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Wire-related nerve injury was identified in one of these cases,
whereas in the other 3 patients osteotomy with acute deformity
correction appeared to cause the problem.

During apparatus application to the upper extremities, radial
response attenuation was identified in 2 instances. No corrective
actions were performed in one of the case which had humeral
frame application, because changes did not reach criteria of
significance. The patient experienced symptoms of sensory
radial nerve deficit postoperatively. In the other case with fore-
arm frame application, immediate wire removal was undertaken
after the detection of response abnormalities. This resulted in
substantial response restoration and prevention of postoperative
nerve dysfunction.

Conclusion: SSEP monitoring was demonstrated to be a techni-
cally feasible and clinically reliable technique for the assessment
of nerve compromise during external fixation of the lower and
upper extremities. The technique may improve the safety of
external fixation procedures, and therefore can be a valuable
adjunct to surgical instrumentation.

XoHe JluH, [xoH I". Bepy, M. Cam4vykoe (CLUA)
Hong Lin, John G. Birch, M. Samchukov (USA)

Ioceonepaunonnoe odciiexoBanue - Goapiue GyHKumii B
KOMIIbK)Te[)HOﬁ CHCTEME NVIAHUPOBAHHS MPH HCNPABJ/ICHHH
Aedopmanuii HUKHHX KOHEYHOCTEH ¢ NOMOIbIO
KOMMNbIOTEpa

Post-surgery examination - more functions in computer-
aided planning system for lower extremity deformity correc-
tion

Co3naHa KOMMBIOTEPHAsl MPOrpaMMa, MO3BOJISIOmIAs [IAHUPO-
BaTh MPOLIECC HCMpaBieHust AeopMaltil HWKHUX KOHEYHO-
CTCH.

[IperonepauoHHOE MIaHUPOBAHUE YCTPaHeHus aedopmauun ¢
NOMOLLBIO KOMIBIOTEPA C NMPUMEHEHHEM ammnapara Minsaposa
MOXKET 3HAYWTE/BLHO MOBBICHTH IIAHCHI HA ycneX W 00/eryuTh
MPOLIECC NMPUMEHEHHS. Bpems, 0TBOAMMOE Ha CO3JaHNe KITMHHU-
YECKN BEPHON KOHCTPYKLMH, 3HAYUTEJbHO YMEHBIUAETCS MpH
NPUMEHEHUH TIPEONePaLOHHOM MPOrpaMMbl TJIAHUPOBAHMS.
K pauce coznanHoil nporpamme 106aBNeHa CHCTEMA TTAHUPO-
BaHNsA (hYHKUMOHATBHOCTH MOCEONEPALOHHON BBIBEPKH. DTH
(GyHKUMM  MO3BONAIOT MOAMPHULMPOBATE MPEAOTIEPALHOHHBIH
1aH ¢ TeM, YTOOB! 00JIEE TOYHO OTPA3UTh OCTEOTOMMIO H T0JI0-
JKEHUE KOHCTPYKLMH, NCHCTBHTENBHO AOCTHTAEMbIE BO BpEMs
onepauuy. OTo, B CBOIO OYEPEllb, MO3BOJISET CIIPOrHO3MPOBATH
NpOUECC yCTpaHeHHs Ae(opMali Ha BECh MEPHOI JICYCHMS,
UCTONB3Ysl MpPEIBAPUTENLHO COOPAHHYIO KOHCTPYKLIMIO, CO-
CTaBJICHHYIO TPH NPeIoNepaLMHHOM MIIAHUPOBAHHH.

Abstract We have previously reported here the development of
a computer assisted surgery planning system for lower extremity
deformity correction using the Ilizarov method. The hardware of
the system is composed of an ultrasonic digitizer as input de-
vice, a HI plotter as output device, and a 386 / 486 Personal
Computer, SuperVGA monitor, and a mouse. The main program
is a menu- driven 2-D graphics program dividing the planning
procedure into several major steps. More functions have been
added to our program: Post-Surgery adjustments and Examina-
tions. Since it is very difficult to make the osteotomy and place
the external flxators exactly as they are planned in preoperative
stage, thé post-surgery adjustment is necessary to observe and
predict the correction process. The functions of these additional
components to the program include the modification of os-
teotomies and adjustment of the placement of the external fixa-
tor.

Introduction

In applying the Ilizarov technique for the treatment of lower
limb deformities, external fixators are used during the whole
treatment process [1]. There are three phases involved. The first
phase consists of preoperative planning of deformity correction
including frame preconstruction. This phase is greatly aided by
our original computer program which determines the weight-
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bearing axis of the bone, allows development of a strategy for
deformity correction using up to three osteotomies, and provides
specific information regarding the geometry of the precon-
structed frame and the rate of deformity correction. The second
phase is surgery when the frame is fixed on the deformed bone
and the bone divided. In the third phase (correction), the relative
positions of the frame components are changed at the prescribed
rate. In this way, the deformity of the bone is gradually cor-
rected.

It is very difficult for the geometry of the osteotomy or the posi-
tion of the preconstructed frame as predicted from the preopera-
tive planning phase to be exactly reproduced at surgery. So, it is
essential that the computer-aided planning system is able to
change the level of the osteotomies and adjust the position of the
external flxator to mimic those actually achieved at. Only in this
way can the system mimic the actual correction process and
examine it frequently by comparing the x-ray film and the in-
formation provided by the system.

Functions Implementation

Two Functions have been added to the system in order to per-
form the post-surgery examination, "Osteotomy Adjustment"
and "Frame Adjustment”. The function "Osteotomy Adjustment"

‘allows the user to change the level and orientation of each os-

teotomy from the original ones created during the preoperative
planning phase. To effect this function, the operator opens the
original, stored preoperative plan and alters the preoperative
osteotomy site and orientation to reflect the actual osteotomy
created during the surgery phase.

The function "Frame Adjustment" allows the user to move the
preassembled frame now fixed to the bone during the surgery
phase in the 2-D plane corresponding to the bone deformity
plane. The movement of the frame is performed in two steps.
First, the entire frame may be shifted by pointing the cursor
anywhere in the area of frames and holding the mouse. When
mouse moves, the whole frame will move along with the cursor.
The second step is rotation of the frame. The rotation center will
be at the point where the cursor pointed when shifting the com-
ponents. The combination of shifting and rotation can be used to
achieve repositioning of the frame to any orientation in the
deformity plane.

Fig. I shows the presurgery bone shape with intended frame
construction, orientation and osteotomy site and geometry. Fig.
2 shows alteration of the osteotomy level and orientation of the
frame on tibia, using the "Postoperative Modify" feature of
program. Fig. 3 shows the result of angular correction with the
modified osteotomy level and frame location on the bone after
surgery.

Summary

Computer-assisted preoperative planning of deformity correction
using the Ilizarov apparatus can greatly enhance the success and
ease of application of the process. The time spent creating a
clinically appropriate frame is significantly reduced in our expe-
rience using the preoperative planning program. We have now
added the post-surgery adjustment functionality to the planning
program. These functions allow us to modify the preoperative
plan to more accurately reflect the osteotomy and frame location
actually achieved during surgery. This in turn allows us {o pre-
dict the deformity correction for the whole treatment period
using the preconstructed frame developed during the preopera-
tive planning.
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KoCTHbIE TPAHCIUIAHTATHI H 3AMEHHTE/IH NPH
nepemMeIeHHH KOCTHBIX dparmenTon’

Bone grafts and substitutes in llizarov bone transport

Llenb MccnefoBaHUs COCTOsANA B TOM, yTOOBl OLCHHUTH Pa3JIvy-
Hble BH/bl KOCTHBIX TPAHCIUIAHTATOB W MCKYCCTBEHHBIX Mare-
pHAOB, NIPUMEHSIEMBIX 1T HOPMUPOBAHHS KOCTHOTO pereHepa-
Ta.

TTpoBeneHo 4 rpymnbl SKCIIEPUMEHTOB Ha 11 3peneiX KacTpupo-
BaHHBIX Ko37ax: rpynna [ (2) - perysisuus KOCTHOH PE3CKUHH]
rpynna II (3) - HCTIONB30BANCS CBEXKHI ayTOreHHbIH KOPTHKAb-
HBIil KOCTHBII TpaHcnmanTar;, rpynna Il (3) - kocTHbIH an-
JIOTPAHCIIAHTAT, CTEPHIIM30BAHHDIA B OKHCH JTHJICHA; rpynna
IV (3) - KOCTHbIii 3aMeHHTeNb KOPALIOBbIH THAPOKCHANATHT
(npoocteon 500). CranpapTHblii annapar HnusapoBa ¢ aByms
60KaMH TI0 JIBA KOjlbL@ HAKJIA/BIBANH Ha ro/IeHb, PesenupoBa-
1 30% auadusa GonbueGepuoBoii kocT. HankocTHHua Obina
peseurpoBana M3 001aCTH MEPEMELICHHA. [{unuHApHYeCKUi
6nok 20 MM JAHHONM W 12 MM B QHAMETPE M3 MEPEMELLAEMOro
matepuana ObUI CKOMIPECCHPOBAH C OCTaBIIMMCS KOCTHBIM
dparmentom. TpogonsHoe nepemetenne 1o 0,25 MM X 3 pazaB
JIeHb HAUMHAIH Tocae 7-21 JHel NaTeHTHOCTH M NPOJOJDKAH

? Mpumeu. pen. DKCrepUMEHTbI Ha XHBOTHBIX C NEPeMELIeHHeM ayTo-, anio-, Kee-
HOTPAHCHCIUIAHTATOB M METAIHYECKHX KOHCTpyKUMiT Ans GOPMHPOBAHHS NHCTPaK-
LHOHHOTO pereHepata Bhimontenst B PHL[ “BTO” ewe B 70-80-x rr.
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70 nneii. Tlepuon dukcauuy nocjie NepeMeLeHHa coCTaBui OT
6 no 8 wemenb. -

PesyabTarbl. B rpynne I nedekr y *KMBOTHOTO C MONHO# ne-
PHOCTANIBHOI PE3CKLMEN 3aroNHANCS (pnOpo3HOIi TKaHbIO, B TO
Bpems Kkak je(ext y KHMBOTHOMO, y KOTOPOro NEPHOCT CoXpa-
Hancs, Gbin yerpanen 3a 168 aueit. B-rpynne Il y suBoTHBIX C
MCTIONB30BAHHEM ayTOTPAHCIUIAHTaTa W 7-AHCBHOW NATEHTHO-
cTH 00pa30BaNCs THIHUHBIH KOCTHBII PEreHepar Mexay HCXOl-
HbiM 1 mepeMeinaeMbiv (parmentamu. B rpynne Il n IVy
SKMBOTHBIX G 7-IHEBHOI JIATEHTHOCTBIO KOCTHBIf pereHepar
06pa3oBancs TONIBKO M3 COXPAHEHHOIO (hparMeHTa KOCTH, a HE
u3 nepememaemoro marepnana. Ilocne 14 n 21-nHeBHo# na-
TEHTHOCTH pereHepaT o0pa3oBaics M OT COXpaHeHHOTo (par-
MEHTa, 1 OT MEpPEeMeNIaeMoro MarepHana. ¥ >KHBOTHBIX Il ulll
PYNN ¢ MCIOJb30BAHHEM AYTOTPAHCIUIAHTATa M AIOTPaHC-
[7aHTaTa MEpEMeEIaemMble (PparMeHThl B XONE MEPECTPOiKH
CTAHOBATCS OCTEONEHMUECKUMH, YTO MPUBEIO K MeperoMam B
HECKONBKHX clyuasx. Y KMBOTHbIX IV rpynmsl KOpasIoBblIi
vaTepHa He pe3opOupoBasics B TeYeHHE BCEro nepuosa neee-
JIOBAHHUS.

Introduction. In 1969, G.A. llizarov described a method of
filling long bone defects by a technique of internal movement of
an intercalary fragment known as bone transport. The technique
involves a bony division of one or both intact bone fragments
and generation of new bone by distraction of this adjacent seg-
ment of bone. Although bone transport has become an important
reconstructive tool for the orthopaedic surgeons, this method
still has some limitations in the treatment of fractures with se-
vere bone loss, osteomyelitis, or tumors, in cases of very short
length of residual bone stumps. The purpose of our study was to
evaluate different types of bone grafts and artificial materials as
intercalary transport fragments.

Materials and methods. Eleven skeletally mature neutered
male goats were used for this study. They were randomly placed
into one of the following four treatment groups: group I (n=2),
bone resection control; group II (n=3), fresh autogenous cortical
bone graft; group III (n=3); allograft bone sterilized in ethylene
oxide; group IV (n=3); bone substitute coralline hydroxyapatite
(Pro Osteon 5ffl) ®. A standard two double-ring block Ilizarov
frame was secured to the tibia using six 1.8 mm wires. A resec-
tion of 30%) of tibial diaphysis was performed using two pre-
drilled corticotomies. The periosteum was resected from the area
of transport. The 20 mm long 12 mm diameter cylindrical block
of transporting material was compressed against the residual
bone fragment and secured by two cross wires to the fifth ring of
the external fixator. Distal longitudinal transport 0.25 x 3 times
per day begun after 7-21 days of latency and continued for 70
days. Fixation period after transport was 6 to 8 weeks. New bone
formation was evaluated radiologically at weekly intervals dur-
ing transport and biweekly during fixation period. At sacrifice
bone regenerate with adjacent fragments were removed en-bloc
for the histological evaluation (pending).

Results. In group I, the defect of the animal with complete pe-
riosteal resection contained fibrous tissue, whereas the defect of
the animal in which the periosteal sleeve was left intact had
completely filled in with bone by 168 days. Group 11 animals
using autogenous bone transport and a 7 day latency produced
typical bone regenerate between the original and transport frag-
ments. In group Il and IV animals using a 7 day latency, the
regenerate new bone formed only from the host fragment and
not the transport material. Following a 14 and 21 day latency,
regenerate new bone was formed from both the host fragment
and transport materials. In the autograft (group 11) and allograft
(group 111) animals, the transport fragments became osteopenic
with remodeling resulting in fracture of the fragment in several
instances. In the group IV animals, the coralline material was
not resorted during the period of study.

Conclusions. Transport using fresh autogenous cortical graft
after 7 days of latency produced typical bone regenerate found
with distraction osteogenesis. Using bone allograft or coralline
hydroxyapatite and a 7 day latency, bone regenerate formed but
only at the host fragment along the vector of traction. With a 14-
21 day latency, typical bone regenerate formed using either



