac00aMU TIPU OLiHIII MilTHOCTi MUKW CTETHO-
Boi kictku ipu HO.

Ha cporomgHi 3’BUBCS BiZHOCHO HOBUI METOJ OLIHKU
06’emuoi MILIKT ta BuMiproBaHHSI CTPYKTYpPU KiCTKOBOI TKa-
HUHU — BHMCOKOPO3IiIbHA IepudeprnyHa KOMII I0TepHa TOMO-
rpadiss (HR-pQCT). HR-pQCT BumaeTbcs nepCcneKTUBHUM iH-
CTPYMEHTOM U151 HEiHBa3UBHOI OLIIHKM CTPYKTYPH KiCTKU B J0-
pocnux naiieHTis i3 HO. locaimkyoTbesi IpoMeHeBa Ta BeJIMKO-
TOMIJIKOBa KicTKH. ¥ xBopux i3 jierkum nepedirom HO npu HR-
pQCT Bu3HaYa€eTHCSI 3HUXKEHHS IUIOIIMHHOI, 00’eMHO0i MILIKT,
TUTONI KiCTKM Ta KiJIbKOCTi TpabeKyJ1 MOPiBHSIHO 3 KOHTPOJIBHOIO
rpynoo 310poBux ocid [27]. 3MiHM KiCTKOBOI CTPYKTYpPHU TPHU Ce-
penHiii Ta TsekKiit popmi HO croromni 3a momomoroio HR-pQCT
He JociimkeHi (puc. 3).

Wnaxm Tepanii

Cunin 3ayBaxkMTH, 110 HA ChOTOJHI He iCHYE IperapariB st
nmikyBanHs HO. 3aBmaHHs Tepamii BKJIIOYAIOTh 30iJIbILIEHHS
MUIKT, 3HUXEHHSI 4acTOTU IepeIOMiB, 3MEHIIEHHS 0O0JbO-
BOTO CUHAPOMY, 30UIbIIIEHHST MOOITBHOCTI, a TAaKOX 301IbIIIeH-
HSI 3pOCTY.

Meodukamenmo3Ha mepanis

Growth hormone (GH) therapy in patients
with OI suggests an acceleration of short-term
height velocity. The severe growth deficiency of
Ol is responsive to exogenous growth hormone
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Tepamist comaToTponmnHUM ropMOHOM B miteit i3 HO cripu-
si€ 30iBIIEHHIO 3POCTY Y BUNIAAKY 3aTPUMKU. SIK TIpaBuUjIo, Ha
Tepamilo eK30reHHUM COMaTOTPOITHMM FOPMOHOM BiAIoBimae
GinprictTh mauieHTis i3 HO I tuny [29] Ta monoBuHa i3 HO IV
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administration in about one half of cases of type
IV OI [28] and most type I OI [29]. Some trea-
ted children can attain heights within the normal
range. In addition, an increase in BMD, bone vo-
lume per total volume (BV/TV) and bone forma-
tion rate (BFR) were shown. However, GH in-
creases bone turnover, which seems to be coun-
terproductive in a high bone turnover state like
Ol. Additionally, a non-responder status has been
described [30].

Numerous controlled trials have shown the bene-
fits and limitations of bisphosphonate treatment for
OI [31-33]. The trabecular bone of vertebral bodies
has the most positive response. BMD is increased, al-
though the functional meaning of this measurement
is difficult to assess because it also includes retained
mineralized cartilage. More importantly, the verte-
bral ability to resist compressive forces is shown as in-
creased vertebral area and decreased central vertebral
compressions. The effect of bisphosphonate treat-
ment on predominantly cortical long bone is more
equivocal. There is a combination of increased stiff-
ness and load bearing that is balanced by weakened
bone quality [34].

Primary, pamidronate was administered in pa-
tients with OI [35]. An increase in vertebral height
and a fracture reduction were noted in studies with
cyclic pamidronate in children with severe OI [35].
However, also zoledronate acid showed satisfacto-
ry results regarding BMD and fracture risk reduction
[36, 37].

Oral bisphosphonates like risedronate increase
BMD at the lumbar spine, but not at the hip. How-
ever, fracture incidence and bone pain are not im-
proved with oral bisphosphonates [38]. In addi-
tion, oral bisphosphonates do not seem to be ap-
propriate in children, due the gastro-oesophageal
side effects. In summary, it has been shown that
there is a trend toward reduced fracture incidence
or a reduced relative risk rather than a clear sta-
tistical benefit. The functional changes in ambu-
lation, muscle strength and bone pain reported in
uncontrolled trails have been shown to be similar
to placebo. The prolonged half-life and recircula-
tion of pamidronate in children up to 8 years af-
ter treatment cessation may pose paediatric specif-
ic skeletal and reproductive risks [39]. Prolonged
or high-dose administration to children can induce
defective bone remodeling [40] and may lead to
accumulation of bone microdamage. Delayed os-
teotomy healing was noted at conventional doses
[41]. The current management of bisphosphonates
for Ol is to treat for 2—3 years and then reduce the
dose or discontinue the drug but continue to fol-
low the patient.

Future prospects in Ol treatment

The RANKL antibody denosumab is an estab-
lished therapy in postmenopausal osteoporosis [42]
and bone metastases [43]. Recently, denosumab has
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tuny [28]. Y neskux miteil 3a3HaueHa Teparis JoroMarae J10-
CSTTA HOPMaJIbHUX MOKA3HUKIB 3pocTy. Takox Take JiKyBaH-
Hs Bene no 30inbimeHHss MILIKT, BigHomeHHsT 06’eMy KicT-
KM J10 3araibHoro 06’emy (BV/TV) ta mBuakocti ¢oopmyBaH-
Hs kicTtkoBoi TkaHuHu (BFR). [Ipote comarorpomHuii rop-
MOH TIPUIIBUAIIYE PEeMOIETIOBAHHSI KiCTKOBOT TKAHUHMU, 1110
€ HETIPUITYCTUMUM Y BUIAJAKY BUCOKHUX TEMIIiB METa0O0i3My
KiCTKOBOI TKaHUHMU, IKMI criocTepiraerbes mpu HO. Kpim to-
ro, TaKOX OIMCaHi BUMAAKM BiICyTHbOI BilIIOBii HA 3a3Have-
Hy Tepamito [30].

YucneHHi KOHTPOIbOBaHI KJIiHIYHI AOCTIIKEHHST MOoKa3alu
rnepeBaru Ta HefnoJiiku 6icchocdoHariB wis JgikyBanHs HO [31—
33]. Haiikpauie BinmoBimae Ha Tepariito rybyacra KicTKoBa TKa-
HUHa Tina xpeOusi, criocTepiraeThest 30itbieHHss MILIKT, xoua
(yHKIliOHATIbHE 3HAUYEHHS 1IbOTO BUMiPIOBAHHSI CKJIQJIHO OLliHU -
TH, OCKIJIBKM BPaXOBYETHCS MiHepasri3amis xpsiia. Takox Baxk-
JINBO 3a3HAUUTHU, IO TiJO XpeOlls 3/aTHE MPOTUCTOSITU CUIaM
CTUCKYBaHHS 3a paXyHOK 30iIbIIEHHS IUIOII XpeOls Ta 3MeH-
IIEHHsI KOMIIpecii B LIEeHTpaJibHill 1ioro yacTuHi. Brmus Tepa-
nii 6icocdoHaTaMu Ha CTaH IOBrUX TPyOUYACTHMX KiCTOK, IO
MEePEeBaAXHO CKJIANAIOThC i3 KOPTUMKAJIbHOI KICTKOBOI TKaHM-
HU, Oinblll cyMHiBHUIA. CriocTepira€Thest KOMITEHCAllisl HU3bKOT
SIKOCTi KiCTKU TABUIIEHHSM 11 MiITHOCTI Ta CTIKOCTi 10 HaBaH-
TaxxeHHs [34].

Cniovatky nauieHTam 3 HO npusHavaau namiipoHOBY KHC-
noty [35]. KypcoBa Teparris maMiZpoHOBOIO KKUCJIOTOIO B HOiTE
i3 TskKo10 (popmoro HO npuBoauTh 10 30i/IbIIIEHHS BUCOTHU TiJl
XpeOlIiB Ta 3HMKEHHS 4acToTu IepeynomiB [35]. Takoxk oTpu-
MaHO 3a70BiIbHI pe3yabTaTu 1moao ctany MIIKT ta 3HukeH-
HSI PU3UKY TIEPeJIOMiB MPU MPU3HAYEHHI 30JIEAPOHOBOI KHUCIIO-
™ [36, 37].

Tab6ireroBaHi OicpocoHaTn, 30KpeMa pU3eIPOHOBA KUCIO-
Ta, 30ibiyI0oTh MILIKT Ha piBHI monepekoBoro Bimaiay Xpeo-
Ta, IPOTE HE BILJIMBAIOTh Ha CTETHOBY KiCTKY. TakoxX yacToTa re-
peJIOMiB Ta iHTEHCUBHICTh OCAJITiii HE 3MIHIOETBCS MPU Tepaltii
nepopanbHuMu Oicoconatamu [38]. Kpim Toro, TabiaeroBaHi
OichochoHaT HEMOILILHO 3aCTOCOBYBATH B JITEH Y 3B’ SI3KY 3 iX
no0iYHMM BIUIMBOM Ha CTaH CTPaBOXOAY Ta IUTyHKA. Takum 4m-
HOM, OyJIO MOKa3aHOo, 1110 iCHY€E TeHIEHIIis 10 3HUKEHHS 4acTO-
T Ta BIAIHOCHOTO PU3MKY MEPEIOMiB, ajleé HEMA€E CTATUCTUYHOI
BipOTiTHOCTI MOKA3HUKIB. ¥ HEKOHTPOJIbOBAHUX KJIiHIYHUX T0-
CJIIIDKEHHSIX TTIOKa3aHo, 110 Pe3yIbTaTh (PYHKIIIOHATBHUX TECTiB
11010 XO/bOU, M’SI30BOi CUJIM Ta OCaJTiii OyTH TaKUMU XK, SIK Y
rpyni riane6o. TpuBanuii mepion HamiBpo3Mmamy Ta HMPKYJISIILis
MaMiZpOHOBOI KMCJIOTU B OiTeH OO 8 POKIB ITiCIIsSI IIPUITMHEHHS il
BBEICHHS MOXE BUKJIMKATU CHeUM@IiuHI memiaTpudHi CKelIeTHi
Ta penpoaykTuBHi pusuku [39]. Tpusana teparnisi abo npusHa-
YEHHSI BUCOKUX J03 Y AiTeil MOXe BUKJIMKATU MOPYIIEHHS KiCT-
KOBOro pemMojestoBaHHs [40] Ta mpu3BecTH A0 aKyMYJISILii Mi-
KkpotpimuH. [Ipu 3actocyBaHHI cepenHiX mo3 mpenapaTy Oyjo
BiI3HAYEHO CITOBiIbHEHHS 3aroeHHsT ocTeoToMii [41]. Croroa-
Hi peKOMeHAY€EThCs TTpru3HayaTu OicpocdonaTu B nikyBanHi HO
NpoTsAroM 2—3 poKiB, a MOTIM 3MEHIITYBaTHU 103y a00 TIPUTMTUHU-
TH 1X BUKOPUCTAHHSI, MPOTE TTPOJOBXKYBATU CIIOCTEPEXKEHHS 3a
Mali€eHTOM.

Main6yTHi nepcnekTnBu B nikyBaHHi HO

Henocymab (antutina mo RANKL) crBopenuit mis Teparii
MOCTMEHOITIay3aJIbHOI'0 OcCTeoropo3y [42] i meTacTasiB KiCTOK
[43]. HellogaBHO mpoBeAeHi AOCTiIKeHHSs e(heKTUBHOCTI IEHO-
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been determined in a small cohort of rare OI VI, who
show poor response to bisphosphonate treatment
[13]. Denosumab was injected subcutaneously every
three months and caused a decrease of bone resorp-
tion, greater than the previous bisphosphonate the-
rapy. Bisphosphonates stay in the skeleton for many
years. One of the advantage of denosumab could be
faster elimination [13].

However, further studies have to focus on ef-
fects of a long-term treatment and fracture risk
prediction in bigger cohorts and different types
of OI.

Osteoanabolic therapy with teriparatide (TPTD)
is known to increase BMD and reduce vertebral frac-
ture risk in male and female patients with osteoporo-
sis [44]. In 2009 a phase four, multicentre, placebo-
controlled study was enrolled to determine the effec-
tiveness of TPTD in adult patients with Ol (unpub-
lished data). We could recently show the benefit of
short-term TPTD treatment in fracture healing in a
male patient with OI type IV and a five-fold pelvic
fracture (ahead of print).

The Glycoprotein sclerostin is a potent in-
hibitor of bone formation. A sclerostin antibody
was lately developed for the treatment of osteo-
porosis, showing promising data for this anabo-
lic treatment in preclinical studies [45]. Current-
ly the sclerostin antibody was evaluated in the
Brtl/+ mouse knock-in model for moderately se-
vere Type IV OI with a point mutation on CO-
LIAI [46]. Two weeks of treatment increased tra-
becular bone mass, resulted from increased tra-
becular thickness, but not number. Additional-
ly, sclerostin antibody treatment significantly in-
creased ultimate load and stiffness. Function-
al outcomes including ultimate load and stiffness
were improved to levels not significantly diffe-
rent from wild type mice [46]. However, the role
of sclerostin in patients with OI remains unclear.
Further investigations are needed on this field to
confirm these preliminary data.

Mesenchymal stem cells (MSC) transplantation
could possibly correct genetic disorders like OI [47].
Horwitz et al. performed bone marrow transplanta-
tions in three children with severe Ol. Specimen of
iliac bone biopsies, before MSC-transplantation,
showed the characteristic appearance of high bone
turnover, disorganized osteocytes, enlarged lacunae
and a decreased number of osteoblasts. Seven months
after MSC-transplantation a reduced number of os-
teocytes, linearly organized osteoblasts, improved
bone formation and mineralisation were found. Ad-
ditionally, bone mineral content, measured by DXA,
increased by 28 g (median) during the first 100 days
after transplantation [47]. Taking into account the
small sample size of this study, MSC-transplantation
could be a robust treatment in patients with OI. How-
ever, adverse effects of MSC such as tumour modula-
tion, malignant transformation and immunosuppres-
sive property have to be considered [48].

22 Binb. Cyrno6u. Xpe6et

cyMaly Ha HEBEJIMKIil KiTbKOCTI MaIlieHTIB i3 pinkicHuM VI TH-
nom HO, y sikux Oysia HeajeKBaTHa BiZINOBIAb Ha JIiKyBaHHs Oic-
dochonatamu [13]. JeHoCcyMald YBOAWIN ITAIIKIPHO KOXHI TPU
Micsilli, 1110 CYMPOBOIXKYBAIOCS 3HUXKEHHSIM KiCTKOBOT pe3op0-
il OiJIbIIIe, HixX IIpK MOIepeaHii Teparii 6icpoconaramu. bic-
¢dochoHaTH 3aIMIIAIOTECS B CKEJIETi IIPOTSTOM 0araTboX pPOKiB.
OpHielo 3 TiepeBar AeHocyMady Moxe OyTH HOro IIBUIIIA eTiMi-
Haris [13].

TakuM ynMHOM, HEOOXiAHi MOAAbIIi JOCTIIXKEHHS, SIKi IO-
BUHHI 30cepeauTucs Ha e()eKTUBHOCTI TPUBAJIOTO JIiKYBaHHS Ta
Oro BIIMBY Ha PU3MK IMEPEJIOMIB y BEJIMKMX KOTOPTax Malli€eH-
TiB i3 pi3HuM Turiom HO.

AmnaOoriyHa Tepamis i3 3aCTOCYBaHHSM TepUIIapaTULy
(TPTD), ax Bimomo, nmigBumrye MILIKT ta 3HMXY€E pU3UK Bep-
TeOpaJIbHUX IIePEeIOMiB Y YOJIOBIKiB i KiHOK 3 OCTEOIIOPO30M
[44]. Y 2009 poui po3noyaTo yeTBepTy a3y 6araToleHTPOBO-
ro 1Jj1aied0-KOHTPOJIbOBAHOTO AOCHIAXEHHS i3 BU3HAYECHHSIM
e(eKTUBHOCTI Tepunapatuay y popociux xpopux i3 HO (He-
ony01iKoBaHi 1aHi). ABTOpU CTaTTi HA ChOTOJIHI BUSBUJIU MO~
3UTUBHUI e(EeKT KOPOTKOCTPOKOBOI Teparii TepurapaTuaioM
y KOHCOJIiIalii M’ ITMKpaTHOTO MepeioMy KiCTOK Ta3a B 40JI0-
Bika 3 HO IV tuny (rmomaHo 10 apyky).

['nikornpoTeiH cKJIEPOCTUH € MTOTYXKHUM iHTiOiTOpOM hop-
MYBaHHS KicTKOBOi TKaHMHU. OCTaHHIM YacoM po3pobJie-
Hi aHTUTiA 10 CKJIEPOCTUHY AJs JIKyBaHHS OCTEOIIOPO3y Ta
OTpUMaHO OOHAMiNAMBI pe3yJbTaTU IS ILOTo BUAY aHA0O-
JIiYHOI Tepamii B JOKJiHIYHUX AOoCHiIKXeHHsX [45]. Cboroa-
Hi BUBYAETHCS €(PEKTUBHICTb MPU3HAYEHHST aHTUTIJI 10 CKJIe-
POCTHHY B e€KCIIepMMEHTi Ha Muiuax Brtl/+, Monmeni cepen-
HbOTsIXKOT popmu HO IV tuny i3 myrauieto B COL1A1 [46].
JIBa TMXHIi JIIKyBaHHSI CIIPUSIIOTh MPUPOCTY TpaOEKYISIPHOI
KiCTKOBOI MacH 3a paxXyHOK 30iJIbIIIEHHSI TOBIIMHU TPaOeKyI,
ajie He ix KibkocTi. KpiM Toro, mpu Teparmii aHTUTiIaMu 10
CKJIEPOCTUHY 3HAYHO 301JIbIITYETHCS TPAHUYHE HABAHTAXEH-
Hs Ta MilHicTh. Pe3ynbratil GyHKIIOHATBHUX TECTIiB, Y TOMY
YUCJIi TPAHUYHOTO HaBaHTaXEHHS Ta MillHOCTi, 3HAaYHO IO-
KpalllMJIMCs Ta BipOTimHO He BiIpi3HSAMCS Big MUIIE IMKO-
ro Tuny [46]. TuM He MeHIIIe POJIb CKJIEPOCTUHY Y XBOPHUX i3
HO 3anuinaerscst Hesd’sicoBaHolo. HeoOXinHi momanbini mo-
CJIIIXKEHHST B IbOMY HaNpsSIMKY, 11100 MiATBEpAUTHU TOTepe-
NHI pe3yJbTaTu.

TpaHcrnnaHTalisi Me3eHXiMaJlbHUX CTOBOYPOBUX  KJIITUH
(MCK) Morta 6 BUIIpaBUTH TeHETUYHI 3aXBOPIOBAHHS, 30KpeMa
HO [47]. XopBil i criBaBT. IpOBeIN TPAHCIUIAHTALIIO KiCTKO-
BOTO MO3KY Y TPbOX IiTei i3 Tskkoio ¢hopmoro HO. 3pasku 6io-
nTaTy Ki1yooBoi KicTku 10 TpaHcruianTalii MCK manu TunoBuit
BUIJISIA KiCTKOBOI TKAHMHU 3 BUCOKMM MeTa001i3MOM, CIIOCTEPi-
rajucs Ae30praHizoBaHi OCTEOLUTH, 30UTbIIEHHS JaKyH i 3MEH-
ILIEHHS KiJbKOCTi ocTeoOnacTiB. Yepe3 ¢ciM MicsLiB micist TpaH-
crtanTanii MCK Bin3Havyasocst 3SMEeHIIEHHS KUTbKOCTI OCTEOI -
TiB, JIIHITHO OpraHi3oBaHi OCTeOOJACTH, TOJIMIIeHHS (hOopMy-
BaHHS Ta MiHepaJizalii Kictok. KpimM Toro, ymicT MiHepaibHUX
peYoBHUH, IO BuUMipioBaBcs DXA, 30iMbIIMBCI B cepeIHHOMY
Ha 28 1 mpotsarom nepmux 100 oHIB miciaa TpaHcIIaHTauii [48].
3 oAy Ha HEeBEIUMKMIA po3Mip BUOIPKU JAHOTO AOCTiIKEHHS
TpaHcmiaHTalis MCK Moxe OyTu INepCrneKTUBHUM METOIO0M
JikyBaHHS xBopux i3 HO. Tum He MeHIlle HeTaTUBHI HACiIKU
tpaHcmaanTanii MCK, Taki sik 3pocTaHHs1 4aCTOTH MyXJIUH, 3J10-
sIKiCHI TpaHcdopmallii Ta iMyHOCyIpecisi, TAKOX MOBMHHI Opa-
THCS 10 yBaru [48].
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Physical Therapy and Orthopedic
Surgery

Early and consistent rehabilitation intervention is
the basis for maximizing the physical potential of in-
dividuals with OI [49, 50]. Physical therapy should
begin in infancy for the severest types, promoting
muscle strengthening, aerobic conditioning, and, if
possible, protected ambulation. Programs to assure
muscle strength to lift a limb against gravity should
continue between orthopedic interventions using iso-
tonic and aerobic conditioning. Swimming should be
encouraged.

The goals of orthopedic surgery are to correct de-
formities for ambulation and to interrupt a cycle
of fracture and re-fracture. The classic osteotomy
procedere requires fixation with an intramedullary
rod. The hardware currently in use includes tele-
scoping rods (Bailey-Dubow [51] or Fassier-Duval
rods) and nonelongating rods (Rush rods). Impor-
tant considerations include selection of a rod with
the smallest diameter suited to the situation to avoid
cortical atrophy.

The secondary features of OI, including abnormal
pulmonary function, hearing loss and basilar invagi-
nation are best managed in a specialized coordinated
care program.

Conclusion

Osteogenesis imperfecta is a genetic disorder of
connective tissue characterized by fragile bones and
a susceptibility to fracture from mild trauma. The de-
fects are either caused by primary defects in collagen
type 1 or by proteins interacting with collagen type
1. The clinical range of this condition is extremely
broad, ranging from lethal cases in the perinatal pe-
riod to mild cases with only few fractures. Current-
ly over 1500 dominant mutations in COL1A1 and
COLI1A2 have been identified [4]. Eleven types of Ol
have been classified, so far.

Ol is diagnosed by radiologic and clinical find-
ings or by collagen biochemical testing and DNA
sequencing. The follow up of disease is made by
radiological techniques, since bone turnover
markers are not feasible for OI. DXA measure-
ment might be a helpful tool for therapy moni-
toring. However, the DXA method has its limi-
tations, especially in patients with OI. The HR-
pQCT could be a helpful means in the evaluation
of bone structure and quality.

Cyclic bisphosphonate therapy in OI treatment
was firstly introduced in the late 1980’s. Numerous
studies showed the positive effects of intravenous
bisphosphonates on BMD, especially pamidronate
and zoledronate acid. However, data on fracture risk
and pain reduction are inconsistent. Oral bisphos-
phonate do not have significance in OI treatment. In
future, osteoanabolic drugs, such as TPTD, scleros-
tin antibody and perhaps MSC could play a mayor
role in the treatment of OI.
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QisioTepanin
i opronegunuHa xipypris

PaHHi Ta nmocTiiiHi peabiniTauiiiHi 3aX0I1 € OCHOBOIO IS
MakcuMaJIbHOI Qi3MuHOIT akTUBHOCTI XxBopux i3 HO [49, 50].
®dizioTepalriss MOBMHHA IMOYMHATUCS B PAHHBOMY TUTUHCTBI
Yy BUTAQAKY HAUTSKYUX TUITIB, TIPU3HAYAIOTh aepOOHi 3aHSIT-
TSI, BIIPaBU, 11O CIPUSIOTh 3MIillHEHHIO M’S13iB, BUKOPUCTO-
BYIOTH IIPOTEKTOPU IIpU MepecyBaHHi. BrpaBu mist 30i1b-
IIEHHS M’SI30BO1 CMJIM, 30KpeMa i30TOHIUHi Ta aHTUTrpaBiTa-
LiliHi, aepOOHi 3aHSITTSI, BUKOHYIOTh MiX OpPTOINEAMYHUMU
BTpy4YaHHsIMM. Takox cJig 3a0XouyyBaTu Malli€HTIiB IJIaBaTU
B OaceliHi.

MeTol OopTOMEeAMYHUX BTPydyaHb € KOpeKilist aedhopma-
i1, 110 BUHUKAOTh MPU X0Ab0i, i 3amobiraHHs MOBTOPHUM
nepesiomaMm. KjracuayHo BUKOPUCTOBYIOThH OCTEOTOMIIO 3 iH-
TpaMmenyiasapHomw (ikcauieto ctpuxkHeMm. Ha cboromHi Buko-
PUCTOBYIOTh KOHCTPYKIIii i3 3aCTOCYBAHHSIM TEJIECKOIIIYHUX
«poctyuux» (Bailey — Dubow a6o Fassier — Duval) [51] i
«HepocTyuux» cTpuxHiB (Rush). BaxiauBum 3acTepekeH-
HSM IpU BUOOpPi CTPUKHS € T€, 110 BiH MMOBUHEH OyTU Hali-
MEHIIOTO IiaMeTpa, 00 YHUKHYTHU aTpodii KOPTUKAJIbHO-
ro uiapy.

Kopexiiito BropruHHMX 3axBoproBaHb 1ipu HO, 30kpema BTpa-
TH CyXy, 0a3uyIsipHOi iHBariHallil, TPOBOISATH Y CIIelliali3oBa-
HUX 3aKJIa/1ax 3TiTHO 3 pO3POOJICHNMHU CTieliali30BAaHUMU KOOP-
MTMHOBAaHUMU TTPOTpaMaMHU.

BucHOBKM

HenockoHanuii ocreoreHe3 € TeHETUYHUM 3aXBOPIOBAHHSIM
CTIOJIYYHOI TKAHWHMU, 1110 XapaKTEPU3YETHCS KPUXKICTIO KiCTOK
Ta TMiJABUILIEHUM PU3UKOM TIEpPesIOMiB Bif JeTkoi TpaBmu. Hemy-
ra BUKJIMKaHa TIepBUHHUM Oe(eKTOM KoyareHy | Tury abo 6in-
KiB, SIKi B3a€EMOZIIOTH i3 KojlareHoM nepinoro I tumy. Kiiniuna
KapTHHA 3aXBOPIOBaHHS € HaA3BUYAllHO Pi3HOMAHITHOIO, ITOYM-
HalOUM Bill CMEPTEIbHUX BUMAAKIB y MepUHATAILHOMY Iepiofi
JI0 JIETKUX ITPOsIBiB, HAIIPUKJIAZ, IEKIIBKOX nepesaoMiB. Ha cbo-
roaHi 6inbuie 1500 nominytounx mytauiit BugiieHo B COLIAT i
COLI1A2 [4]. Ha nanuii yac kinacudikallisi HaJiuye oqUuHaALSATD
tunis HO.

Hiarno3 HO rpyHTY€eThCS1 HAa OCHOBI KJTiHIYHMX Ta peHTreHorpadiv-
HUX JAHUX, Pe3YJ/ILTATiB KOJareHCITeM(MIYHIX OiOXiMIYHMX TECTIiB Ta
cexkBenyBaHHsI JIHK. CrioctepekeHHs1 3a mepeGiroM XBopoOu IpoBO-
JIATHCS 3a JOITOMOTOIO PAIiOIONIYHMX METOIIB. 3aCTOCYBaHHS MapKe-
PiB peMoJIe/ItOBaHHsI KiCTKOBOI TKAHUHM € HEAOLUTEHIM IS MOHITO-
punry niepediry HO. /IBohoTOHHA peHTreHiBChbKa AEHCUTOMETPIsI MO-
>Ke OYTY KOPHMCHUM iHCTPYMEHTOM TSI MOHITOPMHIY Tepallii, IpoTe
BOHA Ma€ CBOI 0OMeXeHHsI, 0co0mBo y xBopux i3 HO. Bucokopos-
ninbHa riepudepraHa komi rorepHa Tomorpacdist (HR-pQCT) moxke
OYTH BaXKJTMBUM 3aCO0OM ITPH OLIHIII CTPYKTYPH Ta SIKOCTI KiCTKH.

Kypcosa Tepamnist Gicochonaramu B jikyBanHi HO Oyna
Briepiie mpenacrasiaeHa B KiHii 1980-x pokis. UucneHHi mpocii-
JKEHHSI TOKa3aIu MO3UTUBHUI e(eKT Bil BHYTPIIIHbOBEHHUX
iH(Dy3iii 6icochonaramu Ha ctaH MILIKT, ocobamBo mamiapo-
HOBOI Ta 30JIeAPOHOBOI KMCJIOTU. TUM HEe MEHIIe iX BIUIMB Ha
PU3MK MepeoMiB i 3MeHIeHHs 00110 cynepewinsi. [lepopanbHi
6icchocdhoHaty He MalOTh MO3UTUBHOTO BIIMBY BJliKyBaHHi HO.
Y maiibyTHbOMY aHaOoJiyHa Teparisi, 30KpeMa TepUIlapaTuT,
aHTUTIJIAa 10 CKJIIEPOCTUHY Ta, MOXJINBO, TpaHcIuiaHTauis MCK,
MOXe BilirpaT¥ BaXJIMBY POJib Y JIiKyBaHHi XxBopux i3 HO.

MNepeknanm: H.I. BANALIBKA, P.B. TOBOPOS3HKOK
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