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Background. Osteogenesis imperfecta (OI), also
known as brittle bone disease, is a genetic disorder of
connective tissue characterized by fragile bones and
a susceptibility to fracture from mild trauma. The
clinical range of this condition is extremely broad,
ranging from lethal cases in the perinatal period to
cases that may be difficult to detect in later life and
can pretend early osteoporosis. Patients with Ol may
have growth deficiency, wormian bones, scoliosis
and extraskelatal manifestations such as defective
tooth formation (dentinogenesis imperfecta), hearing
loss, macrocephaly, 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
pattern. 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 OI is caused by quantitiative
defects in type I collagen (3). Individuals with type
I OI synthesize a reduced amount of structurally
normal type I collagen because of a null COL1A1
allele, with a relative increase in the COL2/COL1
ratio (3).

The moderate and severe types of autosomal
dominant OI are caused by structural defects in one

of the two chains encoding for the type I collagen
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Beryn. Henockonammit ocreorenes (HO), a6o
XBOp00a KPUXKUX KICTOK, € TCHCTHYHUM 3aXBOPIO-
BaHHSIM CITOJYYHOI TKAHUHH, SIKE XapaKTePH3YETHCS
KPHUXKICTIO KICTOK Ta MiJBUIIEHUM PH3HMKOM IIepe-
JIOMIB BiJT Jierkoi TpaBmu. KiHIYHMIA criekTp JaHoi
HEIYTH € HAaA3BUUAHO IMIMPOKHUM, TOYHHAIOYH BiJ
CMEpTEeNbHUX BUNAJKIB y IEPHHATATIBLHOMY Hepioi,
JI0O CHMIITOMIB, SIKi Jy»€ Ba)KKO BUSIBUTH B OLIBII
MI3HBOMY BIiIll, OCKIJIbKH 3aXBOPIOBAHHS MOXE
nepediraTy miJy Mackol PaHHBOTO OCTEOINOPO3Y.
[Mamientn 3 HO MOXyTh MaTH 3aTpUMKY B 3poOcC-
Ti, BOpMi€eBi KicTkH (ossa Wormiana), Ckoiio3 Ta
SKCTpACKENETHI TPOSBU, TaKi SK HEIOCKOHAIUN
nentuHoreHe3 (dentinogenesis imperfecta), BTpary
cityXy, Makpouedairo, O1aKUTHI CKlepy, OOYKOMO-
JiOHY nedopmMarliiro rpyJaHOi KIITKH, TinepMoOiib-
HiCcTh cyro0iB [1].

brmspko 85-90% manientiB 3 HO maroTh mopy-
nIeHHs Oy/I0BM KoJareHy | THITy, OCHOBHOTO CTpPYK-
TYPHOTO KOMIIOHEHTA IO3AKIITHHHOTO MAaTPHKCY
KICTKH, IIKIPH Ta CyXOXKHJIKIB, SIKE 00yMOBJICHE MY-
TallisMU, [0 TEPEAAOTHCS ayTOCOMHO-IOMIHAHT-
HUM TUNOM ycrnaakyBaHHsa. Y 1979 poni Cinenc
omnucaB Kjlacu4yHy KiiHiuHYy KaptuHy HO [2]. Bin
posainue HO Ha 4woTupu THIH, SIKi TPYHTYBAJIHCS
Ha KTIHIYHUX Ta PEHTTCHOJIOTIYHIX 0COOINBOCTSIX.
[TocTynoBo MoneKysipHi Ta G107I0T1UHI IO CIIHKEH-
H# moKaszaiu, 1o jerka popma HO I tuny 3a Cinen-
COM BUKJIMKaHa KIJIbKICHUMH Jie(DeKTaMu KoJlareHy
[ tuny [3]. ¥V xBopux i3 I Tumom HO cunHTE3y€ETHCS
MEHIIA KUTBKICTh HOPMAJIEHOTO 32 CTPYKTYPOIO KO-
nareny [ tumy, mo mos’s3ano i3 Null COL1A1 anen-
JII0O Ta BIOHOCHHUM 30LIBIIECHHSAM CIIIBBIIHOIIECHHS
COL2/COL1 [3].

ITomipni Ta TspKKI popmu HO, ski ycmagkoBy-
I0TBCS 32 2y TOCOMHO-IOMiHAHTHUM THITOM, 0OyMOB-
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heterotrimer (4). In types I, IIl and IV a mixture
of normal collagen and collagen with a structural
defect is synthesized.

Developments in recent years have shown the
genetic background of relatively rare recessive Ol
(5). Autosomal recessive Ol is caused by defects
in proteins of the prolyl-3-hydroxylation (P3H1)
complex, CRTAP (6, 7), LEPRE1 and PPIB or
helical folding (FKBP10, SERPINHI1) (4). About
5% of OI cases are not caused by defects in either,
type I collagen or the P3H1 complex.

Clinical Characteristics and Types of OI

Because the types of Ol vary widely in symptoms,
clinical appearance and in their onset, the diagnosis
varies with the age of the individuals. A positive
family history is usually not present, because
appearance of classical Ol 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 fibroblast growth factor receptor-3),
campomelic dysplasia (mutations in or near the SOX9
gene), and achondrogenesis type I (type 1A etiology
is unknown, type 1B is caused by mutations in the
SLC26A2 gene). The key diagnostic element for Ol
is the generalized nature of the connective tissue
defect with facial features (flat midface, triangular
shape, blue sclerae, yellowish or opalescent teeth),
relative macrocephaly, thoracic 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 distinguished four types. The Sillence types
have autosomal dominant inheritance. Although,
laboratory practice has subsequently developed, the
classification 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
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JIeH1 CTPYKTYpHUMH Jie(heKTaMH B OJHOMY i3 JIBOX
nanmroriB konareny | tumy [4]. [pwu 11, 1T Ta IV tu-
nax HO cuHTe3yeThcs HOpMaJIbHUI KOJareH Ta Ko-
JIareH 31 CTPYKTYPHUMH Je(eKTaMu.

JocnikeHHs, MPOBEACHHI 3a OCTaHHI POKH,
BCTAHOBMJIM TEHETHYHE IJIIPYHTS CTOCOBHO PiJl-
kicHux penecusHux ¢opm HO [5]. HO 3 ayro-
COMHO-PEIIECHBHAM IIIISIXOM yCIAJKyBaHHS, 3y-
MOBIIEHUH Je(PEeKTOM OUIKIB KOMILIEKCY MpOii-3-
rigzpokcunazu-1 (P3H1), CRTAP [6, 7], LEPREI i
PPIB a6o myramuii renis FKBP10, SERPINHI1 [4].
bmmseko 5% Bumaakis HO He moB’sa3aHi 3 KOTHAM
nedexroM konareny I tumy un xommnexcy P3HI.

Kuainiuna xapakrepucruka ta Tunu HO

Ockinbku pizHi THIH HO MaroTh pi3sHOMaHITHY
CUMIITOMATHKY, KJIIHIYHI TIPOSIBH BiJIPI3HSIIOTHCS 32
gacoM MaHiecranii, ToMy TepMiH BCTAHOBJICHHS
Jliarao3y OyJie TaKoK pi3HUM. Y OUIBIIOCTI JITEH 13
knacuyHUM nepedirom HO HeoOTskeHuit ciMeiHmiz
aHaMHe3, 3yMOBIICHHI MO3ailli3MOM XBOPOOH B iX
OarbkiB [8].

[IpenartanpHo TsoKKI THM HO Baxkko BiApI3HU-
TH BiA TaHaTto(hopMHOI aucIasii (MiceHC MyTamis
perenitopa ¢aktopa pocty (idpodnactis-3), Kamro-
MeniuHoi nucnnasii (myrtamig rera SOX9) Ta axoH-
nporenesy I tumy (tum 1A — erioyioris HEBiJOMa,
tun 1B o6ymosnennit myranismu B redi SLC26A2).
KirogoBum miarHoctrmaanM mMomeHTOM HO € y3a-
TaJIbHEHHS XapakTepy Ae(EeKTiB CIOTY4YHO! TKAaHH-
HH, SIKI MOXKYTh OyTH B PI3HOMaHITHHX KOMOITHAIIISIX,
30KpeMa, BaJu 00Iudus (depern Mae TPUKYTHY Gop-
My a0o0 CITIONICHUH, OTAKUTHI CKIICPH, )KOBTYBATHH
abo omanoBuii komip 3y0iB), Makpouedaris, nepop-
Mallisi TpyIHoi KITKH (004ykomnomaioHa abo BOPOHKO-
nozaioHa), TinepMoOITBHICTE CYT100iB, MOpGOIOTid-
HI 3MiHH XpeOIliB, 3aTpUMKa 3pOCTy. SIKIIO JiarHo3
BCE III€ 3QJIUIIAETHCS 11T CyMHIBOM, O10XiMIi4YHi Tec-
TH KonareHy ta gocmimpkerns JJHK moxyTs Hamatn
KOpHCHY iH(popManio Ipo HasiBHICTh MyTAIlii.

3rigHo 3anpornoHoBaHoi CiieHCOM Kiacudikarii
[2], sxa rpyHTyeThCSI Ha OCHOBI KIIHIYHHX Ta
PEHTTCHOJIOTTYHHMX KpHUTEPIiB, PO3PI3HSIOThH
YOTHPH TUIH HeIyrH. Bci BOHU MarOTh ayTOCOMHO-
IOMIHAHTHAH THI YCHAAKyBaHHSI. XO4 3TOIOM
nabopaTopHi JOCTiKSHHS BJIOCKOHAIMIIUCS, POTE
3aIpONOHOBAaHA KIACH(DIKAIisl BHKOPHCTOBYETHCS
M0 ChOTONHINIHIA JeHb. HemaBHO Oyiio gomaHo
HOBi T HO 3 V mo XI, siki MaroTh ayTOCOMHO-
periecuBHUN THIT ycriaKyBaHHs [4] (Tabum. 1). Bonn
XapaKTEPU3YOThCS THITUMH KPUTEPISIMU, HIXK THITH
[-IV (OMIM (menuuna 6a3a naHuUX, B sIKid 30upa-
€ThCsl iH(OpMAIIist PO BiZIOMI 3aXBOPIOBAHHS 3 Te-
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Tabl. 1. Nosology of OI (modified from Forlino et al., 2012 (4))

OI Type Inheritance Phenotype Gene Defect
1 AD Mild Null COL1A1 allele
Original Sillence 11 AD Lethal COL71A1/COL1A2
Classification il AD Progressive deforming COL1A1/COL1A2
v AD Moderate COL1A1/COL1A2
Unknown \Y AR Distinctive histology Unknown
etiology VI AR? Mineralization defect Unknown
. VII AR Severe - lethal CRTAP
?e'gsydmxylam“ de- VIII AR Severe - lethal LEPREI (P3H1)
IX AR Moderate - severe PPIB (CyPB)
Chaperone X AR Severe - lethal SERPINH1 (HSP47)
defects XI AR Progressive deforming FKBP10 (FKBP65)
Ta6auus 1. Knacudikagis HO (8 mogudikauii A. @opaino Ta cuisasr., 2012 [4])
Tun HO YenaakyBaHHS DeHoTun Jlebexr renis
I AD Jlerkuit Null COL1A1 anens
Knacudikauis HO 11 AD JleranbHuii COL71A1/COL1A2
3a Cinencom 111 AD [porpecyrounii, epopmyrounit COL1A1/COL1A2
v AD CepenHboi TSHKKOCTI COLIA1/COL1A2
Eriomnoris \Y AR HeoOxigHe ricTosoriyae 10 CiiIKeHHs Hesinomuii
HEBiOMA VI AR? Jedexr minepamizamii Hesinomuii
VII AR Tsoxkuil — neranpHui CRTAP
HAedexr VIII AR TAOKKHI — MeTanbHuil LEPRE! (P3H1)
3-rigpoxcusanii — - —
1X AR CepenHboi TSHKKOCTI, TSUKKUAN PPIB (CyPB)
Jedextn X AR TsKKUM — neTanbHUN SERPINH1 (HSP47)
OiNIKiB-IIATIEPOHIB XI AR [Iporpecyrounii, neopmyrounit FKBP10 (FKBP65)

defined by different criteria than types I-IV (OMIM
166200, 166210, 259420, 166220). Clinical, the
recessive forms of Ol overlap with types I and III OI
but have the distinction of white sclerae (6, 9).

Ol 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
often bruise easily. They may have hearing loss
or joint hyperextensibility. Growth reduction and
deformities 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 lethality,
however, survival to one year or more has been
noted. These individuals are often born prematurely
and are small for gestational age. Legs are usually
held in the frog leg position with hips abducted and
knees flexed. In X-rays long bones are extremely
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HETHMYHUM KoMIloHeHTOM) 166200, 166210, 259420,
166220). Kuniniuno penecuBni ¢opmu HO momi-
6ni 10 HO Tuny I ta III, npore Ha BiqMiHy BiJ] HUX
MaIieHTH MaroTh 011l ckiiepH [6, 9].

I mun HO € nHaiinermor GpopMoro 3aXBOPIOBaH-
Hs. [lepenoMu BUHUKAIOTh TOCTHATAILHO Ta 3a3BU-
Yail YacToTa TEepesoMiB 3HIXKYEThCS ab0 HaBITh
MIPUITUHSAETBCS MICHSI MEePioAy CTaTeBOro JI03piBaH-
Hs1. Pusuk nepenomis mpu HO I Tuimy 3pocrae micis
HACTaHHS MEHOIAy3H B XKIHOK Ta micist 60-piuHoro
BiKy B 4onoBikiB [10].

ITamientyn 13 I Tumom HO MaroTs OakuTHI CKIIe-
pH, TJBHINCHY CXHJIBHICTBH JIO KPOBOBWIIMBIB (3a
MeTeXeabHO-IUIMACTHM TUIIOM). MOXKe peecTpy-
BaTHCS 3HWKCHHS CIIyXy a0o0 rinepMoOUIbHUI CHH-
npom. CrioctepiraeTbcsi He3HaYHa 3aTPUMKa 3pOCTY
Ta Jerki Jedopmanii 10Brux Tpyoduactux kicrok. Ha
MiZICTaBi HAsIBHOCTI a00 BiZICyTHOCTI HEIOCKOHAJIO-
T0 JIGHTUHOTeHe3y BUIUIsIFOTh HO minTumnu A 1 B.

HO I muny cynpoBOmKYETHCS Ty’K€ BHUCOKOIO
MICPUHATAIFHOI0 CMEPTHICTIO, BUTIAIKH BIKUBAHHS
10 POKY Ta JIOBIIIE HE peecTpyBauCs. Taki iTi gac-
TO HApPOPKYIOTbCS HEJOHOIIEHUMH Ta HE BIAMOBi-
JIal0Th CBOEMY TrecTalliifHoMy Biky. HibkHI KiHIIBKH
3HAXOMATHCS B TIOJIOKEHHI )Ka0KH: 13 3IrHYTUMH KiH-
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osteoporotic, with in-utero fractures and abnormal
modeling. The skull is severely undermineralized
with wide-open fontanels. The sclerae are blue-gray.
Bones are composed predominantly of woven bone

without haversian canals or organized lamellae.

Ol Type Il is known as the progressive
deforming type. Most individuals with type III
Ol survive childhood with severe bone dysplasia.
The presentation at birth may be similar to mild
type II OI spectrum. They have extremely fragile
bones and sustain up to hundreds of fractures over
a lifetime. The long bones are easily deformed
from normal muscle tension, and subsequently
fractures occur. These individuals have extreme
growth deficiency. Almost all type III cases develop
scoliosis. Radiographically, bone abnormalities
such as a flaring of the metaphyses and “popcorn”
formation at growth plates are seen in addition to
osteoporosis. The individuals require intensive
physical rehabilitation and orthopedic care. Many of
them are bounded to wheelchairs.

Ol Typ IV is the moderately severe Sillence
form. The diagnosis may be made at birth or
delayed until school ages. Scleral hue is variable.
These children often have several fractures a year
and bowing of their long bones. Again, fractures
decrease or even stop after puberty. Essentially, all
type IV individuals have short final stature, which
is often in the range of pubertal children. Many of
these children are responsive to growth hormone by
significant additional height. X-rays of the bones
show osteoporosis and mild modeling abnormalities.
Many develop vertebral compressions and scoliosis.
With consistent rehabilitation and orthopedic
management, these individuals should be able to
attain independent mobility (fig. 1).

For Type V-XI the Sillence numeration has been
continued, but they are based on different criteria
than the Sillence 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 clinical/radiographic

signs and have an unknown etiology.
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I[IBKaMH B KOJIIHHUX CYIJ100aX Ta BiJIBEICHUMU CTET-
Hamu. Ha peHTreHorpamax IOBTi TpyOUacTi KiCTKH
MAIOTh BHPaXKXCHUI OCTEOIOPO3, 03HAKH BHYTPIIII-
HBOYTPOOHO TNEPEHECEHUX IMEPEIOMiB Ta aHOMAJIb-
HOTO MOJIeITIOBaHHs. Ueper i3 BUPaKCHOIO CIIOBiIb-
HEHOI MIHEpaTi3alli€lo Ta IMUPOKUMH TiM’ sTUKaMU.
Cxutepu cipo-roiy6i. Kictku ckinamaroTbest B OCHO-
BHOMY 3 KICTKOBOT TKaHWHHU 0€3 TaBEpPCOBUX KaHa-
7iB a00 3 0e37alHUM PO3TAIYBAHHSM TUIACTHHOK.

HO Il muny Binomuii sik mporpecyrouunit nedop-
MyHO4Hi BapiaHT. binbmicts xBopux 13 Il THIOM
HO y nutuHCTBI Manu TSOKKY GopMy ancmasii Kic-
Tok. KimiHiYHA KapTWHA 3aXBOPIOBAHHS IPH HApO-
JOKEHHI MOXe OyTH CXOXKOI0 Ha Jierkuil Bapiant HO
I Tuny. BoHn MaroTh HaJI3BUYAHO KPUXKI KICTKH
Ta PEECTPYIOTH JIO COTHI TIEPEJIOMIB ITPOTITOM BChO-
ro )uTTA. JloBri TpyOuacTi KicTKH Jerko nedop-
MYIOTBCSI BiJf HOPMAJILHOTO HANpy>KCHHS M SI31B Ta
BHACJIIJIOK TMepeHeceHux mepenomiB. i mromu ma-
I0Th BUPaXXEHY 3aTPHMKY 3pocTy. Maiike B ycix ma-
nienTis i3 HO III Tumy po3BuBa€eThCst CKomio3. PeHT-
TEHOJIOTIYHO — IUPOKi MeTadi3y, HamapyBaHHs 3a
TUIIOM «IIOTIKOPHY» B 30HaX POCTY Ha JOJATOK 0
ocTeornoposy. XBopi MoTpedyroTh IHTCHCUBHOI (i-
3uYHOi peadiiiTamii Ta OPTOMEIUYHOI JOTTOMOTH.
barato XT0 3 HUX NPUKYTHI 10 IHBAJIIAHOTO Bi3Ka.

HO 1V muny € nomipso Tsoxkoro popmoro 3a Ci-
neHcoM. JliarHo3 MOXKHa BCTAHOBUTH IPH HApO-
JUKEeHH1 a00 B Tiepiof MKUIBHOTO BiKy. Komip ckiep
Moxke Oytu pizamM. Lli aiTH 4acTo MarTh JEKijb-
Ka TIepesIoMiB Ha PiK Ta BUKPUBJICHHS JOBIHX TPYyO-
9gacTHX KicTok. YacToTa mepenomMiB MOXKe 3MEHIITY-
BaTHCs a00 HaBITh NMPUITMHUATHCS MICHs MyOepTar-
HOTO Tepiony. 3aranom, yci nauieHTu i3 IV Tunom
HO MaroTh HU3BKUH OCTATOYHUH 3PICT, IKUH 9acTo
3HAXOAUTHCA B [iaNa3oHi 3pocTy AiTeil mybepTaTHO-
ro BiKy. bararo XTo i3 1uX maiieHTIB pearye Ha Te-
parito FOpPMOHOM POCTY Ta MOXKE 3HAYHO ITiAPOCTH.
[Tpu penTreHorpadii KicTOK peeCTpYETHCSI OCTEOTIO-
P03 Ta JIeTKi NOPYIICHHS MOJIeNIIOBaHHs. bararo ma-
IIIEHTIB MArOTh BepTeOpabHI KOMIIPECiiHI niepero-
MU Ta CKOJII03. 3aBJISIKM MOCTIiWHIW peadimiTarii Ta
OPTOTIENNYHINM KOPEKIIiT 11l XBOP1 MOXYTh TepecyBa-
THCs 0€3 CTOPOHHBOI AoToMorH (puc. 1).

V-XI tumn HO € mponosxeHHsIM Kiacupikarii
Cinenca, IpoTe BOHH IPYHTYIOTHCS HA 1HIIHX KPH-
Tepisix, Hik Tunu CineHca. KiiHIYHO BOHW Harafiy-
10Th coboro denorunn HO IV tumy. HO V (OMIM
%610967) ta HO VI tunis (OMIM %510968) Bu-
PI3HSIOTHCS TICTOJIOTIYHUMHU Ta KIIHIKO-PEHTTEHO-
JIOTIYHUMHU O3HAKaMH Ta MarOTh HEBIIOMY ETiOJo-
rifo.

“IIpo6remu octeonorii”
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Fig. 1. DXA body scan of a 38-year old man with OI type
IV: short stature, scoliosis, moderate deforming bones of
the lower extremity.

Puc. 1. JIBox¢goTOHHA peHTreHiBCbKa [1€HCUTOMETPist

BCbOro ckejera 38-piunoro wousioBika 3 HO IV Tumy:

HHU3bKOPOCJIiCTh, CKO0Ji03, MoMipHi aedopmanii KicTok
HHUKHBOI KiHIIBKH.

OI Typ V Ol is associated with radiographical
dense band adjacent to the growth plate of long
bones. Patients with OI V develop hypertrophic
callus formation at the sites of fractures or surgical
procedures. They show calcification of the
membrane between the radius and ulna, leading to
restricted 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.
OI VI is characterized by an increased amount
of non-mineralized osteoid with a relatively late
onset of fractures. 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).

Ol Type VII is caused by defects in cartilage-
associated protein (CRTAP) (6, 7, 14). These
individuals have rhizomelia and a moderate bone
disease, associated with a hypomorphic mutation in
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HO V muny niarHOCTyeTbCS TNPU HasBHOC-
Ti HIJIBHOT CMY)XKH TOpPY4Y i3 30HOIO POCTY JO-
BIUX TPyO4acTHX KicTok. Y mamieHTiB i3 HO V
TUIY (QOpMYEThCS TiMepIUTacCTHYHA KiCTKOBAa MO30-
JIs1 B MICIISX TIEPESIOMiB a00 XipypriyHUX ONepaTHB-
HUX BTPy4YaHb. Y HUX PEECTPYEThCS KabIU]iKaIis
MIXKKICTKOBOi MEMOpaHHu MiXXK IPOMEHEBOIO Ta JiK-
THOBOKO KiCTKamH, II0 MPU3BOAUTH J0 OOMEKEHHS
porartii. [lamieHTH MarOTh OLTI CKIIEpH Ta HE MAIOTh
MOpYLIEHHS AeHTUHorenesy [11].

Hiaruo3z HO VI muny Mo)XxHa BCTAHOBUTH JIHIIIE
Ha TKAaHWHHOMY piBHI mpu Oiorcii kictkm [12].
[Tig MiKpOCKOTIOM IUIACTHHKH HAaragylTh «IYCKY
pubu». HO VI Tumy xapakrepusyeThes MiABHIIC-
HOKO KIJIbKICTIO HEMiHEpalli3oBaHOTO ocreoina. Y
XBOPHX BIHOCHO Ti3HO MOYHMHAIOTH PEECTPYBATH-
cst mepesioMu. 3yOu Ta CKIIepU MaroTh HOPMaIbHUH
PO3BHUTOK. 3MiHHU CKeJIeTa Bi/IMOBIIAI0TH CEPEIHBO-
My Ta TsOHKKOMY crynento [12]. Jlumie namieHTH i3
HO VI tumy maroTh HeaJieKBaTHY BiJIIOBi/lb Ha Te-
pamito 6icochonaramu [13].

Possutok HO VII muny 3ymoBieHui# g1eeKkToM
xpsni-acoriioBanoro Oinka (CRTAP) [6, 7, 14].
Li mauieHTH MalOTh Pi3OMENil0 Ta MOMIpHI 3MIHH
3 OOKy KICTOK, MOB’SI3aHI 3 MYyTAIli€l0 TimomMopd-
Hux mytamniii CRTAP. loBeaeno, mo Null myrarii
B CRTAP Bukmmkarots sietansHi popmu HO. XBopi
13 3a3Ha4eHUM THIIOM HO MaroTh 61111 CKitepH, pizo-
MEJII0 i Malluii Yeperr.

HO VIII muny suxknukanuii nedpexramu B P3H1
(xonyetrbes LEPREN). ®enotunoso HO VII ta VIII
€ nyxke cxokumu. Null myranii 8 LEPRE1 Bukiu-
KaroTh (eHorut, sikuil Haraaye HO II ta 111 Tumy,
MIPOTE BHUPI3HAETHCS TICBHUMH OCOOIHBOCTSIMH, 30-
KpeMa, XBOpi MarTh Oii CKIEpH, Tyxke (EKCTpH-
MaJIbHO) HU3BKUH 3pICT Ta He3aBepLICHY MiHepalli-
3arito [9].

HO X muny BuHUKa€e BHACTIIOK nedeKTy reHa
PPIB (CyPB), mepe0Gir XBopoOH cepeIHbOrO Ta

TSDKKOTO CTYTEHS TSKKOCTI [4].
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CRTAP. Null mutations in CRTAP have been shown
to cause a lethal form of OI, with white sclerae,
rhizomelia and a small to normal cranium.

Ol Type VIII is caused by defects in P3HI
(encoded by LEPRE1). There is considerable
overlap in the phenotypes of OI VII and VIII. Null
mutations in LEPREI result in a phenotype that
overlaps types II and I1I OI, but has distinct features
like white slerae, extreme growth deficiency, and
undermineralization (9).

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

Ol Type X is associated with SERPINHI
missense mutations (collagen chaperone HSP47).
The only child reported with HSP47 deficiency
had a severe OI phenotype, including blue sclerae,
dentinogenosis imperfecta, transient skin bullae,
pyloric stenosis and renal stones (4).

Ol Type XI is caused by FKBP10 frameshift
mutations. Patients have deforming Ol 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 Defects
have been added as unclassified Ol-like or collagen-
based disorders to the OI classification system.

Radiologic Findings

Long bones have thin cortical bone and a gracile
appearance. In moderately to severely affected
patients, long bones have bowing and modeling
deformities, including cylindrical configuration from
an apparent lack of modeling, metaphyseal flaring,
and “popcorn” appearance at the metaphyses (15).
Longbones of the upper extremity are often seen with
milder deformities than those of the lower extremity,
even without weight bearing. Vertebrae often have
central compressions even in mild type I OI. These
often appear first at the T,-L, level, consistent with
weightbearing stress. In moderate to severe Ol,
vertebrae show central and anterior compressions
and may appear compressed throughout. The
compressions are generally consistent with the
patient’s L;-L, DXA Z-score but do not correlate
in a straightforward manner with scoliosis. In the
lateral view of the spine it is difficult to assess the
asymmetry of vertebral collapse, which, along with
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HO X muny acouito€eTbcst 3 MiCEHC MyTAali€r0
SERPINHI1 (xomaren-3B’si3ytodoro Oinka HSP47).
Jluie ogHa AWTHHA i3 BCTAHOBICHHM JeilIUTOM
HSP47 dpenorunoso mana 1sokky dpopmy HO, y Hel
criocTepiraiucss OJaKUTHI CKJICPH, HEIOCKOHAIHH
JNCHTUHOTEHE3, MIrPpyIoYi MMyXupi Ha MIKipi, CTCHO3
MiJOPUYHOTO BiAAUTY HUTyHKA, CEYOKaM siHa XBO-
po0a [4].

HO X/ muny BUKIMKaHUH MyTalli€l0 TeHa
FKBP10. ITamientn maroTh AegopMyroduii Bapi-
anT HO, y HUX cIOCTepiratoThCs MepeIoMH JJOBTUX
TPyOUYaCTHX KiCTOK, CIIAOKICTh 3B’S3KOBOTO amapa-
Ty, CKOJi03. 3yOM Ta CKIIepH MalOTh HOPMAaJIbHHN
pO3BUTOK [4].

3a ocTaHHI POKW BUAUICHO IPYTHH THIT CHH-
npomy bpyka (Bruck-Syndrome), xBopoOy Kaddi
(Caffey) Ta cungpom nedekrtiB 103piBaHHS OCTEO-
OnactiB. Ha choroiHi BOHM BHECEHI SIK HEeKJacui-
koBaHi HO-moniOH1 3axBOprOBaHHST a00 KOJIareHo-
narii, K1 BIAHOCATH J0 Tpymnu 3axBoproBanb HO.

PenTrenosioriuni MeToau X0CaiIKeHHS

JloBri TpyO4acTi KiCTKH MarOTh TOHKHH KOPTH-
kanbHui wap. Ilpu cepenHboMy Ta TsSXKKOMY Iie-
pebiry 3aXBOpPIOBaHHS JIOBri TPyO4acTi KiCTKH BH-
TMHAIOTHCSl Ta BUKIIMKAIOTH Jaedopmaliii, 30kpema,
MWTIHIPUYIHOT POPMHU BHACIIIOK CIIOBITbHEHHS MO-
JICITIOBaHHS, PO3IIMPEeHHsT MeTadi3iB, MOSIBU Halla-
pyBaHb 3a THIIOM «IOMKOpHY» B MeTradizax [15].
JIOBri KICTKM BEpXHiX KiHI[IBOK MalOTh JICTIIi Jie-
(dopmaliii MOPIBHAHO 31 3MIHAMHU B HIKHIX KIHIIB-
KaxX, HaBiTh SKIIO BOHM HE BHKOHYIOTH OITOPHOI
¢yHkii. YacTo marieHTH MarTh IEHTPaJbHI Ta
KJIMHOTIOAIOHI KOMIpeECiiiHi mepesoMi HaBiTh IpU
nerkomy miepediry HO I tumy. [lepemomu Breprie
HaiiuacTime peecTpyrothes Ha piBHi Thy,-L,. Tlpu
CepeHbOMY 9H TSDKKOMY Iepediry HO BHABIAIOTH
IEHTPAJIbHI KOMIPECiiiHI Ta KIMHOMOAIOHI mepero-
MU, SIKi MOKYTh BUHUKATH TIPOTSITOM YCHOTO YKUTTS.
Cryniap kKoMmmpecii y3romKyeTbes 3 MOKa3HHKAMHU
Z-xpurepiro 1BoX(HOTOHHOT pEHTTeHIBChKOT aOcOopO-
miomerpii (DXA) momepekoBoro Bigainy xpedra
(L,-L,), mpote He KOpenroe NpsMO NPOMOPILIHHO 3i
cTyrneHeM ckonio3y. [1pu narepansHOMY 1O CIIKEH-
HI XpeOTa JIy’Ke TSDKKO OIIHUTH aCHUMETPil0 BUCOTH
TiN XpeOILiB BHACTIIOK CIA0KOCTI MapaciiHaIbHUX
3B’5130K, II0 3YMOBITIOE PO3BUTOK CcKomio3y mpu HO.

“IIpo6remu octeonorii”
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paraspinal 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 impression 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 osteoporosis and abnormal long bone
modeling, leading 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 after a fracture and is lightly elevated
in type VI (12). Acid phosphatase is elevated in
type VIII OI and can logically be expected to be
elevated in type VII. Hormones of the growth axis
usually have normal levels (19). PINP levels are
decreased due to pathophysiology of disease (20).
Lower levels were found for OI I in comparison
to OI III or OI 1V due to the reduced amount of
collagen (21). Serum-CTX levels are usually 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. Trabecular
number and width are decreased. Bone remodeling
is increased, as are osteoblast’s and osteoclast’s
surfaces (23). Under polarized light, the lamellae
of OI bone are thinner and less smooth than in
controls. Mineral apposition rate is normal, crystal
disorganization may constribute to bone weakness.
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V nauienTiB i3 HO cnoctepiraiotscsi pi3HOMaHITHI
3MIHH 4Yeperna, siIKi MOXXyTh OyTH Pi3HOTO CTYIICHS
TSKKOCTI, IPOT€ BOHU HE HOCATH TUIIOBOTO TiJIBKU
st HO xapakrepy. [NarmienTn i3 11 ta IV Tummom HO
TaKOX MOXXYTb MaTu IaTuOa3ito (3MilleHHs J0To-
PM JTHA 33]IHBOT YEePEITHOT IMKH ), sIKa JIIarHOCTY€Th-
s MU IJIAHOBUX KOMIT IOTEPHUX TOMOTpadisix s
BUKITIOUEHHS 0a3wIsIpHOI iHBariHamii abo iMmpecii
(BkyMHEHHs1 3yOoBHAHOTO BinpocTka C, B IMOPOXK-
HUHY 33JIHBOT YeperHoi ssMKH) [16].

Pentrenosnaku ckenernux anomaniit HO VII ta
VIII TumiB onucaHi Juiie mpu 00CTeKEHHI JEK1JTb-
KOX HEMOBJIAT Ta aitel [6, 7, 9]. O0unsi rpynu Ma-
IOThb BKpaidl BUPAXKEHHUI OCTEOINOPO3 Ta aHOMAJIb-
HE MOJIECTIIOBaHHS JIOBTMX TPyOYacTHUX KICTOK, IO
MIPU3BOAMTH JO PO3BUTKY NWITIHIPUYIHOI Jedopma-
uii. KicTkoBa TKaHMHA € Ae30pTaHi30BaHOI0 Ta KHC-
TO3HOM. Y niteit, mo Bwkuan 3 HO VIII tumy, pee-
CTPYIOThCS MIMPOKi MeTadizu.

JladopaTopui Ta ricromopdoJioriuni goc.i-
ToKeHHSI

[TapameTpu MeTaboi3My KIiCTKOBOT TKaHWHH,
SK TIpaBUIIO, B Mekax HopmHu. [Ipore ommcaHno, mo
nipu HO moka3HUKW peMOJIeTFOBaHHS KiCTKOBOT TKa-
HUHH € BUCOKUMHU [17] ab0 HaBiTh 3HAXOASTHCSA Ha
HWXKHINA Mexxi HopMmu [18]. PiBeHs ny»HOi pocdara-
31 MiIBUILYETHCA MiCTs IEPEIoMY Ta IIOMipHO 3poc-
tae ipu VI Trmi HO [12]. PiBensb kucioi ¢pocdara-
3u migsuiryetses npu VI tuni HO Tta, norivxo,
Moxke Oyt Bucokuit mpu VII tumi. [opmoH pocty,
SK MIPaBUIIO, B Mekax HOpMU [19]. 3HIDKEHHS PiB-
Hs1 PINP 3ymoriiene marodizionorivHumMu ocoOIiu-
BocTsimMu xBopoOu [20]. Hiokui piBHi PINP BusB-
neni npu HO 1 tuny B MOpiBHSHHI 3 BiAMOBIIHUMHI
npu HO III a6o IV tumy, mo 3yMOBIEHO 3MEHIICH-
HSIM KUTBKOCTI KoJjlareHy npu Hux [21]. CupoBatko-
Buii piBens CTx, sk mpaBuio, B Mexkax HopMu [17]
a00 3umwkeHui [20].

ITpu ricromopdomeTpii KiCTKOBOI TKAHWHU CIIO-
cTepiraetbcs AeeKT KiCTKOBOTO MOICIIOBAaHHS Ta
3HIDKEHHS KUTBKOCTI Tpalexyn Ta iX ToBmuHH [22].
[pu Becix Trmax HO crnocTepiraeTbcsi 3MEHIICHHS
MIMPUHU KOPTUKAJIBHOTO IIapy Ta 06’ eMy Tpabeky-
JISIPHOT KICTKOBOI TKaHWHH. Bin3HawyaeThcs ImiBHU-
IICHE KICTKOBE PEMOJICNIIOBaHHS, 30UIBIICHHS TO-
BEpXHI SIK OCTEO0JACTIB, TaK 1 OCTEOKIacTiB [23].
VY monspu30BaHOMY CBIT/II IUNTACTMHKU KICTKH IpU
HO ToHmi Ta MeHII I1aaKi B MOPIBHSIHHI 3 KOHTp-
OJIbHOIO Tpymoro. KinbKicTh MiHEpalbHUX BiIKIa-
JICHb y HOPMI, IIPOTE CIIOCTEPIraeThCs e30praHiza-
IIisl KPUCTAJIB, [0 MOXE MPU3BOJUTH J0 CJIa0KOC-
Ti KICTKH.
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BMD Measurements

BMD measurements by DXA (L;-L,) are useful
over a wide age and severity range of OI (24). It aids
diagnosis in milder cases and facilitates longitudinal
follow-up in moderate to severe forms. There is a
general correlation of Z-score and severity of OL
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
matrix structure and crystal alignment. In OI, many
mutations result in irregular crystal alignment on
the abnormal matrix, in addition to reduced mineral
quantity.

Nevertheless, also cases of high BMD-OI with
elevated 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 osteoporosis is lower than expected in
adult OL.

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,
histomorphometry and mechanical properties.
Another limitation is, that DXA is unable to reliably
differentiate between cortical and trabecular bone.
In addition, DXA measurements after surgical
intervention (e.g. kyphoplasty, surgical stabilisation
of the vertebra) are unfeasible and degenerative
changes and vertebral fractures complicate the
analysis of DXA (fig. 2).

In these cases the evaluation of the BMD in
the hip region, dominated 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 correlate with bone mass
distribution and fracture occurrence. We could
recently show the advantages of the combination of
BMD and hip structure analysis by DXA in adult
patients with OI (26). Especially CSA and CSMI
could be an additional helpful means in estimating
bone strength at the femoral neck in OL
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HocaimkeHHnsi MiHepaJbHOI IIIBHOCTI KicT-
KOBOI TKAHUHH

JlocmipkeHHsT MiHEpallbHOI MIUTBHOCTI KiCTKO-
Boi TkanuHu (MLLKT) nonepexoBoro Bigainy xpeo-
Ta (Ll—L 4) 3a goromororo DXA pexomeHmoBaHe JIst
pi3HOro BiKy 3a pi3HOro cTyneHs Tshxkocti HO [24].
Busnauenns MILKT normomarae mpu BCTaHOBIICHHI
JiarHosy y Bunajxy Jierkux popm HO Ta monerirye
TPHUBAJII CIIOCTEPEKECHHS MPH MOMIPHUX Ta TSHKKHX
dopmax. IcHye npsaMuil KopensiiHui 3B’ 130K MiK
MOKa3HUKaMu Z-KpuTepito Ta Tsokkictio HO. Jliama-
30H Z-KpuTepito B 0oci0 i3 | TUIOM 3HaXOAUTHCS B
Mexax Big -1 1o -2 SD, npu [V Tumi — B Mexax Bij
-2 1o -4 SD, a nipu 11 Tumi — csirae Bix -3 g0 -6 SD.
Hitu i3 HO VII Ty MaroTh MOKa3HUKH Z-KpUTEPis
B miamasoHi Bifg -6 g0 -7 SD. BaxnauBo mam’sarary,
0 Z-KpUTEPii MOPIBHIOE BMICT MiHEPAJIBHUX pe-
YOBUH Y KICTKOBii TKAHWHU 3 TIOKa3HUKAaMHU KiCTKH
3 HOPMAJILHOIO CTPYKTYPOIO MaTPHUKCY Ta HOPMaJb-
HUM PO3MOALIOM Y HbOMY KPHUCTANiB. Y MaIi€HTIB
i3 HO pi3nHi MyTalii npu3BoasiTh 10 HEOIHOPITHO-
ro BIAKJIAJAHHA KPUCTATIB HA 3MIHEHIH CTPyKTypi
MAaTpPHKCY, [0 y CBOIO YEPTy 3HIDKYE MiHEpalbHY
[IBHICT.

[Ipote, peecTpyloThCsl BUNIAIKA BUCOKUX MOKa3-
aukiB MILKT npu DXA B mamientis i3 HO, npu
skux MUIKT € BHIIOI0 B MOPIBHSIHHI 3 KOHTPOJIb-
HOIO TPYIIOKO Ta B MOPIBHSHHI 3 TAHUMH 1HITUX I1a-
mientiB 3 HO [25]. Lli Bumaaku Oyiu moB’si3aHi 31
30UIBIIEHHSIM MiHepaii3alii KiCTKH Ta CyIpOBO-
JOKYBAJIHCS TIABUIICHOIO KPUXKICTIO KicTok. [lin-
BUIIICHHS MiHepali3ailii KiCTKOBOTO MAaTpPUKCY €
[IHHAM TIOSICHEHHSIM, YOMY 4acTOTa OCTEOMOPO3Y €
HIDKY0I0, HiXK 0dikyeThes mpu HO y nopociux.

DXA Ha naHuii 4ac € cTaHJapTHUM METO/IOM BH-
MiproBarHs MIIIKT 3 MeTO0 MiarHOCTHKH Ta TO-
JIAJIBIIIOTO CIIOCTEPEKEHHS 32 XBOPUMH 3 OifbIIic-
TIO KICTKOBUX 3aXBOpIOBaHb. TuM He MeHm, DXA
HE BUMIPIOE AKICTh KICTKOBOI TKAaHMHH, SIKa BKIIIO-
gae B ceOc Taki MOKa3HUKH, SIK TEOMETPI0 KICTKH,
ricromopdomeTpito Ta MexaHiuHi BrnacTuBocTi. llle
OJIHMM OOMEXEHHSM € Te, 10 DXA He Moke 10CTO-
BIpHO PO3MEXKYBaTU KOPTUKAJIbHY Ta TpaOeKyspHY
KICTKOBY TKaHHMHY. KpiM Toro, BUMiproBaHHS 3a J0-
nomoror DXA € HEeMOXIUBUMH MICHS XipypridHo-
ro BTpydYaHHsS (HanpukiIaa, KiQoIUIacTHKH, Xipyp-
riuHoi crabimizanii xpeOuiB), a HAsABHICTb JEreHe-
pPaTHBHUX 3aXBOPIOBAaHb Ta MEPEIIOMIB T XpeOIliB
YCKJIaJHIOIOTh aHaji3 nokasHukiB DXA (puc. 2).

V nux Bunazakax oninka MIIKT y ginsHIi npo-
KCUMAJILHOTO BiJJIUTy CTETHOBOI KICTKH, JIe Tepe-
Ba)Ka€ KOPTUKANbHA KICTKOBA TKAaHMHA, € €IUHOIO
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Fig. 2. DXA scan of the lumbar spine of a 40-year old
woman with OI III. Unfeasible scan due to multiple
vertebral fractures and scoliosis.

Puc. 2. IBox¢0oTOHHA peHTreHiBCbKa JeHCUTOMETPIsl 1o-

nepexkoBoro Bigaiay xpedra 40-piunoi :xinku 3 HO III

Tuny. HeMoXJIMBiCTH CKaHYBaHHSI Ta aHAJII3y BHACTIIOK
MHOKHHHHUX NepeIoMiB Tij1 XpeOliB Ta CKOJIi03y.

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
patients with OI. Performed at the radius and the
tibia in patients with mild OI type I, HR-pQCT
detected reduced areal BMD, volumetric BMD,
bone area and trabecular number, compared to
healthy controls (27). Alterations of bone structure,
measured by HR-pQCT, in moderate and severe OI
types are under 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

Growth hormone (GH) therapy in patients
with OI suggests an acceleration of short-term
height velocity. The severe growth deficiency of
OI is responsive to exogenous growth hormone
administration in about one half of cases of type
IV OI (28) and most type I OI (29). Some treated
children can attain heights within the normal range.
In addition, an increase in BMD, bone volume per
total volume (BV/TV) and bone formation rate
(BFR) were shown. However, GH increases bone
turnover, which seems to be counterproductive in
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MOXKIIBOIO 30HOIO JJIsi BUMiproBaHHSI. CTpyKTyp-
HUH aHami3 crerHoBoi kictku (HSA) Buxopucto-
BYETBCSL JUIS OIIHKH MIITHOCTI KICTKH Ta BKJIIOYAE
JOCTI/DKEHHS TTOTIEPEYHOTO 3pi3y MOMEHTY iHEp-
uii (CSMI), ruromni mormepednoro 3pizy (CSA) ta in-
nexcy cun crerra (FSI). /lani nokasHukH, K Bi-
JIOMO, KOPEIIOIOTh 13 PO3IIO/ILIOM KiCTKOBOI MacH Ta
BUHHUKHEHHSIM IIEPEJIOMiB. ABTOPH CTaTTi OCTaHHIM
YacoM BKa3yBaJIH Ha IIEPEBary MOEJHAHHS TTOKa3HH-
kiB MILIKT Ta anamizy cTerHoBOi KiCTKH 3a JIOTIO-
Mmororo DXA y nopocinux xBopux 13 HO [26]. Oco-
omuBo CSA 1 CSMI MoxyTh OyTH KOPHCHUMH 3aCO-
Oam# MpH OLIHII MIIIHOCTI IMUHKH CTETHOBOI KICTKH
npu HO.

Ha cporomni 3’sIBUBCS BiJHOCHO HOBHH METOI
omiaku 00’emHoi MIIKT Ta BUMIpIOBaHHS CTPYyK-
TYPH KiCTKOBOI TKAaHHHU — BHCOKOPO3/IIbHA TIEPH-
¢depruna xomm 'torepHa tomorpadis (HR-pQCT).
HR-pQCT Burnsigae nepcneKTUBHUM 1HCTPYMEH-
TOM JIJIsl HeIHBa3MBHOT OIIHKH CTPYKTYpPH KICTKH B
npopocnux narientiB i3 HO. JlocaikyroTsest mpo-
MCHEBA Ta BEIUKOTOMIIKOBA KICTKH. Y XBOpHUX 3
nerkum nepedirom HO mpu HR-pQCT BuzHavgaeTs-
cs 3HIDKCHHS INIommuHHOI, 06’eMu0oi MIIKT, 1mio-
i KICTKH Ta KUIBKOCTI TpaOekyn y MOpiBHSHHI 3
KOHTPOJIBHOIO TPYITOI0 37I0pOBUX 0¢i0 [27]. 3miHH
KIiCTKOBOI CTPYKTYPH IIPU CepenHiil Ta TSKKii pop-
Mi HO B manuit yac 3a qonomororo HR-pQCT He 0-
cimijkeHi (puc. 3).

lasxu Tepamii

Crijl 3ayBayKUTH, 1110 HA CHOTOJIHI HE iICHY€E Me-
JqukaMeHTiB i dikyBaHHa HO. 3aBmanns Tepamii
BKIouaroTh 30utbmenHs MIIKT, 3umwkenHs vac-
TOTH TEPENOoMiB, 3MEHIICHHsT OOIBOBOTO CHHIIPO-
MYy, 301JIbIIIEHHS] MOOLIBHOCTI, a TAKOXK 301IbIICHHS
3pOCTY.

MennkaMeHTO3HA Teparis

Tepamist cOMaTOTPOITHUM TOPMOHOM y HiTeH i3
HO cnipusie 3011bIIEHHEO 3pOCTY Y BHITAJIKY HOTO 3a-
TPUMKH. SIK TIPaBWIIO, HA TEPAIlil0 €K30TCHHUM CO-
MaTOTPOITHUM TOPMOHOM Bi/INIOBi1a€ OUIBIIICTD Ia-
mientiB i3 HO I tuny [29] ta monosuHa i3 HO IV
tuny [28]. YV meskux miTeil 3a3HaueHa Teparis J0-
romarae JOCSTHYTH HOPMAJIbHHUX ITOKa3HHUKIB 3pOC-
Ty. Takok Take JKyBaHHS Bele JO 30iTbIICHHS
MIUIKT, criiBBiHOIIICHHS 00’ €My KiCTKH JI0 3aralib-
Horo 06’emy (BV/TV) ta mBuaxocti ¢popMyBaHHS
kictkoBoi TkanuHu (BFR). Ipote, comarorponHuii
TOPMOH TMPUINBUIIYE PEMOACTIOBAHHS KICTKOBOT
TKAaHHWHU, IO € HEMPHITYCTHMUM Yy BHIAIKy BHCO-
KX TEMITiB MeTa0oi3My KiCTKOBOi TKaHHHH, KU
cnoctepiraerbest mpu HO. Kpim Toro, Takox omuca-

11



Ponang Koc’sta, Xpuctnan Mammn, [xynit Xamka, [eapix Prom “HEIOCKOHAJIMIT OCTEOIEHE3: HOBHUiA TIOIJISA/L HA TIPOBJIEMY”

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

Puc. 3. 300paskennsi, oTpuMaHe 3a JA0MOMOI0I0 BHCOKO-
po3aijabHoI nepudepuyHoi KoMII’I0TepHOi ToMorpadii ro-
Mijiku 35-piunoro 4ososika i3 HO IV Tuny. 3menmenns
KiJbKocTI TpadeKkys Ta 3HUKeHHs cHiBBiqHOmeHHs1 BV/
TV (00’emy KicTKH 10 3arajibHOT0 00’ €MY), 3HH:KEHHSI I0-
MOI'€HHOCTi TpadeKyJIsIpHOI CiTKH.

a high bone turnover state like OI. Additionally, a
non-responder status has been described (30).

Numerous controlled trials have shown the
benefits and limitations of bisphosphonate treatment
for OI (31-33). The trabecular bone of vertebral
bodies has the most positive response. BMD is
increased, although the functional meaning of
this measurement is difficult to assess because
it also includes retained mineralized cartilage.
More importantly, the vertebral ability to resist
compressive forces is shown as increased vertebral
area and decreased central vertebral compressions.
The effect of bisphosphonate treatment on
predominantly cortical long bone is more equivocal.
There is a combination of increased stiffness and
load bearing that is balanced by weakened bone
quality (34).

Primary, pamidronate was administered in
patients 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 satisfactory
results regarding BMD and fracture risk reduction
(36, 37).

Oral bisphosphonates like risedronate increase
BMD at the lumbar spine, but not at the hip.
However, fracture incidence and bone pain are
not improved with oral bisphosphonates (38). In
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Hi BUTIAJIKU BiJICYTHOCTI BiIMIOBi/Ii HA 3a3HAYCHY Te-
partiro [30].

UwrcneHHI KOHTPOJIbOBaHI KITIHIYHI JOCIIIKEeH-
Hsl TIOKa3alli TepeBard Ta Hemomiku OicdocdoHa-
TiB st JrikyBanas HO [31-33]. Halikpame Binmo-
BiJlae Ha Teparito ryddacra KiCTKOBAa TKaHWHA Tijia
xpeOrst, crnoctepiraerbest  30unbmenHs MIIKT,
xo4a (yHKI[IOHAJbHE 3HAYEeHHS I[bOTO BUMIipIOBaH-
HS B&XKKO OIIHUTH, OCKIIBKH BPAaXOBY€ThHCS MiHEpa-
mizaris xpsma. Takoxk BaKITUBO 3a3HAYUTH, IO TLIO
XpeOIIs 3MaTHe MIPOTUCTOATH CHIJIAaM CTHCKYBAaHHS 32
PaxyHOK 301IBIICHHS TUIOIII XPeOIls Ta 3MEHIIICHHS
KoMITpecii B LIeHTpalbHil Horo yacTuHi. Bruus te-
parmii 6icdocoHaramMu Ha CTaH JOBTUX TPyOUACTHX
KICTOK, SIKi TIEPEBAXKHO CKIIAJAFOTHCS 3 KOPTHKAIb-
HO{ KICTKOBOI TKaHHHH, O1TbII cyMHIBHUK. CriocTe-
piraeThcsi KOMIIEHCAIlisI HU3bKOT SKOCTI KICTKH ITiJI-
BUILIEHHAM 11 MIIIHOCTI Ta CTIMKOCTI O HaBaHTAa-
skeHH [34].

Crnouarky nauieHtam 3 HO npusnadanu nami-
npoHoBy kucnoty [35]. KypcoBa Teparmisi mamiznpo-
HOBOIO KHCIJIOTOIO B JIiTeH 13 TsxkKoro popmoro HO
MIPU3BOAMTH JI0 30UIBIICHHS BUCOTH TiJl XpeOIliB Ta
3HIDKCHHS 9acTOTH repenioMiB [35]. Takoxk oTpuma-
HO 3aJIOBUTBHI pe3ynbratd 1mojo ctany MIIKT Ta
3HWKEHHS PU3UKY TEpPEIOMIB IPU MPU3HAYEHH1 30-
JIEAPOHOBOI Kuciotu [36, 37].

TabneroBani Oicdocdonaru, 30Kkpema, pU3EH-
napoHoBa kucnora 30inbirye MIIKT na piBHI mo-
MEPEKOBOTO BTy XpeOTa, MPOTe HE Ma€ BIUIUBY
Ha CTETHOBY KICTKy. Takok 4acToTa MEpesioMiB Ta
THTCHCHUBHICTh OCAJITIH HE 3MIHIOETHCS TIPU Tepartii
nepopanbHuMu Oichocponaramu [38]. Kpim Toro,
TabneroBaHi OichocdoHaTH HEAOLITLHO 3aCTOCOBY-
BaTu B AiTeil y 3B’s13Ky 3 iX MOOIYHUM BIUIMBOM Ha
CTaH CTPABOXOJy Ta NUIyHKa. TakuMm 4uHOM, OyIo
MOKa3aHo, 110 iICHY€ TCHJCHINIS 10 3HW)KEHHS dJac-
TOTH Ta BITHOCHOTO PU3HKY IIEPEIIOMIB, ajileé HEMaE
CTaTUCTHUYHOI JIOCTOBIPHOCTI IMOKa3HHWKIB. Y He-
KOHTPOJIbOBAaHUX KIIHIYHUX AOCTIKEHHAX MOKa3a-
HO, IO PEe3yNbTaTH (PyHKIIOHATIBHUX TECTIB IIOAO
XOZB0H, M’S30BOi CHJIM Ta OCAJITiH OyIyTh TAKMMHU
X, SIK y Tpymi tuiareoo.

TpuBanuii mepion HamiBpo3Mmagy Ta IHUPKYIs-
Iis TaMipPOHOBOI KUCIIOTH B JIiTEH ax 70 8 pOKiB
MICIIsI IPUITMHCHHS i1 BBEIEHHS MOXE BHKJIHKATH
crenrdivHi MeaiaTpUYHI CKEJIETHI Ta PErnpoayK-
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addition, oral bisphosphonates do not seem to be
appropriate 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 statistical
benefit. The functional changes in ambulation,
muscle strength and bone pain reported in
uncontrolled trails have been shown to be similar to
placebo. The prolonged half-life and recirculation of
pamidronate in children up to 8 years after treatment
cessation may pose paediatric specific 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 osteotomy healing
was noted at conventional doses (41). The current
management of bisphosphonates for OI is to treat
for 2-3 years and then reduce the dose or discontinue
the drug but continue to follow the patient.

Future prospects in OI treatment

The RANKL antibody denosumab 1is an
established therapy in postmenopausal osteoporosis
(42) and bone metastases (43). Recently, denosumab
has 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
resorption, greater than the previous bisphosphonate
therapy. 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 effects
of a long-term treatment and fracture risk prediction
in bigger cohorts and different types of Ol.

Osteoanabolic therapy with teriparatide (TPTD)
is known to increase BMD and reduce vertebral
fracture risk in male and female patients with
osteoporosis (44). In 2009 a phase four, multicentre,
placebo-controlled study was enrolled to determine
the effectiveness of TPTD in adult patients with
OI (unpublished 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 inhibitor
of bone formation. A sclerostin antibody was
lately developed for the treatment of osteoporosis,
showing promising data for this anabolic treatment
in preclinical studies (45). Currently the sclerostin
antibody was evaluated in the Brtl/+ mouse knock-
in model for moderately severe Type IV OI with
a point mutation on COL1A1 (46). Two weeks of
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tuBHi pusuku [39]. Tpusana tepamis abo mnpu-
3HAUYEHHS] BUCOKHUX J[03 y JiTeH MOXE BUKJIMKATU
MOPYLICHHS KiCTKOBOTO pemopemnioBanHs [40] Ta
MIPU3BECTH JI0 aKyMYJISIIii MikpoTpimuH. [Ipu 3a-
CTOCYBaHHI CepelIHiX 703 Impenapaty Oyio Bij3Ha-
YEHO CIOBUIBHEHHS 3aroeHHs octeoToMii [41]. B
JJAaHUH 4Yac peKOMEHIYEThCS Mpu3HadaTu Oicdoc-
¢onatu B mikyBanui HO mpotsirom 2-3 pokis, a
MOTIM 3MEHITYBaTH 103y a00 MPUIUHUTH iX BUKO-
PUCTaHHS, IPOTE MPOJOBKYBATH CIIOCTEPEIKECHHS
34 MaLi€HTOM.

MaiiGyTHi nepcnexTuBu B JikyBanni HO

Henocymab (antutina 1o RANKL) ctBopenunit
JUTSL JIIKYBaHHS TI0CTMEHOIIAY3aJIbHOTO OCTEONOPO3Y
[42] i xicTkoBuX MeTacTasiB [43]. HemonasHo mpo-
BEJICHI JIOCTIKECHHS e€(DEeKTUBHOCTI JIeHOCYyMaly Ha
HEBEJUKIN KUIBKOCTI MAIlieHTIB 13 piakum VI Tunom
HO, sxi Manu HeaJeKBaTHY BiJIIOBiJIb HA JIKyBaH-
Hs Gicocdonaramu [ 13]. Jlenocymad BBOAMIH iJI-
MIKIPHO KOXKHI TPH MICSIII, IO CYIPOBOIKYBAIOCS
3HMKEHHSM KICTKOBOI pe3opOlii Oinblie, HIX MpH
noriepeHii Tepamii 6icdochonaramu. bichocdo-
HATU 3aJUIIAIOTECS B CKEIICTI MPOTATOM 0OaraTbox
pokiB. OnHi€r0 3 mepeBar JeHoCcyMady Moxe OyTH
Horo mBuIa eniminanis [ 13].

TaxuM urHOM, HEOOX1THI MOAAIBIII TOCHTIIKEH-
Hs, SIKI TMOBUHHI 30CepeauTHCs Ha e()EeKTHBHOCTI
TPHBAJIOTO JIIKYBaHHS Ta HOT0 BIUIMBY HA PU3KK IIe-
PEJIOMIB Y BEJTMKHX KOTOpTaX MAIliEHTIB 13 PI3HUM
tuniom HO.

AmnaboIiyHa Tepartist 13 3aCTOCYBaHHSM TEpHIIa-
paruny (TPTD), sik Bimomo, miaBuirye MIIKT Ta
3HIDKY€E PU3UK BEPTEOpATIBHUX TIEPEIIOMIB Y YOJIO-
BIKIB 1 JKIHOK 3 octeonopo3om [44]. ¥V 2009 pomi
po3nouaro 4etBepry a3y 0araToreHTpOBOro Iuia-
11e00-KOHTPOJIBOBAHOTO JTOCIIKCHHS 3 BH3HAUCH-
HSIM e()EeKTUBHOCTI TEPHUIIAPATHIY B JOPOCIHX XBO-
pux 3 HO [HeomyOnikoBaHi aaHi]. ABTOpU CTarTi
Ha CHOTOJ[HI BUSBHJIM MO3UTHBHUN €EKT KOPOTKO-
CTPOKOBOI Teparii TepurnaparuioM y KOHCOJiJarii
I’ ITHKPATHOTO TIEPEJIOMY KICTOK Ta3a B YOJIOBiKaA 3
HO 1V tuny [nogano 10 1pyky].

I'mikonpoTeTH CKICPOCTHH € TOTY>KHUM 1HT101TO-
poM opMyBaHHS KiCTKOBOI TKaHHHU. OCTaHHIM Ya-
COM pO3pO0JICHI aHTUTIIA IO CKJICPOCTUHY IS Ji-
KyBaHHS OCTEOMOPO3y Ta OTPUMAHO OOHAIIHIHBI
pes3yapTaTy IS IbOTO BUAY aHAOOMiYHOI Tepamii B
JOKJTIHIYHHX JOCTiDKeHHX [45]. Y naHwuii yac Bu-
BYAETHCS C(EKTUBHICTh NMPH3HAYCHHS AHTHUTIA 10
CKJIIEPOCTHHY B EKCIIEPHUMEHTI Ha MuIax Brtl/+, Mo-
neni cepenuboTsKKOT hopmu HO IV tuny i3 myTa-
miero B COL1A1 [46]. JIBa TmxXHI JIKyBaHHS BH-
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treatment increased trabecular bone mass, resulted
from increased trabecular thickness, but not
number. Additionally, sclerostin antibody treatment
significantly increased ultimate load and stiffness.
Functional outcomes including ultimate load and
stiffness were improved to levels not significantly
different 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
transplantations in three children with severe
OIl. 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 osteocytes,
linearly organized osteoblasts, improved bone
formation and mineralisation were found.
Additionally, 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. However, adverse effects
of MSC such as tumour modulation, malignant
transformation and immunosuppressive property
have to be considered (48).

Physical Therapy and Orthopedic Surgery

Early and consistent rehabilitation intervention
is the basis for maximizing the physical potential of
individuals 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 isotonic and aerobic conditioning. Swimming
should be encouraged.

The goals of orthopedic surgery are to correct
deformities 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
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KITUKAIOTh NpUpICT TpabekyssipHOi KiCTKOBOI MacH
3a PaxyHOK 30UIBIICHHS TOBIIMHHU TpaOeKyi, ale
He X kijpKkocTi. KpiM Toro, mpu Tepamii aHTuTiIa-
MU JI0 CKJIEPOCTHHY 3HAYHO 301TBIITYETHCS TPaHUY-
HE HaBaHTWKEHHs Ta MILHICTh. Pe3ynbratu QyHK-
[IIOHAJILHUX TECTIB, Y TOMY YHUCII IPaHUYHOTO Ha-
BaHTXXCHHsI Ta MIIHOCTi, 3HAYHO ITOKPAIIMINCS
Ta JIOCTOBIPHO HE BIJPI3HSUTUCS BiJl MUIICH JTUKOTO
tuny [46]. Tum He MeHII, POJIb CKIEPOCTUHY Y XBO-
pux 3 HO 3amumaerbes Hes’sicoBaHoro. HeoOximHi
MOJIAJIBIIN JIOCTI/PKEHHSI B I[bOMY HAIpPSIMKY, 1100
MiATBEPANUTH MOTICPEIHI PE3YIBTATH.
TpancnnanTalis Me3eHXIMaJbHUX CTOBOYpO-
Bux kimitiH (MCK) morna 6 BHIpaBUTH T€HETHY-
Hi 3axBoproBaHHs, 30kpeMa HO [47]. Xopsin i cmi-
BaBT. TIPOBEIIM TPAHCIUIAHTAIIIO KICTKOBOTO MO3KY
B TPBOX JiTeH 3 Tswkkoio dopmoro HO. 3pasku 6i-
onrary KiryOooBoi KicTku g0 TpaHciutanTamii MCK
MaJld THIIOBHH BUIISA KICTKOBOI TKAaHHUHU 3 BHCO-
KM MeTa0oJli3MOM, CIIOCTEpIraliucs IU30pTaHi-
30BaHI OCTEOLUTH, 30UIBIICHHS JTaKyH 1 3MEHIICH-
HS KUTBKOCTI ocTeoOnacTiB. Yepes ciM MicsIIiB ITic-
ns1 tpancmanTanii MCK BigzHauanocs 3MeHIIEHHS
KUTBKOCTI OCTEOIUTIB, JIHIHHO OpPraHi30BaHUX OC-
Teo0acTiB, MOMINIIeHHs (JOPMyBaHHS Ta MiHEpai-
3amii kicrok. Kpim Toro, BMicT MiHEpaJIbHUX pedo-
BUH, siKuil BumiptoBaBcsa DXA, 30inbmBes Ha 28 T
(y cepennbomy) mipoTsiroM repiux 100 gHiB mmics
TpaHcmanTanii [48]. bepyuu 10 yBaru HeBeIUKHUN
pO3Mip BUOIPKH JaHOTO JTOCIIKSHHSI, TPAHCIUIAH-
tanist MCK Moxe OyTH MEpCHEKTUBHUM METOIOM
nikyBaHHs xBopux 3 HO. TuM He MeHIII, HeraTuBHI
Hacuinku TpaHcmanTanii MCK, Taki ik 3pocTaHHsS
YacTOTH ITyXJIMH, 3JIOSKICHI TpaHchopmallii Ta imy-
HOCYTIpECis TaKoXk IMOBUHHI OpaTucs 0 yBaru [48].

®dizioTepanis it opronequyHa Xipypris

Panni Ta mocrtiiiHi peaOimiTamiiini 3axomu €
OCHOBOIO JIJISi MAKCHMAaJIbHOI (Di3MYHOI aKTHBHOCTI
xBopux 3 HO [49, 50]. dizioTeparnis mOBUHHA MTOYH-
HATHCS B PAHHBOMY ANTHHCTBI, y BUTIAIKY HAHTSIK-
YUX TUIIB, IPU3HAYAIOTH A€POOHI 3aHSTTS, BIPABH,
SIK1 CIIPUSTIOTH 3MIITHEHHIO M’5131B, BHKOPHUCTOBYIOTh
MPOTEKTOPU MpHU HepecyBaHHI. BrpaBu mist 30116-
IICHHST M’SI30BOi CWJIM, 30KpeMa, 130TOHIYHI Ta aH-
TUTpAaBITAIli}{Hi, aepOOHI 3aHATTS BHUKOHYIOTH MIX
OPTONEUYHUMH BTpY4YaHHSIMH. Takox ciig 3a0Xo-
JyBaTH MAIli€HTIB IJIaBaTH B OaceifHi.

MeToro OpTONEAUMYHNX BTPYyYaHb € KOPEKIis
nedopMmarii, SKi BUHUKAIOTh TPH X001, i mome-
peKeHHs TIOBTOPHUX nepenoMiB. KiracuaHo BHKO-
PHCTOBYIOTh OCTEOTOMIIO 3 iHTpaMemyIIpHOIO (ik-
cami€ero CTprkHeM. Ha cborogHi BUKOPHCTOBYIOTb
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telescoping rods (Bailey-Dubow (51) or Fassier-
Duval rods) and nonelongating rods (Rush rods).
Important considerations include selection of a rod
with the smallest diameter suited to the situation to
avoid cortical atrophy.

The secondary features of Ol, including abnormal
pulmonary function, hearing loss and basilar
invagination 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 defects 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 period to mild cases with only few
fractures. Currently over 1500 dominant mutations
in COL1A1 and COL1A2 have been identified (4).
Eleven types of OI have been classified, so far.

Ol is diagnosed by radiologic and clinical
findings 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 Ol. DXA measurement
might be a helpful tool for therapy monitoring.
However, the DXA method has its limitations,
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 Ol 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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KOHCTPYKIIIT i3 3aCTOCYBAaHHSM TEICCKOIMIYHHUX TUX,
mo «poctyth» (Bailey-Dubow abo Fassier-Duval)
[51] 1 tux, mo «ue pocTyTh» cTpuxkHiB (Rush).
BaxxmBuM 3acTepeKeHHSIM TPU BUOOP1 CTPUIKHS €
T€, 110 BiH MOBHMHEH OyTHW HAaWMEHIIOro JliaMeTpa,
100 YHUKHYTH aTpodii KOPTHKAIBHOTO IIapy.
Kopexkuito BTopuHHUX 3axBoproBaHb npu HO, 30-
Kpema, BTpaTH CIIyXy, Oa3WIspHOI iHBariHamii mpo-
BOJISITh Y CIEIalli30BaHUX 3aKiIagax 3TiTHO pO3po-
OJICHUX CTIeIiali30BaHUX KOOPIHMHOBAHUX IIPOTPAM.

BucHoBku

Henockonamuii octeorcHe3 € reHESTUYHHUM 3a-
XBOPIOBaHHSIM CIIOJyYHOI TKaHIHU, K€ XapaKTepPH-
3y€ThCS KPUXKICTIO KICTOK Ta I IBUILCHUM PH3HKOM
nepesomiB Bix Jerkoi TpaBmMu. Henmyra BukiukaHa
MEPBUHHUM JAe(eKToM Komareny I tumy abo Oifn-
KiB, AKi B3a€MOJiIOTh 3 KojareHoM | tumy. Kuiniu-
Ha KapTHHA 3aXBOPIOBAHHS € HAJA3BUYAWHO Pi3HO-
MaHITHOIO, TOYMHAIOYH BiJl CMEPTEILHUX BHUIIA IKIB
y TIepUHATATILHOMY TMEPioi 10 JISTKUX MPOsBIB, SKi
MIPOSIBIISIIOTHCS JIMIIE JeKiTbKoMa TepenoMaMu. Ha
cworoyHi moHaa 1500 goMiHyOUnX MyTaIliil Buiie-
Ho B COL1A1 1 COL1A2 [4]. Ha ganwmit yac Kjiacu-
¢ikaris Hanmiyye onuHaaAUATH THIiB HO.

Hiarno3z HO rpyHTyeThCS Ha OCHOBI KIIHIYHUX
Ta pEeHTreHorpadiuHUX AAaHUX, Pe3yJbTaTiB Koja-
reHcrnenudiuHux Oi0XIMIYHUX TECTIB Ta CEKBEHY-
BanHs [IHK. CmocrepexeHHsi 3a mepebiroMm XBo-
pOOHM TIPOBOAUTHECS 32 JOMOMOTOI PaioNIOTIYHUX
METOJIB. 3aCTOCYBaHHS MapKepiB peMOJeIOBaH-
HS KICTKOBOI TKAHWHH € HEIOLIJIBHUM 11 MOHITO-
punry nepediry HO. JIBox(oTOHHA peHTreHiBChKa
JICHCUTOMETPisl MOXKe OyTH KOPHUCHHM IHCTPYMEH-
TOM JUISI MOHITOPHHTY Tepallii, MPOTe BOHA M€ CBOi
oOMmesxeHHs, ocoonuBo y xBopux 3 HO. Bucoxopos-
IiTbHA TepudepruyHa KOMIT I0TepHa ToMorpadis
(HR-pQCT) moxe OyTH Ba)KIMBUM 3acCO00M IpH
OLIIHIII CTPYKTYPH Ta SIKOCTI KiCTKH.

Kypcosa tepamis Oicdochonaramu B JTiKyBaHHI
HO 6yna Briepie nipezcrasieHa B ki 1980-x po-
KiB. YncieHH] TOCTIPKEHHS [TOKA3aIl TO3UTUBHUM
e(ekT Bl BHYTpPIITHBOBEHHUX 1H(DY3iH Oicocdo-
Haramu Ha craH MUIKT, oco6auBo mamigpoHOBOT
Ta 30JICIPOHOBOI KUCIOTH. TUM HE MEHI, 1X BIUIMB
Ha PU3MK IMepesioMiB 1 3MEHIIEHHs 000 cymnepeuy-
muBi. IlepopanbHi OichochoHaTn He MarOTh MO3U-
TUBHOIO BIUIMBY B JikyBaHHI HO. Y mailGyTHREOMY
aHa0oMiYHA Tepamis, 30KpeMa, TePUIIApaTUT, AHTH-
TiJla 10 CKJIEPOCTHHY Ta, MOXKIIMBO, TPAHCILJIAHTA-
ist MCK moske BifirpaTs BaXJIMBY POJIb y JiKyBaH-
Hi xBopux 3 HO.

Ilepexnaoaui: banayvka H.I., [losoposuiok P.B.
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