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ciyvasX KJIMHHUYECKHX TNPH3HAKOB HHCl)CKuHH Wjin €€ npeaone-
PaTHBHOrO yCTPaHEHHsi NMPOBOJAMIN KOHCEPBATHBHOE JICYEHHE.
Jinst 0GpasoBaHms KOCTH OCYLIECTBIISIN METaU3apHyHO KOPTH-
KOTOMHIO C mocneayrowen anctpakuueii no Mnusaposy, a y
OJIHOTO MALMEHTa BMECTO KOPTUKOTOMHMH HCIOJIB30BAIH COMYT-
CTBYIOWIMH HaAMBIIIEIKOBBIN nepenoM. 13 nauueHToB neHuIH
annaparom Mnusaposa st HapyXHO# ¢ukcaunu, 1 naumeHTa
sieunnn annaparoM Orthofix.

BoccraHoBieHHe KOCTH M yCTpaHeHHE HH(EKLMK G0 yerer-
HBIM C MOCJICYIOIMMH XOPOLIMMH (DYHKLHOHAIBHBIMH PE3YJlb-
TaTaMH, 3@ MCKJIIOYEHHEM OIHOTO MALMEHTA, Y KOTOPOro 6bin
aucransHeiii nedext. lnnna koHeuHOCTH Gbla BOCCTAHOBIEHA,
JIOCTUTHYT XOpOWHH (hyHKUHOHANBHEIN pPE3yabTaT, HO 3aKHB-
Jienue ObITO HEyNauHBIM B MECTE apTpoje3a FONEHOCTOMHOTO
cyctasa. OHOMY MALMEHTY MOTpe6oBanach MOBTOpPHAs OCTEO-
TOMHsI U3-32 MPEKAEBPEMEHHON KOHCOMMAALIH KOCTHOTO pere-
Hepara. Y Tpex NaluMeHToB ¢ npobJieMaMy 3aKHBIEHUS B 30HE
HCCEYECHHMsS OTMEYAIMCh PEaKUMH Ha ayTOreHHbIH KOCTHBIM
TpaHCIIaHTaT. Hu y 0HOro 13 naumeHToB He 6b1o npoGiem B
OTHOWIEHHH KOHCOJIMJALKMM KOCTHOTO pereHepara, a rocTas-
JICHHBIC TIEpE1 Onepaureii 3a1a4u no yUIHHEHUIO ObITH 10CTUT-
HYTBI.

Introduction: Tibial fractures may lead to non union, osteo-
myelitis and/or bone loss. Infected tibial fractures and non un-
ions require radical debridement of infected bone, and insuffi-
cient resection can result in failure. By use of distraction os-
teogenesis as introduced by Ilizarov it is possible to restore even
large bone and soft tissue defects. The aim of this study was to
evaluate the treatment in our department of tibial defects using
internal bone transport by the Ilizarov technique.

Material and methods: In the period 1991-95 15 patients, 10
males and 5 females, median age 32 (10-54) years with tibial
defects were treated by means of internal bone transport. Six
defects were infected. Treatment comprised a radical excision of
pathological bone and soft tissue, at the same time collecting
tissue samples for microbiological analysis. In cases with clim-
cally signs of, or preoperatively proven infection, a local appli-
cation of gentamycin took place. In infections antibiotic treat-
ment on a long term basis ajusted according to microbiological
analysis and weekly blood tests of ESR and C-reactive protein
was used. For bone formation a metaphyseal corticotomy fol-
lowed by distraction according to Ilizarov was performed, yet in
one patient using a co-existing supramalleolar fracture in stead
of a corticotomy. Thirteen patients were treated with the Ilizarov
external fixator and one with the Orthofix.

Results: Restoration of bone and eradication of infection was
successfully followed by good functional results in all but one
patient, who had a distal defect. Limb length was restored and
good function was achieved, but with failure of healing in an
intended ankle arthrodesis. Median lengthening index was 1,02
month pr. cm (0,57-2,13). Pin tract infections were noted in nine
cases, treated with local wound care and systemic antibiotics.
One patient needed a re-osteotomy due to a premature consoli-
dation of the bone regenerate. Three patients with healing prob-
lems at docking site responded to autogenous bone. grafting. No
patients had problems in consolidation of the regenerated bone,
and the preoperative aims for lengthening were achieved.
Discussion and conclusion: Treatment of large tibial bone
defects must be considered a limb saving procedure and a re-
storative procedure as well. The Ilizarov technique offers unique
possibilities for that. The technique for bone transport is a de-
manding and a long lasting procedure, which is often trouble-
some for the patient. We have noted a number of difficulties
during the treatments but few serious complications.
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Ipumenenne meroaa Nn3aposa nox KOHTposieM GpyHKIHH
Hepsa ¢ nomombio CCBIT

Ilizarov apparatus application under control of neural func-
tion by SSEP

Jnst pannero oGHapysKeHHs HEPBHOTO KOMIIPOMHUCCA, CBI3AHHO-
r0 C HAJIOXKEHHEM anmnapara BHEIIHeH (UKCALUKY Ha HIDKHHE H
BEPXHHE KOHEUHOCTH, MPEUIAraeTCsl NCMOb30BATh YIIPABJEHHE
HeBposoruyeckoii Gpynkunn ComaroceHcopHbIM Bo3byautenem
INTorenunanos (CCBIT).

Lllectnaecatn naTH nawyMeHTaM B Bo3pacte oT 5 10 17 ner Ha-
KNazpiBany annapar Minsaposa Ha HikHHE (60) 1 BepxHHE (5)
KOHEYHOCTH /Ulsl YIUIMHEHHS W/HIM HcnpaBiieHus aepopMaLuii.
Ton obeit anectesuelt MPOBOMMICA MOHHTOPHHT (yHKUMH
nepupepuueckoro Hepsa ucnonszosanem CCBIT auarHocTy-
ueckuM obopynosanuem Cadwell Excel (Cadwell Corp.,
Kennewick, WA). 3anuce oCHOBHOH nuHuM BO3GymuTENei
MOTEHUMAIIOB COOMPANINCh HEMOCPEACTBEHHO TMeEpe HANOKEHH-
‘eM annapara. B nocneayiouem 3anuck noBTopsiach B TeUEHHE
Bceit onepauun. bonee 10% npoao/nKUTENBHOCTH JIATEHTHOCTH
1 6onee 50% CHIKEHHS aMIUTMTYABI WIKM HaIMYHe 00EUX CUM-
TAI0Ch 3HAYMTENBHBIM H YKa3biBAlo HA MOBPEXKICHHE HEPBA.
OauH U3 HEPBOB MPOTHBOJIEIKAILEH KOHEUHOCTH TAKXKE HAXO-
JAWJICS MOJ KOHTPOJIEM BapHaOuJIbHOCTH BHYTPHOTIEPALIHOHHOTO
OTBETA W3-3a AHECTE3MHU MM MPOYHX (HAKTOPOB.

MonuTtopuHr ¢ nomoupio CCBIT oka3ancst TEXHMYECKH OCyLie-
CTBHUMBIM M KJIMHMYECKH HANEXKHBIM METOIOM JUIS OLEHKH
HEPBHOTO KOMIPOMMCCA BO BpeMs BHellHel GpUKCALIHA HIKHUX
W BEPXHHX KOHEUHOCTeH. JlaHHast MeTOaMKa MOXKET YCHIWThH
Ge30nmacHOCTh Orepauuii Mo HAIMKEHHIO annapaTtoB BHELIHEH
(bukcaunu, u TakuM 006pa3OM, MOXKET ObITh LIEHHBIM JOTMOJIHE-
HHEM K XHPYPTHUYECKOMY HHCTPYMEHTAPHIO.

Intoduction: Acute nerve injury is an uncommon but trouble-
some complication of external fixation. For the earlier detection
of nerve compromise associated with external fixator application
on the lower and upper extremities, we proposed to use intraop-
erative monitoring of neural function by Somatosensory Evoked
Potentials (SSEP).

Method and materials: Sixty five patients, ranging from 5 to
17 years of age underwent Ilizarov apparatus application to the
lower (60) and upper (5) extremities for limb lengthening and/or
deformity correction. Apparatus was applied to the tibia in 33
cases, to the femur in 23 cases, to both tibia and femur in 4
cases, to the humerus in 2 cases, and to the forearm in 3 cases.
After the induction of general anesthesia, peripheral nerve func-
tion monitoring was commenced by using SSEPs with Cadwell
Excel diagnostic unit (Cadwell Corp., Kennewick, WA). Deep
peroneal and posterior tibial nerves were evaluated in the lower
extremities. In the upper extremities, median, ulnar, and radial
nerves were assessed. For the stimulation, a pair of Nicolet nee-
dle electrodes was applied subcutaneously over the each exam-
ining nerve in the lower tibia or the lower forearm. Stimulus
Intensity was set to 30 mA and maintained stable throughout
surgery. Square wave pulses with a duration of 100 psec and a
frequency of 4 - 5 per second were delivered to the nerves for a
total of 200 repetitions for each resulting signal. The waves were
passed through band-pass filters of 100-2000 Hz. Evoked po-
tentials were subsequently recorded by the same type of elec-
trodes at the popliteal fossa, lumbar and anterior cervical areas
for the lower extremities and at the Erb*s point and anterior
cervical area for the upper extremities. Baseline evoked potential
recordings were generated right before the apparatus application.
Further recordings were continuously repeated throughout sur-
gery. More than 10%) latency prolongation and more than 50%
amplitude reduction or both were considered significant and
indicative of nerve injury. One of the nerves of opposite extrem-
ity was monitored as well for control of intraoperative response
variability due to anesthesia or other factors.

Results: Significant deterioration or total loss of peroneal nerve
SSEPs during apparatus application to the lower extremities
occurred in 4 cases. Two of these patients were preoperatively
normal and had symptoms of neurologic deficit postoperatively;
the other two suffered exacerbation of pre-existing neuropathy.
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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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