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Quantitative description of distraction regene-
rated bone for lengthening and correction

of posterior and middle foot deformities

by computer tomography data

KonunyecteseHHas xapaktepucTuka
LONCTPaKUMOHHOro pereHepara npu
YOJIMHEHUN N yCTPaHeHUn aedhopmaunii
3aQHero n cpegHero otgena crombl Mo
LOaHHbIM KOMMbOTEPHOW TOMOrpadomu

Original article © ) ORTHOP TRAUMA SURG REL RES 1 (27) 2012

Summary

The quantitative description of distraction regenerated bone for lengthening and the correc-
tion of posterior and middle foot deformities by the data of computer tomography (CT).
Transosseous osteosynthesis according to Ilizarov was performed for the purpose of correcting
posterior foot deformities in patients with deformities and developmental anomalies of foot
bones. CT-characteristic of distraction regenerated bone after device dismounting has been
studied in 13 patients. CT of distraction regenerated bone allowed to study the density of
distraction regenerated bone in different periods after treatment. Depending on the length of
distraction and fixation with the device, the density of regenerated bone varied from 25-38
HU to 50-80 HU. To solve the problem of additional fixation length, a technique for its
prediction has been proposed by us. The zones of regenerated bone with density values of 70-
80 HU and higher can be considered as zones of high mineralization; those with density values
of 60-70 HU — as zones of good mineralization; those with density values of 50-60 HU — as
zones of satisfactory mineralization; and the zones with density values below 50 HU — as zones
of unsatisfactory mineralization, thereby determining the length of additional fixation.

Key words: distraction regenerated bone, CT, foot

Pedepar

KonmdecTBeHHast XapaKTepPUCTHKA JUCTPAKIIHOHHOTO PereHepara IpH YIJIMHEHHN U YCTPaHCHUH
nedopManuii 3aJHEro0 U CPEJHEro OTAENA CTOIBI MO JAHHBIM KOMIIbIoTepHO# Tomorpaduu (KT).
Jlnst ycrpaneHus aedopMmaruii 3aJHEro OTAena CTOImBI y OONBHBIX € JedopManusMu
1 aHOMAJIMSIMHU Pa3BUTHS KOCTEH CTOIBI IIPUMEHSIIH YPECKOCTHBIH OCTEOCHHTE3 110 Mn3aposy.
VY 13 GonpHbIX u3ydeHa KT-xapakTepucTiKa TUCTPAKIMOHHOTO pereHepara mocie JeMOHTaxKa
anmapara. KT 1ucTpakiimoHHOro pereHepara mo3Bojiuia U3y4UTh IIIOTHOCTh JUCTPAKIIHOHHOTO
pereHepara B pa3iIHYHBIC IIEPHOJBI IIOCIE JEUCHHS. B 3aBHCHMOCTH OT IIPOIOJDKHTEIBHOCTH
JNUCTPAKUUU U (PUKCAIMM anmapaToM, INIOTHOCTh perenepara koiebamack ot 25-38 HU mo
50-80 HU. ns peruenus BOIpoca O MPOJOJDKHTEIBHOCTU JIOTIOTHUTENBHON (DUKCAIME HaMU
MIPEATIOKEH CIOCO0 ee NPOTHO3MPOBAaHUS. 30HBI pereHepara C II0Ka3aTeIsIMHU IUIOTHOCTH
70-80 HU m BbllmIe MOTYT pacleHMBAThCS KaK 30HBI C BBHICOKOW MMHEpajH3alMel, ¢ MmoKa-
3arensamu miaotHoctd 60-70 HU- kak 30HBI ¢ Xopolleld MHHepaau3alMei, ¢ IMoKazaTeasiMu
mioTHocTH 50-60 HU -kak 30HBI ¢ yHOBJIETBOPUTENBHONW MHHEpalU3alueil, ¢ mokas3aresnsaMu
wiotHoctd MeHee 50 HU kak 30HBI C HEYJOBIETBOPUTEIbHOW MHHEpANU3alMEi, 4TO U ompe-
JIeIIAeT MPOJOIDKUTEIBHOCTD JTONOIHUTEIBHON (UKCALUH.

KuroueBsble cjioBa: TUCTpakiHoOHHBIH perenepat, KT, croma
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INTRODUCTION

The peculiarities of the distraction bony regenerate in
calcaneous, talus and cuneiform bone lengthening allo-
wed us to reveal some regularities and differences of its
structure at the different stages of lengthening using the
method of poly-position radiography and densitometry [1;
3; 4; 5; 6; 7; 8; 13]. Distraction regenerate is forming in
the bones of hindfoot on the background of different
osteoporosis severity that leaves a certain mark on the
stages and radiomorphological characteristics of the
wedge- and trapezium-shaped regenerate bone. In these
conditions the descriptive data don’t give the possibility
to completely evaluate the character of reparative process,
its quantitative parameters and peculiarities of reconstruc-
tion and mineralization processes. CT and densitometry,
that was not applied in cancellous bones lengthening [2;
4; 9; 10; 12; 14] but was used for diagnostics only [11],
had been applied for rather long time for the study of long
bones distraction regenerate.

MATERIAL AND METHODS

CT characteristics of the distraction regenerate after fra-
me removal were studied in 13 patients. The study was
carried out using CT Somatom AR-MR made by “Sie-
mens” and Toshiba Aquilion-64 with data processed at
multi-modal graphic station of Leonardo “Siemens”,
expert class. The study of the regenerate during distrac-
tion and fixation has some difficulties due to the large
number of Ilizarov frame parts being the sources of
artefact. But the study of the regenerate bone and neigh-
boring portions of the calcaneus, talus and other bones
after frame disassembly is also extremely important sin-
ce allows making prognoses on the course of cancellous
bone remodeling and planning the character and the
length of the rehabilitation. Longitudinal, L-, T-, V- and
other shapes of osteotomies were produced to form the
given shape of the regenerate bone, therefore, improving
biomechanical alignment of the foot bones in order to
correct or lengthen hindfoot (Fig. 1).

THE RESULTS AND DISCUSSION

CT with measurements of density of different parts of
calcaneus, talus and subchondral zone of tibia was per-
formed in 12 patients in order to study osteoporosis
severity in the hindfoot. Measurement scheme is repre-
sented in Fig. 2.

BBENEHUE

OcobeHHoCcTH (GOPMUPOBAHHS AUCTPAKIIMOHHOTO pereHe-
para mpu yATHHEHUH MSTOYHON KOCTH, TAPAHHON M KIIH-
HOBHUJHBIX KOCTCH MPU HU3YyYCHHH METOJOM IOJH-
TTO3UITMOHHONW pEeHTTeHOTpaduu U JCHCUTOMETPHH I103-
BOJIWJIM BBISIBUTH HEKOTOPBIE 3aKOHOMEPHOCTH U OTIHYUS
B €r0 CTPYKTYpe Ha Pa3IMYHbIX dTanax yummHeHus [1, 3,
4,5,6, 7,8, 13]. AucTpakOHHBII pereHepar B KOCTSIX
3aJTHETO OT/IeNa CTOIBI (hopMHpyeTCs Ha (hOHE pa3THIHON
CTETeHU BBIPAKEHHOCTH OCTEONOP03a, YTO HAKIIABIBACT
OIPE/ICTICHHBIN OTIEYaTOK Ha CTAAUHHOCTh U PEHTTCHO-
MOP(HOJIOTHYECKHE XapaKTEPUCTHKH KIIMHOBHUHOTO VU
TpamnenueBUIHOTO pereHepara. B 3Tux ycrnoBusx omuca-
TeJIbHBIC JJAHHBIC HE IO3BOJISIOT IMOJHOCTHIO OIECHUTH
XapakTep pernapaTuBHOTO MPOIlecca, ero KOJIMYECTBEH-
HBIC MTAPaMETPBI K 0COOCHHOCTH MPOIIECCOB MEPECTPOHKH
W MUHepanu3anuu. s wm3ydeHus TUCTPAKITMOHHOTO
pereHeparta AJUHHBIX KOCTEH JOCTATOYHO AABHO IpPH-
mensiercss KT w1 ieHcuToOMeTpHst, KOTOpAast IPH YUTHHEHUH
ry0uaTbIX KOCTEeH CTOMBI He mpuMeHstack [ 2, 4, 9, 10,
12, 14] u ucnonp3oBanachk JUMIb C JUArHOCTHUYECKOU
menpio [11].

MATEPWAIT 1 METO[bI

V¥ 13 6onbubix u3zyuena KT-xapaxrepucruka gucTpax-
LIMOHHOTO pereHepara mocie CHATH anmnapara. Mccneno-
BaHUE MTPOBOIMIIN Ha KOMITBIOTEPHBIX TOMOTpadax Soma-
ton AR-HP «Siemensy», Toshiba Aquilion-64 ¢ o0pa-
OOTKOW JAaHHBIX Ha MYJBTHMOJAILHOU ceTeBO# Trpadu-
YECKOM CTaHIMHU dKCHepTHOro kmacca Leonardo «Sie-
mens». M3ydeHne NUCTPaKIMOHHOTO pereHepara B Iie-
puoae GUKcanuy U JUCTPAKIUHU TPEACTABISET Ompese-
JIEHHBIC TPYIHOCTH B CBS3H C OOJBIIUM KOJHYECTBOM
neraneii anmapara VnuszapoBa, KOTOpbIE SBIAIOTCS UCTOU-
HUKOM apTedaxToB. Ho m mocne meMoHTaxa ammapara
HCCTIeIOBAaHUE pereHepaTta MW MPHIEKAIIUX OTAEIOB
MSITOYHOM, TapaHHOW W JIPYTUX KOCTEH 4Ype3BhIYAIHO
Ba)KHO, TIOCKOJIBKY TTO3BOJIICT NMPOTHO3MPOBATh TCUCHHUE
MPOLIECCOB PEMOJICTUPOBAHUS I'yOUaThIX KOCTEH, MIaHU-
pOBaTh XapakTep M MPOJOIDKHTEIFHOCTH MPOIIECCOB pea-
Oownurauuu. [ns ycrpanenus aedopmanuii 3agHETO
OTJeN1a CTOIBI C LEJBI0 €0 PEKOHCTPYKIMM WU YAJIU-
HEHUS BBIOJHAIU nuHEWHble, [-, T-, V — o0pasHbie
U JpyrUe OCTEOTOMHHU UIS (GOPMUPOBAHUS amlIapaToM
WnuzapoBa OUCTPAKIUMOHHOIO pereHepara 3aJlaHHON
(GhopMBI ¢ LEIbI0 YITyYIIeHHS OMOMEXaHUYECKHX B3au-
MOOTHOIIIEHUH KocTel crombl (puc.l).

PE3YINBTATbI N X OBCYXOEHWE

Jliss M3ydeHus CTENEeHH BBIPAKEHHOCTH OCTEONOpo3a
B KOCTSIX 33JTHETO OTJIeNia CTOMBI y 12 GONBHBIX TPOBENeHA
KT ¢ usmepeHneM IIIOTHOCTH Pa3IMYHBIX YYaCTKOB IISITOY-
HOM, TApaHHOW ¥ CyOXOH/IPATBbHOMN 30HBI OOJBIIICOSPIIOBOI
koctd. Cxema n3MepeHusi MpejcTaBieHa Ha puc. 2.
Uepes 1Be-TpH HENENH MOCIIE CHATHS ammapaTa y Bcex
OOJBHBIX TUIOTHOCTh TapaHHOW KOCTH ObLa BBIIIE, YEM
marognoii Ha 80-110 HU.IlmotHOCTF B o0OMACTH
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In 2-3 weeks after frame removal, the talar density
exceeded the calcaneal one by 80-110 HU in all cases.
The density of calcaneal tuberosity area was lower by
21% than the same of total calcaneus and the indices in
medial calcaneal body were the lowest among all (6-12
HU) (Fig.3.)

AP projection of CT shows thickened vertical trabe-
culae divided by wide intervals (with -6 HU density)
(Fig.4).

The density in some parts of these zones correlated
to the fat tissue density (-27 HU) and in the others it did

MATOYHOrO Oyrpa Oblia HIDKE OOIIEH TUIOTHOCTH IMSATOY-
HOU koctH Ha 21%, a caMbIMM HU3KUMHU OBUIM TOKa-
3aTeNd IJIOTHOCTH B MEAMANBLHON 00NacTH Tena MSATou-
Ho#t xoctn (6-12 HU) (Puc.3).

Ha KT-pekoHCTpyKIUAX BO GPOHTAIBLHON MPOSKIIMU
TOMOTpaMMaX BHIIHBI YTOJNIICHHBIC BEPTHKAIBHBIC KOCT-
HBIC TPaOCKyIbl, pa3JeliCHHbIC IIMPOKIMH TPOMEKYT-
KaMH, MJIOTHOCTh KOTOphIX cocrapisuia 6 HU. (Puc.4).

[InoTHOCTP B HEKOTOPBIX yYacTKax OJTHUX 30H
COOTBETCTBOBAJIA TUIOTHOCTH >knpoBoi Tkauu(-27 HU),
B JIpyrux - coctaBisuia He Oosee 70 HU. B Tabmune

Fig. 1. The scheme of calcaneal
osteotomies

Puc. 1. Cxembl ocTeoTomMuu
NATOYHON KOCTHU

Fig. 2. Hind foot CT of the patient
U., 15 years old. Density measu-
rement of different parts of the
calcaneus and talus

Puc. 2. KT 3agHero otgena
cton 6GonbHoM Y.,15. neT
M3amepeHne nnoTHocTM pas-
NWYHBIX OTAENOB MSTOYHOMN,
TapaHHOW KocTewn

Fig. 3. Hind foot CT in the patient
C., 27 years old. Density measu-
rement of different parts of the
calcaneus and the regenerate bone
Puc. 3. KT 3agHero otaena
cton 6GonbHon C., 27 nert.
M3mepeHne nnoTHOCTY pasnny-
HbIX OTAENOB MATOYHOW KOCTU
N pereHepaTta

1 (27) 2012
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not exceed 70 HU. Table 1 represents the data of diffe-
rent foot bones density after the treatment.

Calcaneal cortex density was measured separately in
affected and healthy limbs. Cortex density of the healthy
limb exceeded the operated one by 105.20+43.21 HU.
According to the hindfoot CT with inclusion of distrac-
tion regenerate taken in 13 cases, the density of the
different areas of the regenerate bone ranged from -39 HU
to +396 HU. It made up 28.47+7.24 HU in the central
portions during fixation period. Mean density achieved
310+65.85 HU which corresponded to regenerate ossifi-
cation parts (density ranged from -100 to 400 HU) in the
proximal and distal regenerate bone and its periphery. The
study of the regenerate bone area in the various planes
indicated that it was truly larger in the sagittal plane
(p=0.05) (Fig. 2).

In the immediate follow-up after frame removal the
regenerate density was considerably low, not exceeding
40 HU in some patients. The regenerate density was
higher in the parts adjacent to the host bone. Rarefaction
areas with thickened, widely-spaced trabeculae were
defined in the adjacent foot bones. In two-three weeks
after frame removal the regenerate bone acquired cellu-
lar construction in the axial projection and its density
increased up to 60-80 HU (Fig. 5).

1 mpexacraBieHbl JaHHBIE O IUIOTHOCTH Pa3IMYHBIX
KOCTEW CTOIBI TIOCJIC OKOHYAHUS JICUCHHS.

OtaenpHO ObITa M3MEPEHa MIIOTHOCTh KOPTUKAIBHON
MJACTUHKN TSATOYHOW KOCTH Ha OOJBHOW M 310POBOM
KOHEYHOCTsX. Ha 370poBOH KOHEYHOCTH TUIOTHOCTH
KOPTHUKaIbHOM mMmiuacTuHKH Obuta Ha 105,20+43,21HU
Oounbire, ueM Ha onepupoBanHoi. [lo manubv KT 3az-
HEro OTJAeNia CTOMBI C BKIIOUYEHHUEM B 30HY HHTEpeca
JUCTPAaKIIMOHHOIO pereHepara, BBIIOJIHEHHON y 13 ma-
[IAEHTOB, TUIOTHOCTh PA3JIMYHBIX OTNEIOB pereHepara
konebanach ot — 39 mo + 396HU. B meHTpaimbHBIX
oTAeNnax B mepuoae (GUKcalMKU OHA cocTaBuia B 28,47
+7,24HU. B npokcumMaibHOM U JUCTAJIBHOM OTIEIax
pereHepara, a Takxke o ero mnepudepuu, MIOTHOCTH
nocrurana B cpennem 310+ 65,85HU, urto coorset-
CTBOBAJIO YYaCTKaM OKOCTEHEHHS pereHepara (Iuamna3oH
mrotHocteit ot — 100 go 400 HU.).. M3yuenue miomaau
JIMCTPAKIIMOHHOTO pereHepara B pa3IMYHbIX TI0CKOCTIX
10Ka3aJio, YTO B CAarMTTaJbHON OHA ObUIa 1OCTOBEPHO
6omnpme (p<0,05) (tabmuma 2).

B OmmkaiiimeM mocne CHATHSA ammapara BpeMEHH
IJIOTHOCTh pereHepara Obllla 3HAYUTENHHO HIDKE M HE
MpeBbIlIana y HeKoTopbix 0onbHbIX 40 HU . ITnoTHOCTH
pereHepara Oblja BbILLIE B y4acTKaX, MPUIIEKAIIUX K Ma-
TEPUHCKOM KOCTH. B mpuiexxanmx KocTsx CTombl onpee-
JSUTHCHh YYACTKU Pa3peXEeHUs] C YTOJIICHHBIMH, PEIKO

Fig. 4. Feet CT, multi-planar re-
construction of the hindfoot in
the patient K., 15 years old, after
external fixator removal

Puc. 4. KT crton, myneTunna-
HapHasi PEKOHCTPYKLUUS 3agHe-
ro otgena crtonbl 6 - Hon K.,
15neT nocne cHATUS anna-
paTa BHelUHew durkcaumm

1 Win/hiaw =168 /3597

1 MearysD: -27.0/711
s 4.9980.cm

18 2094 pivels '

-

! .i
k

Tab. 1. The indices of different
. Area of measurements Parameters
foot bones density after lengthe-
ning or deformity correction M . Me
Talus 190,5! 119,3 164
Calcaneus 111,6 65,9 108,5
Calcaneal tuberosity 23,6 21,2 24
Calcaneal body 105,1 96,4 122
' p<0,05 — the differences of talar density from different portions of calcaneus
Tab. 1. MNokasaTenu NNOTHOCTH
~ OobaacTh n3MepeHust IlapameTpbl
pasnu4yHbIX KOCTEN CTOMbI Nocne
YANVUHEHWS UKW yCTPaHeHus ae- M . Me
cdopmauum
TapanHasi KOCTh 190,5! 119,3 164
IIsTounas KOCTh 111,6 65,9 108,5
byrop nsarouHo#l kocTH 23,6 21,2 24
Teno nATOUHON KOCTH 105,1 96,4 122

THE JOURNAL OF ORTHOPAEDICS TRAUMA SURGERY
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The regenerate density didn’t exceed 20-30 HU in
5 patients with long distraction period immediately after
the frame removal (in 1-2 days).

Foot bones density after the fixator removal remained
low and didn’t exceed 100-200 HU.

After external fixator removal it is often necessary to
immobilize the limb by the plaster cast in the patients
with congenital and acquired deformities. At the same
time the fixation length can vary depending on the grade
of radiomorphological maturation of formed bony rege-
nerate which quality can be evaluated by CT method. For
that purpose the regenerate zone was identified in MRI
and its area was segmented for central and peripheral
parts with regards to the longitudinal axis. Later the
density of each exposed part was defined, expressing in

pacroyioXeHHbIMU Tpabekynamu .Uepes nBe — TpU He-
JIeNn ToCJie CHATHUS allapara pereHepaTr NMpHoOpeTan
B aKCHAJTBbHOW IPOEKINH TICUCTOE CTPOCHHUE, INIOTHOCTD
ero yBennuuBasack 10 60-80HU (Puc.5).

Cpasy nocie cHATH anmapara (OIuH - 1Ba JHA) Y 5
OOJIBHBIX C JUTHTEIBHBIM IEPHOIOM IHCTPAKIMU IUIOT-
HOCTbh pereHepara He npesblmana 20-30HU.

[I70THOCTH KOCTEH CTOMBI MOCHE CHATHS ammapara
ocTaBajlach HU3KOH U He mpesbimana 100-200 HU.

[locne cuATHA ammapara BHEUIIHEW (QUKcamuy y Ia-
LUCHTOB C BPOXKACHHBIMH WU ITPHOOpETCHHBIME Aedop-
MAIHSIMH CTOI YaCTO BO3ZHHKACT HEOOXOAUMOCTh UMMO-
OWIM3aluK KOHEYHOCTH THIICOBOM jaHretoil. [Ipu saTom
CpOK (pukcanuu MOXKeT OBITh Pa3INYHBIM B 3aBUCHMOCTH
OT CTETEeHU PEHTTEHOMOP(OIOTHIECKOH 3peTocTu chop-

Tab. 2. The calcaneus regenerate

. . R M t pl Indi
bone area in the axial and sagit- easurement plane ndices
tal planes M o Me
Axial 2,87! 0,43 2,9
Sagittal 3,44 0,98 3,5

'p<0,05 — the differences of axial regenerate density from the sagittal one

Ta6. 2. [Mnowagb AucTpak-

IliockocTh M3mMepeHus IMoka3arean
LUMOHHOIo pereHepara nATOY-
HOW KOCTU VB akcuarnbHom U ca- M G Me
rMTTanbHON MOCKOCTAX
AxcnanbHas 2,87! 0,43 2,9
CarurranbHas 3,44 0,98 3,5

Fig. 5. CT of the feet in the Pa-
tient X., 17 years old. Measure-
ment of the total density of the
regenerate bone and its area in
the axial and sagittal projections.
MRI, axial projections, topogram
Puc. 5. KT cton 6GonbHom X.,17
net. Namepexne obwen nnot-
HOCTWU OUCTPaKUMOHHOIO pere-
HepaTa, ero nrnowaam B akcua-
NBbHOW N carnTTanbHOW Npoek-
umnax.MPR,akcmanbHble npek-
uuu,TonorpaMma

Fig. 6. CT, multi-planar and VRT
reconstruction of the hindfoot in
the patient C., 27 years old, after
external fixator removal. Defini-
tion of calcaneal (111 HU) and
talar (184 HU) bones and tibial
subchondral layer density

Puc. 6. KT, mynsTrnnaHapHas
n VRT peKkoHCTpyKuMs 3agHero
otaena ctonsl GonbHon C., 27
neT nocne CHATMA annapara
BHeLIHen dukcauunun.

Onpepenenve nnotHoctn natoyHon (111 HU), tapanHon (184HU) kocten u cybxoHapanbHoro crnosi 6onbluebepLoBoi KOCTu

1 (27) 2012
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Hounsfield units (HU). Fig. 3 shows the division of the
regenerate bone into the zones for density definition of
its various parts according to the offered scheme. At the
same time we measured the density of the different
portions of the calcaneus.

While comparing the results of clinical examination
and radiographic data with CT data, it was defined that
the regenerate zones with density of 70-80 HU and above
can be evaluated as high mineralization zones, with 60-
70 HU density can be called as good mineralization
zones, with 50-60 HU density — as the satisfactory ones
and the regenerate with density below 50 HU can be
defined as the zones with poor mineralization.

MHUPOBAHHOTO JUCTPAKIMOHHOTO pereHepara, KOIu4ecT-
BEHHYIO OLIEHKY KOTOPOTO MOXKHO OCYIIECTBUTH METOAOM
KT. dnsa storo na MPR Beigensiiu 30Hy perenepara, cer-
MEHTHPOBAJIA €T0 IIOMANb OTHOCHTEIBHO IPONOIHHON
OCH KOCTH Ha IIEHTPAJbHbIC U NepH(EpUIHbIC YIACTKH.
ITocne »Toro ompeaensnu MIOTHOCTb KaXKJOTO H3
BBIJICJICHHBIX Y4acTKOB, KOTOPYIO BBIpaXKali B €ANHHUILIAX
Xayucounga (HU). Ha pucynke 7 mpeactaBieHo pasie-
JICHUE pereHepaTa Ha 30HbI IS OIPEICIICHHS INIOTHOCTH
Pa3NUYHBIX €TO YJacTKOB B COOTBETCTBUH C IIPEIOKEH-
HOI HaMu cxeMol. OTHOBPEMEHHO M3MEPSIIN TIIOTHOCTb
MATOYHONW KOCTU B Pa3sIMYHBIX OTAENAX €e.

IIpu conocTaBieHNHU pe3yNbTaTOB KIMHUYECKON TPO-
Ob1, TAHHBIX PEHTTEHOTpaH C pe3yIbTaTaMH, MOTydeH-
weiMu 1pu KT, ompeneneHo, 4To 30HBI pereHepara
¢ nokazarensamu mwiotHoctu 70-80 HU u Bwime moryt
pacLeHHBaThCsl KaK 30HBI C BBICOKOW MHUHEpalu3aluei,
¢ nokazatensiMu iotTHoctu 60-70 HU kak 30HBI € XO-
poliell MUHepaIu3aLuei, ¢ MoKa3aTeIsIMU INIOTHOCTH 50-
60 HU xax 30HBI ¢ yJOBIETBOPUTEIHHOI MHHEpaIH3a-
mueu, ¢ mokaszarensaMu 1oTHoctH MeHee 50 HU kak
30Hbl C HEYJOBJIETBOPUTEILHON MHUHEpalIU3aLUeH.

Fig. 7. Feet CT of the Patient C.,
27 years old. Multi-planar recon-
struction of the hindfoot, measu-
rement of calcaneal trapezium-
shaped regenerate density by MRI
image

Puc. 7. KT cton 6onbHon C., 27
net. MyneTynnaHapHas pekoH-
CTPYKLMSA KOCTe 3aaHero otae-
na cTonbl, U3MepeHne NMoTHO-
CTW 30H TpaneuueBUZHOro pe-
reHepara MATOYHOW KOCTW MO
MPR wun3sobpaxeHuto. Cxema
YCMOBHOTO pasfeneHuns pereHe-
paTa Ha 9 30H Ha npumepe Tpa-
neuveBUOHOrO pereHepara

9 Min/Max: -5 /55

P MearwSD. 26,3 /148
9 Area: 0,38 sq.cm

9 69 pixels

Min/Max: -16 /95
Mean/SD: 343 /26 .4
Area 047 sq.cm

85 pixels

n/Max: -1 /100
parVSD: 41.0 /17 .4
0.31 sq.cm

7 pixels

69 /1127
VSD: 48.6 /135.6
1

‘ /156
SD: -60.7 /2571
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Fig. 8. Feet CT of the patient U.,
14 years old and patient C., 27
years old. Hindfoot MRI, identifi-
cation of distraction regenerate
density of various areas (zones)
after frame removal for definition
of the length of additional fixation
Puc. 8. KT cton 6onbHow Y., 14
net un C., 27 net. MPR 3agHero
oTaena cTonbl, onpegeneHvne
NAOTHOCTU Pa3nuyHbIX OTAENOB
(30H) gUCTpaKUMOHHOro pere-
HepaTta nocne CHATMSA anna-
paTa ANs onpefeneHvs npo-
[OIDKUTENBbHOCTY  [ONONHUTE-
NbHOW dumkcaumm
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The length of the segment immobilization after cor-
rective operation in the foot bones lasts commonly
4 weeks after external fixator removal. If three zones with
the density below 50-60 HU were observed in the space
from 4th through 9th of the regenerate structure, or same
two zones in the area from 1st through 6th or one zone
from 1st to 3rd zones, immobilization with the back slab
lasted within 5-6 weeks after fixator removal. If there
were no zones with the density index below 50 HU and
the zones with 60-70 HU density prevailed, the fixation
with the cast was performed within 4 weeks after frame
removal. If there were no zones with the density index
below 50 HU and the zones with 70-80 HU density
prevailed, the fixation with the cast was performed wi-
thin 2-3 weeks after frame removal. We should note that
if more than one zone with poor mineralization is obse-
rved, their location within one layer (in 1,4,7 zones or
2,5,8 zones or 3,6,9 zones) is considered to be the most
unfavorable one. In these cases the length of immobili-
zation can be prolonged up to 8 to 10 weeks. Fig. 8
represents CT (MRI) data of density measurements in
different zones of the regenerate bone in the patients aged
14 and 17 years. Since in the patient U., 14 years old,
these zones had no density indices below 50 HU (61-83
HU), the length of additional fixation could be dimini-
shed to 4 weeks while in the patient C., 27 years old, the
regenerate density was lower than 50 HU in the zones
from 1 to 3. Therefore, the length of additional fixation
had to be increased up to 5-6 weeks (Fig. 8).

CONCLUSION

The character of the regenerate formation depends on
the rate and rhythm of distraction but its shape depends
on the spatial relations of the bone fragments with for-
ming bony regenerate between them. It is revealed both
in the rates of forming regenerate and the expressive-
ness of its portions and reconstruction rate. CT of the
distraction regenerate bone allowed us to study the di-
straction regenerate density in the various intervals after
fixator disassembly. The regenerate density ranged from
25-38 HU to 50-80 HU depending on the length of di-
straction and fixation with the frame on. In the calcaneus
after its lengthening or deformity correction rarefaction
zones with singular thickened trabeculae and the density
between them equal to the fat tissue density (-20-30 HU)
were forming. The signs of osteoporosis were also noted
in the adjacent foot bones and their total density com-
prised 100-200 HU. We offer the way of making pro-
gnosis regarding the length of additional fixation.

1 (27) 2012

OOuienpuHsTas MPOJODKUTEIBHOCTh HMMOOHIIH-
3allUM CETMEHTAa T'MIICOBOM IIOBSI3KOM IOCIE KOPPUTHU-
PYIOIIMX OIepanuii Ha KOCTSX CTOIBI TOCIE CHSTHS
ammapara BHelHe# ukcanmu coctasinseT 4 Henenu. [Ipu
HaJlM4MH B CTPYKType pereHepara ¢ 4yeTBEpTOH mo ne-
BATYIO 30HY TpeX 30H, WU ¢ IEpBOM MO IIECTYyI0- BYX,
WUJIM C TIEPBOU MO TPEThIO- OJHOM 30HBI C IMOKa3aTeNIsIMU
mnotHoctu MeHee 50 HU mmmoOwmin3anus B TUIICOBOM
JIaHreTe IPOU3BOAMIIACH B TeueHHE 5-0 Helenb Mocie
CHATHS ammapara BHemHed ¢ukcanun. [Ipu oTCyTCTBUH
30H ¢ nokaszarensiMu miaotHoctu MeHee 50 HU u npeo-
6mamanuu 30H ¢ mokasatemsimu 60-70 HU ¢uxcanms
B TUIICOBOI1 JIaHTeTE MPOU3BOJMIACH B TEUEHUE YEThIPEX
HeJIeNb TIOCie CHSTHUS ammapara BHEIIHEeW (QUKCcaIuu.
IIpu OTCYTCTBUM 30H C MOKA3aTEISIMU TIOTHOCTH MEHEe
50 HU u npeobnamarnn 30H ¢ mokasatemsimu 70-80 HU
(UKcaIys B THIICOBOH JTaHTETE IPOM3BOIIIIACE B TCUCHHE
2-3 Henelnb TOCIIE CHATHSA almapara BHeIIHEeH Gukcanuu.
CremyeT OTMETHTD, YTO IIPY HAJTMIHX 00JIee OHON 30HBI
C HEeyJOBIETBOPUTEIHLHOW MHHEpaIu3anue, Haudomiee
MPOTHOCTHYECKH HEOIaronpusITHBIM CIEAYeT CUUTATh
PAacIIoNIOKEHHE 3TUX 30H B Ipeesax OJHOro cios (B 30-
Hax 1,4, 7umu 2, 5, 8 win 3, 6, 9). B aTux ciaydasx cpok
AMMOOUIN3aIMM THUIICOBOM JIAHTETOH MOXKET OBITh
yBenuueH 110 8-10 Henens. Ha pucynke 8 npencraBieHst
pesynbratel KT(MPR),rme u3mepsuiv mioTHOCTh B pas-
JMYHBIX 30HAX pereHepara y OONBHBIX Bo3pacT 14 u 27
net. [Tockonbky y OonbHOMN V.,14 J1eT 3TH 30HBI HE UMEITH
nokazareneit miaotHocty Hiwke 50 HU(61-83 HU), mpo-
JIOJKUTENBHOCTh JIOTIONIHUTEIbHOW (PUKCAaMu Mora
OBITH OrpaHWYEHA YESTHIPHMS HEACTSIMU (DUKCAIHH, TOTAA
Kak y 6onpHoi C., 27 €T IIOTHOCTh pereHepara ¢ 1 mo
3 3onb! Obu1a HIKe 50 HU. B cBsi3u ¢ 3TUM MpOIOIIKU-
TENBHOCTH JOTIONHATENEHOW (DUKCAIIMH OJDKHA OBITH
yBenmueHa 10 5-6 Hemenb (puc.8).

SAKITIOYEHWE

XapaxkTep (GOpPMHPOBAHUS peTeHEpaTa 3aBUCUT OT TEMIIa
U pUTMa JAWCTPaKIMH, a ero (opma OT HpocTpaH-
CTBCHHBIX B3aHMOOTHOIICHUI KOCTHBIX (ParMeHTOB,
MEKTy KOTOPBIMH (DOPMHUPYETCsl KOCTHEIN pereHepar. 3To
MPOSIBIISIETCS KaK B TeMITax (hopMHpOBaHHUS pereHepara,
TaK U BBIPAKEHHOCTH €ro OTIEJIOB U CKOPOCTH Iie-
pectpoiiku. KT nuctpakumoHHOro pereHepara mo3Bo-
JIWJIO U3YYUTh IUNIOTHOCTH AUCTPAKLIMOHHOIO pereHepara
B pa3IUYHBIC ITIEPHOABI TOCIEC IEMOHTa)ka ammapara
BHeIIHe! (ukcaryuu. B 3aBUCEIMOCTH OT MPOIOTKUATEINb-
HOCTHU JUCTPAKIUU U (DUKCALUH amllapaToM, TIOTHOCTb
pereHepara konebamacy ot 25-38 HU mo 50-80 HU.
B nsiTouHO#M KOCTH TOCTE €€ YIUIMHEHHSI WM yCTPaHEeHUs
nedopmann GopMHPOBAINCH 30HBI pa3pekeHHs, COAep-
JKallie eIWHWYHBIC YTONIICHHBIE TPAaOCKYIbl, MEXIY
KOTOPBIMH IUIOTHOCTH PaBHSIACH IIOTHOCTH JKHPOBOH
tkann(-20-30 HU). B npunexamniux KoCcTsX CTOIBI TaKKe
OTMEYAJINCh SIBICHUS OCTE0IOopo3a, a uX olIias IIoT-
HocTh cocTasmsia 100-200 HU. s pemrenus Bompoca
0 TIPOAOIKUTEIHHOCTH JTOTIOIHUTENFHON (DUKCAIIMK Ha-
MH TPEJIOKEH CII0Co0 ee mporrosupoBanus. [Ipu co-
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Comparing the results of clinical check-up and radiogra-
phic data with the results obtained by CT, it was defined
that the regenerate zones with the density of 70-80 HU
and more can be evaluated as high mineralization zones,
the zones with 60-70 HU can be referred to good mine-
ralization ones, 50-60 HU density zones can be called sa-
tisfactory mineralization zones and the areas with the
density below 50 HU would be defined as the zones with
poor mineralization.

MOCTaBJICHUN PE3YIbTaTOB KIMHUYECKOM MPOObI, JTaHHBIX
pentrerorpaduu ¢ pe3yabTaraMu, MOJYYSHHBIMU TPU
KT, onpeneneno, yTo 30HBI pereHepara ¢ moka3aTess MU
nnotHocty 70-80 HU 1 BbIIIe MOTYT pacLiEHUBATHLCS Kak
30HBI C BBICOKOM MHHEpanu3alueil, ¢ MOoKazaTeasiMU
mrotHoctH 60-70 HU- kak 30HBI ¢ XOpouied MHHE-
panuzanueii, ¢ nokaszaremsiMu mwioTHoctd 50-60 HU -xax
30HBI C YIOBICTBOPUTEIBHOM MUHEpaIU3aLUEH, ¢ II0Ka-
3arensMu miiotHoctu MeHee 50 HU kak 30HBI ¢ Heyno-
BJIETBOPUTEJILHON MHHEpaIu3aluei.
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