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The Treatment of Infected Nonunion by the Ilizarov Technique

You Sung Suh, M.D., Yo Sup Wee, M,D., Soo Kyoon Rah, M,D,,
Chang Uk Choi, M.D,

Department of Orthopaedic Surgery, College of Medicine, Soonchunhyang University,
Seoul, Korea

The goal of treatment in infected nonunion include the elimination of infection,
deformity and defects as same time as obtaining union. It is very difficult to obtain
union and to correct deformity, infection and shortening in infected nonunion. The
purpose of this study is to review the results of treatment of infected nonunion by
the Ilizarov technique. Nineteen patients with infected nonunion were treated using
Ilizarov external fixator from july 1991 to September 1993. Seven patients are under-
going treatment until now, so those were excluded from this data. Twelve patients
were achieved bony union. Eleven cases were united and one case was failed with
Nlizarov external fixator. We analyzed twelve cases. There were eleven males and one
female, eight tibias and four femurs. Bony union was achieved by direct compression
in six cases. Six cases were treated by bifocal osteosynthesis, but five cases were
achieved bony union and one case was failed. So, we achieved bony union with
intramedullary nailing and bone graft.

The results were summarized as follows;

1. Eleven cases of infected nonunion were united with Ilizarov external fixator. The
mean time to union of infected nonunion site was 10.8 months.

2. The average bone lengthening of six cases was 64mm, ranging from 15mm to
110mm.

The healing index averaged 1.64 month/Cm.

3, The bone results were excellent in six cases, good in five cases, poor in one case.
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The functional results were excellent in four cases, good in seven cases, fair in one

case,
4. In all cases, we experienced difficulties.

So we concluded that Ilizarov technique for infected nonunion is a valid procedure

for control of infection, union, bone defect and deformity.

Key Words : Ilizarov External Fixator, Infected Nonunion.
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B/ EFAe A¥ B3 (hypervascular
type), F8#3¥ (avascular type) &E AU,
Z A& (defect), T W3 (deformity)el w&
Paley5e %, 22z 794, WAEHFTLE
Ura 2 B7o we Aadds B zeo|rt 9l
th 53], 94 EAE A, 2EE, ¥y
%

ge EAEE SWatn glo} Amd ol2igol
Bol ofeizkx Aawgel A7 WA grh

19524 €] llizarov #7171& o] &3l & d%
&, Wywy, 34 2 1 §H5] 8T B2 3
ozt ggo g3 glen, 53 BAA EBH
oA F& AWES Hu stn kA0 2dA
ERgelrel HgAle 2 Aol Fxrt A3 AR
(sequestrum) ©] §1& A= lizarov HY7I71E
o] &3t BHEHS deH(compression) LR F
FHE sty FHAF ARl UASAe 22F
A2 AAEE AlFsta, o AeE Bde A
A AZF A (distraction osteogenesis)®'”& ©]43}
£ Y4 94 (internal lengtheniing) 2, 3tAIG
Zo] Fute odE BN uH(compression) ¥
A< (distraction) 3He WEelv, #A AFE (cor-
ticotomy) #& 4193l 3A] Zolg EHsle 9
2 AAE (external lengthening) 2 AE&3 S}
‘:]_. 16)

2 Yo e 19919 FE oz ¥
IlizarovA 271718 ol &stx qlon, 53] #aA
BRed F2 ARE A7l 1985 EA7A
T Rio] o|FoA 12818 FdnEe ¥ Enst
£ ulelt},

AT T

1991 F¥ 249 ZAIALQHNA Ilizarov H€}7]
718 ol&3tq ARF HIA ERE 19:8F THe
A7A NlizarovA 217171 &3k Jom &%
2MEANA 13 A7 2 FFEo] ofF o] F
o] AAgol, FRFo] olFoi 128E iR
B3 74 Eo] 8al, dE o] 48Tt AFEZE
254 Y8 66M71A 2 Bt 46491, 20 - 30th7}
9deow Hoton, AUEXE d2b7} 119, ozt
1ot &4 998 agAta 108, FdAtzrt
18, FAta 1A 5, B WA U8 F &
oz AYd FA} gHoIu, FIEIA N
o] 72, #HHAd FHe] 58t

A Z-L Gustilo typeo2 731 type
117} 38, type IIA7} 18, type IIIB7} 28,
type HIC7} 1893, Z7|X 8¢ llizarovE A3
2] & AN A BRFeE JPdE HdA
on MY FHe 79 ZrIXgE HnF 717
& 3¥, 4% 23¢e 3@ ¢ 2dAaz gy
28 AWA BEYIde 2 2SS HoHA F
FEE ZTAJT 40E A3t 2o g FHYE
1Ak £43A AN 24 59 Zr|Xse 5
2 243 a3e 2d 2 5% 13 3890k
llizarov Algd o] Alghe o7t Btom
ZA 49%F ALY 1HE AT 1184 13)
7F 3%, 237} 4%, 3317} 39, 537 1Moz
1 2.33)4t} (Table 1).

X2 gy o

]

T

4 F llizarov A£)7]7] AlEA7R 7]17He
H 49X HA 3970L7R) B 14. 970 0]
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Table 1, Case analysis

Case Sex/ Initial Fracture** Injury Initial*** No. of operation

No Age site* type mechanism Tx Prior to Ilizarov
1 M/39 Tibia (D, S,C) 01l TA Pt 1
2 F/36 Tibia (D, C) 01l TA E.F# 2
3 M/31 Tibia (P, C) [VR117:N TA Pt 3
4 M/40 Tibia (P, M, S) C TA IM 1
5 M/34 Tibia (D, C) 0 IIIB TA E.F 2
6 M/59 Tibia(M, C) C TA Pt 3
i M/34 Tibia (P, C) 0 IIIC TA E.F 5
8 M/26 Tibia(M, C) 01l TA P# 3
9 M/25 Femur (P, C) 0 IIIB Explosion T# 0
10 M/30 Femur (P, C) C Fall down LM 1
11 M/66 Femur (M, C) C TA P# 2
12 M/30 Femur(M, C) C TA P# 2

*:D-Distal M - Middle P - Proximal C - Comminuted S - Segmental

** 10 - Open C - Closed

# : Refered from other hospital

A3, A94 BEAE £28& 2929 lizarov €
71 FE 2, 3, 7€ ¥ W&l HeA 6, M
4, 307Mg A= eH, 93HE 5 el A%H
2 Utk Ilizarov A 71716412 Paley A2 &
f3 ERO2 Hol AF 8dle Al 18, Bl 14,
B2 42, B3 28t dEF B/ gdle A @
9 e 18, 2 A& 9 3x d3o] e 24,
32 @& g 7 Aol Fwtd 18 olF 69
T d9es MNP 18 0.25mm¥ 19 43 &
et} B3R 94 HEoz2 FREE AEIHA
t}. 1% 5dl+ 10mm, 15mm, 15mm, 30mm,
45mme] A &Fg Bgoy EAZES ARt
A 29k 1 o)+ 10mm, 15mmel de B3
d 2 Aolzk A1, 30mmel @& o shiA
AET 9% 27| gle EAE 248 A, R
5 9% 4 5% nged F o|¥eg Ayt
2 10mm A 2Fo] Yol F IS APA
Ftor, 45mm @&de FR7E 4R gol A
YA gdn, 6dle ol FZFHTE (bifocal
osteosynthesis) & Al#3le 839, TIA
EREE FHTL 11894 oFAen 13 (case
9= 1IHYEF fio] o]FoJ7 ez Ba AAE
& NP EFFel U9 6FF FFA F
%3 13 F o4& AAA {FEE 1R
k. 1:E AT 119 /T AD 4579
AN HA 1671492 HaE 10.570€09m, °FF

! E.F - External fixator LM - Intramedullary nailing P - Plate T - Traction

FEES AP F FHe 42 539 FRES
Ho 4570904 A 1670€E HF 10.571¥0)
A3, olFEFHEPET AP F /TS J& 58
E HG o/l HF 1571€8 HF 11.274¥0]
it} (Table. 2),

olFEREFE S AAY 6 transport B
lengthening& 3ol 3h, Ul A4&T A
B o7t 23, & AFET AYJE o7} 28 2
gl U3 g 9F 2ddsS A7 ¢t 282
Fdl7t AojA, 8oy YT AFEE T3
A3ttt WA HF < (corticotomy) & AF 43
F SRA 18, A9FolA 38 AlAsI L, o
5T 2de Y%A Aldsgen, A HAIe
e 295 2 995 Aol 1AL vhA kg
Alggsted 2mm ool HEE FAFEE ddn
H3 AZeAe 3% € 59 &4E Eoled
Z4& Aok FAE7E 790] 53, 10de] 18]
At Z AFL 139 0.25mm¥ 1Y 43) A33
o Imm/day®] 2dFE A=E Algsigied, &
o] AL ANPF 6N E HA 15mmelA Hn
110mm& #H# 64mme] Ho] AFL Aew,
Imme] Zeo| 43¢ 98 1.39¢] 288z, &
#3< 9% Docking site®] Zo|4& 3aldlA A
Fagovt S8 9= AEHA Fuch T AFR
H# Healing index® 1.64(month/cm)°lth
(Table. 3).
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Table 2, Summary of 12 patients treated by the Ilizarov technique

Case Period from Initial problems* Treatment** Union Final

No 1inj. to Ilizarov time problems

1. 6M S;10mm C 16M 3;10mm

11M Ant. wedge D.;20mm, Val. Ang.;10° B 6M

3 6M D;105mm, S;5mm, Ant.Ang.;:20° B 14M S;5mm, Ant.Ang. 6’
4 6M S;48mm B 8M Val. ;20°

5. 10M S;30mm C 8.5M S;10mm

6. 34aM Post. Ang.;15’ C 4.5M

7 39M D;65mm, S;45mm, Ant.Ang. ;20 B 15M Ant. Ang. ;20°
8. ™ S;15mm C 14M S;15mm

9. M D;57mm, S;27mm B -# S;20mm

10. 9M D;28mm, S;24mm B 13M

11. 36M S;45mm C 10M S:;45mm

12. 11M S;15mm, Post. Ang. ;15 C 10M S;15mm
Mean 14.9M 10.8M

* D - Defect S - shortening Ant. - Anterior Post. - Posterior Val. - valgus Ang. - Angulation
* + : C - Compression B - Bifocal osteosynthesis
# : 18M - Bony union after I. M. nailing

Table 3. Analysis of the cases treated by bifocal compression - distraction

Case Corticotomy Latency Lengthening Length. Docking site Consolidation Healing

No site* period (Type**) day bone graft time index (month/cm)
2 Tibia P 7D 15mm (E) 15D - 2M 1.33
3 Tibia D 10D 105mm (1) 142D + 24M 2.28
4 Tibia D D 48mm (E) 58D - 8M 1.67
7 Tibia D 7D 110mm () 136D + 18M 1.64
9 Femur D 7D 64mm (I&E) 94D + 11M 1.72
10  Femur D 7D 42mm (I&E) 65D - EM 1.19
Mean 64mm 1. 3D/mm 1.64

*» ¢ P - Proximal D - Distal
* + 0 ] - Internal lengthening E - External lengthening

Table 4, Results

4 o Case No. Bone result Functional result

. 1. Good Good

Paley 23 EM%cz2 2 §3 Z#(bone 2. Excellent Excellent
result) ¢} 7153 A3 (functional result)® ¥t ‘31 g);ggllent ggg

343, 7153 Ade dESAe 84 IS A 6 Excellent excellent

N N 7 Good Fai

Y Ud 2B 73 24 AEAUD. T 4% 8 Bvoellont Facellent
AFde 7t 68, ¥t 59, BRE 1Ee 9", Poor* Good*
ggoz BRIV JI5A A 1471 49, o cetent oo
; 11, Good Good
37}t 78], HEo| 139 Table 4), 12 Excellent Good

* After union by secondary intramedullary nailing
HHE U XE
A AR e, Garde I, II A=A & 713
llizarov A% ZE ool EAlHe] Aden F HA3 &AL B < (wire breakage) 1
A F¢ 4% (pin tract infection) & 1223 2% e A Adstdct. 27] 78 (premature con-
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solidation) 1#le F# 1022 E¢d AHEE
{incomplete corticotomy)©°] ¥glelel A HF
=& NF3 AdsHm, A F A3} (delayed
consolidation) 18l %@ 322 accordian
maneuver’2 R3] Ad T YL FAANH
o, B oW Ay lale FE 42 llizarov Al
A7171gAl v Fel B/ &270] Ho v AIE
< AlAElA] g 4ldsted BAYF Aoz AtaEHH
2PEE FRdgoy st st gk 28
7% (muscle contracture)e AN &#H
T dEIZF Adg 43 2504 FEs oy
3dle AnAr7] AAF FEH3 BeX85oE B
g e Az, 18l ¥ 9= 152y &5 9
A BHo FPHFo2 ERHIIAL. FHH AF W
g 28 AEF A4 ANE A deA TAEA
o Z# 3, 72 105mm, 110mmse] Fde] &
3l9% @lZ foot assemblyE o]&sle] WA Y
o, FHFoez BRI EFY loe FE 92
llizarovA #7171 3F 117/0€e] A /5 &70]
Holy AZo} AAEE APy, B/ 422
& Ho 653 ZF7H FEHEFT Tl e WY

3t ERES oA (Table 5).

Table 5, Difficulties and complication

Difficulties }
. Pin site problem 12
. Wire breakage
. Premature consolidation
. Delayed consolidation
. Valgus deformity of lengthening site
. Muscie contracture
knee extension contracture
ankle equinus
Complication
1. Nonunion 1
2. Knee extension contracture 1

SO Wb
e

N w

Za oAl

&8 1. (case, 3)

314 E& B2 uF Az A3 FAE AT A
A EEE S5 2SS Aoy, #de
2 933 7171% ¥ rotation flapg Al&sIqevt
Aoz o g oF T0mme #7718 AES B F
WEe glol 270§ Az 7171 AA F, FE

"] o]4& (Vascularized fibular bone graft) &
Algatg oy, A9 4% B Z o4R § &
HE 848 2% AA3Z ¥ wie 2e
llizarov ML7171& A&}, AleA] EAHL
AE 2979 F Z2<¢ 105mm, 9% 5mm, AW
Z Ay 2052, $4F 6718 Ilizarov A 9)717]
& ANYstn, 9% HA"IES AT 0L,
A8 102 ¥ 3% 1lmm ¥ 430 Ureo] 24
e Aoy FHAdol mgdted Accordian
maneuver® o] &3led 1429 %o 105mmel Zeol
Ae duh. Al 6719 F Docking sitedl
Bone graftZ Al33td llizarovAl3d 14719 &
FEE FRES Ao} F9PR F 35 AQe
2 FEF 2471949 Tlizarovd 71718 AAAL
), Healing index: 2.28°10x HF W3e 3
2 &% 5mm, AW zt WYPol ¢ 6% FolUAck
(Fig. 1).

Zel| 2, (Case 5)

344 @& AR aFALE $5 AE 493
M 242 A 13 771eE Adsigey B
F8E 47 Rdn 95 2o Btsol £4F
10709 H Ilizarov AY7171€E AgstAct.
llizarov A #}7171€ AlAWA] 30mme] ©&el U
ouv BH FE 94 45 270 gle ERE A&
Aoz F45B &L Aoy AleA ¥
2.2 10mm9] 32 FF o] Ilizarov Ale¥e
AF=S AYsA gken 8AY W ARF T4
&< 4ol llizarov HMY7171E& AAAS (Fig.
2.

& 3, (Case 9)

254 Ex B2 g% 2dAue A A& o
HE Az Y 2H2E € 2EE0E g
WA BEA X8 FAAE At 419
¥ 2doz AdHAY, F wiE: 2 F A¢
5Tmm % @3 27Tmme| EAH 22 llizarov A9
7171 2 dEZ 495 A3-EFEE AYRE,
ZAE7] Td F R 3% Imm¥ 439 Yo
Zo] A& AT 94Y Bt 64mme] Zol &
FE 4

llizarov M7171& A 5709 F A7 Io)
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Ag YR Docking sitedl Al33Etn, 11719 %

ZREE Ad IAFE 2 Docking site®] %
gol FHUGm "31}5]°1 Nizarove AA3R e
AA3 B/ 24E B 65F FFH 253
€92 ‘“°]’4-‘L Al 7L E2RY Qo] 5
W 2453 E AAY R &8 18714,
T3 3e 117}]%5 Healing indext 1.720]1%1
o 20mme] @&o] 3UAx £ AA EHf
7} dolglth (Fig. 3).

o
BAde Ay #d, 2EE E9¥, 2T
3 Ayz &4, 8, AEEY 5 e A
o]

ol Fd A7t Slem AHAY BRY AFHL

J

A9e Aasua BREL IFE TN WYL
FASEUUT, old@ e BAPE X mstdo}
7lol Be AR Wyel a7islo] gowl, We

Fig. 1- a, There was 105mm
of bony defect being devel-
oped after debridement of
the infected lesion.

b. With bifocal osteosynthe-
sis(internal bone transport)
and bone grafting at the
nonunion site. Bony union
was successfully achieved.

c. Leg length was equalized
and full range of motion of
the knee was regained.

ol27] 7A Fe}?

Zold (closed bone graft) 22 Kirk'”e
65.8%, Freeland”& 100%, ¥4 <14 (open
bone graft) 2 Green®& 83%<] I ’E}-"— o) £
ttz &3 Rosen”& WaAe 3 F ol¥o=z
83%9 ¥ F#E olFAttx ), °] @34'—:‘9- 2]
8% Z¥YoY 3R] dFel diF rlee gith
Freeland®Y} Reckling%s"?€ 2cm ©) "‘4 2HE
o] &go] Erlx st e Weiland” v #3 %3
o]4] & (vascularlized free tissue transfer)®
87.5%9 AF& B33, Brayt Goldstrohm
0L AANE ol g3l A ERES 283
Aotz Budlz 9lew Green”, Cattaneo®’<
llizarov A&71718 o] &3l F2 2FAES B
a3 Qo

F 2<% 294 B/ X8 oM e M9
7171 M87F fEsitkn A ded dny 717
E o] 83 mAwHe #HE IR ¢gx 4

d|
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RS HHAY & olN BH 2o yWIL
29 4 2, AAE ANSAY 2520 4 &
Ay & glond, Ao nHBo| EASA %
sog ZASE A3 2he) Yoo we} 5 ghu
g JlE 4 o) THEL 2L B ol 2
Aorol wat gt AdEo] bsain, Bhel 3
29 ¥y nRe foldl ¥4 U P o
duP&e 3 WY o= IlizarovEdle] o] &5
Qe Jle AL AgHo M NRe 2z
g Aol A T WAe) ZPo| Kolshe 2z}
WY, Wolwd 2 AN g FAAHA @
e AANAYETH TN @ 4 glon, =3 4
gHoz AWY And FA2A IPYL 4A 8
WA 3718 AN HLES fsed TA4s 2
A% e 2AsAHT

llizarov'"& 1.5cm olste] Zgrzo] gutg 2

-

-

e —
]

- =
- .
=l

= —
e
—

Fig, 2- a, Open comminuted fracture
of both tibia

b. Monofocal osteosynthesis(direct
compression) with Ilizarov external

fixator.

¢, Infected nonunion was healed with
Ilizarov external fixator on the right
side and with plate fixation and bone
grafting on the left side.

F&e NE5AL BRIy F@Eo| 1.5¢cm °l
A Bte ERE 3oy B g BH
ot stk 2w, AAA BRF(stiff non-
union) 9] XgHF e glolM BH 2P AL F
Z 1 (longitudinal compression), AM13 2§
el 34 &9 <hdl(side to side compression)©]
gesdiy, zt Wye] Fute A$oe gt 2 A
o] FAld dgaslttu st SveshnikovE™ &
HAAZgo] A ERFl FE /A 24
& FA8 oA 2L A} Yddn stge
o E9Fo] FutE do) BT o] &S5 310
32 AdeAldl 22 R JFFNa LY e
€ HE3n ¥ A2eS Agstn 59 WA 79
T 71t e Ax 2YPee) gstn 24
R0 BEAE ¥ 248 NFske o oe
HERH AL YAl oM, S Y
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olglolx HFE IFdoN HINAY FHEL s
o A3 FYAH Y= JdPce o8 ZAZ
Aol &F AL AFs) AR FA23L
(latency petiod) & HE% AlgAld 248 5 AU
v 570 89 7, T4 9359 2454 2
83 Atz #xlel Yo7l BE4E, mrl XY
FTE, & AZeo BUE &40 F4E Ao
ot ek

Kuftiryer®t Meshkov®’v ZZA<£0] e dE
Z B/ 83l 2adged 45389 294
ER78F 41894 X8HAckn A FolFs
o] Wdle &2B AL o] &= Wyl
Hlizarov rings °l43le F7EWo] glov =
gdolMe gel2 ZHdolg& A¥el glol Ilizarov
ringS o] &%= WY-E A&

Paley®e AZ /% 2548 WA, 93 2393

Fig. 3- a. There was 57mm of
bone defect following explosion
injury.,

b. Osteosynthesis failed after
bifocal distraction-compression and
bone grafting at the nonunion
site.

c. Secondary intra medullary
nailing and bone grafting resulted
in bony union at the nonunion
site.

€2 X839 He 13.670€(10.670L; 2424 %
e AA71AE A HE /Y 1D SR
&L olFUYa ddn 1 Ade ZTHRY A
(bone result), 713 Z#(functional result) &
o]l A& R Ane IFRE, 24,
WY, RFF UriNE BAs 4, %3,
HE, B¥oz EFad 471 183, <37} 54,
HEol 288 9n, 7154 A (function-
al result) & 93, &34 HF Ay, AR =27 o]
945 (skin hypersensitivity, insensitivity of
sole, decubitus), 5%, Bl&EA2 Asixlz B
At} L7} 163, FE7) 74, BSo] 13|, BF
o] 1At &3l E4F Ane ¢t 68, ¢
371 58, B%o] 189z 71538 AFde 571 4
g, &37F 78, E¥e] 1H¥Y, B4R 2 4%
Al7le) diEtde 4 llizarov #97]1718) <A
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o] #X5i, BHEY YF 32 HFo| FL 7
2-(good bone to bone contact) & 670 W &
F§ol ol Fojxot Fokmaht®, AAEY AL 2
A AT RE M 6/0E ol F /L o
2] ¥ a, BAE FHY 7172 10.87M€01
ZE 9= ¥E 29 HFo] BFIA 2 o3&
Alga ot fiol HA g AogHol, B&E
X golE AL717le PP H FEF B HFo|
Fastelel YAEE, FRE7RY D5 8
£ HE% (docking site)2] FHE AF7 gled
z719 Zoled HEEYA AWde o] FL
Aolgln Aztgct IlizarovAl 71715 ©] &3 X
BE B2 ¢ AFRE 280 NFRE0) b
3 olZsle FEEFoV AR AEFEE
HRg £ 913, N8I FAE LGYAE) THe
sdote Aol dev AYrZzt 2m;, ARRF
F2d olglgol AT F& A AYUA oy A
AEde YR glon AR #Foe FHE
F9] ojggoluvt A& FEEF o] Alexte]
B33 sl Reta Aol Be A& 7ol 88
Z Ala€r}

29 W #E

o]de] X8 AAE Ko},

1. 794 E/% 12815 11894 278 ol
FAoH, HE FHA7IES 10.87RL AU

2. TARE NETP 63l F IB H4 15mm
A A3 110mm=z Fd 64mme] F AFE @
213, healing index¥® T 1.64°|31ch

. FRE AYe 946, 45 5 BF 1 oK
3, 7153 2oe $5 4, ¢5 7, BF 1oh

4. e A9 RE ddA AFPsien], B
8% Aoz Atadr
gy old g2 EAHdE Bpsln @ o
< B9 3948 E/¥IAM llizarov 97
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