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B Hacrosimee BpeMs TaKTHKA JICUSHUS Pa3IpOOIEHHBIX NIEPEIOMOB KOHEYHOCTEH ITPU OOIIMPHBIX OTHECTPENIHBIX PaHaX,
BBI3BAHHBIX CHApsJaMH BBICOKOH DHEPrMH COCPEJOTOYMBAETCS Ha HapyXHbIX (ukcaTopax. Yame Bcero ceromss
UCIIONB3YIOTCS OHOCTOPOHHUE Hapy)KHbIe (uKcaTopsl. Llenpio TaHHOTO UCCIIeNOBAHHS SBISETCS H3y9EeHNUE IIPUMEHEHUS
HapyxHoro (ukcatopa Miu3apoBa ¢ TOHKMMH CHMIAMH B KauecTBE aJbTEPHATHBHOIO METOJA JIEUCHHS ITUX CIOXKHBIX
HIEPEIIOMOB.

Beito mponedyeHo BoceMb MALMEHTOB C TSDKENBIMU Pa3fpOOJEHHBIMM MEpeloMaMM IJIMHHBIX TPYOdaThIX KoOCTeil,
BBI3BaHHBIX OTHECTPENBHBIM OPYXHEM C BBICOKOHM JHEprHed paHsIIero CHapsjia; MCIOJIb30BaH HapyXHBIH (ukcaTop
Wnusaposa ¢ ToHKuMHU cnunamu. Jlokanuzanus nepeaoMoB: TPH MepenoMa JUCTaIbHOTO OTJeNa IIe4eBOi KOCTH, OJUH -
CpeIHel 9acTu JIydeBoi KOCTH, [jBa IepesioMa IIPOKCHMAaIbHON YacTH TOJIEHH, OJUH -IHCTAIbHOTO OT/eNa FOJICHH U OUH
- auctanbHOro otaena Geapa. DPGEeKTHBHOCTH JIeUCHHs OMpeAe/suIach (yHKIMOHATBHBIME (BO3BpalleHHe K padorte,
aMIUINTYla  JBIDKCHUH) W  PEHTICHOJNOIMYECKHMH  pe3ylbTaTaMM, HalIW4HeM  OCJIOKHEHHH, JUIMTeNbHOCTh
(YHKIOHAJIBHOTO BOCCTAHOBIICHHS, a TakKe HEOOXOIHMOCTBIO JONONHMUTENbHBIX Hpouenyp. Ilepuon HabmomeHus 3a
MaIIeHTaMy II0CiIe JICUCHNs B CpefHeM cocTaBmi 25 MecsneB. OIUH MAaIMEHT ¢ MEepelioMOM CpefHel 4acTH JIydeBon
KOCTH Ha KOHTPOJIb HE SIBUJICSL.

CiyqaeB OCTEOMHENNTa HE HAOIIOANOCh, M BCE IIEPENIOMBI CPOCIHCH. PEHTTEHOIIOTMYECKH BCE KOHEYHOCTH HMENN
HOPMAJIBHYIO JUIMHY M aHATOMHYECKYIO OCh. Y OJHOTO TMalMeHTa C MoJoxuTensHbiM BUY 00pa3zoBajics LEIIOINT, YTO
noTpeboBano CHATHA ammaparta Mmmsaposa. ITpoBoauiack ofHa MOBTOPHAS OTEpaIiys JUlsl IIePENpOBEICHNS CIIMIIEI U3-3a
ciy4aifHOro ee BbIAepruBaHus mareHToM. CpejHss JUIMTENBHOCTh Tepuofa ¢ukcauuu cocraBuiaa 16 Hemens. Bee
OombHBIE BEPHYINCH HAa pabOTY 10 CHATHS anmapara MimmsapoBa v HU y OJTHOTO U3 HAX He HaOJIFOa/I0Ch HECTaOMIBHOCTH.
PesynbraTel JaHHOTO HCCIENOBAaHHS IO3BOIIOT CHAENAaTh BBIBOJ, YTO HapyKHbIH (ukcatop MnusapoBa ¢ TOHKUMHU
CIMIIaMH, BO3MOXKHO, HMEET MPEHMYIIECTBO Mepex TPaJNIHOHHBIMU OXHOCTOPOHHHMH (HKCATOpaMH B CBs3H ¢ Oolee
HHU3KUM YPOBHEM OCJIOKHEHHMI.

KitroueBble ciioBa: orHecTpenbHas TpaBMa, JJIMHHBIE KOCTH, anmnapat Minmsaposa.

Current treatment of comminuted fractures of the extremities caused by high-energy gunshot wounds centers around
external fixation. Monolateral external fixators are most commonly used today. The purpose of this study is to examine the
use of the Ilizarov small wire external fixator as an alternative method for the treatment of these difficult fractures.

Eight patients who suffered severely comminuted long bone fractures caused by high-energy gunshot injury were treated
with the llizarov small wire external fixator. The fracture sites were as follows: three distal humerus, one mid-radius, two
proximal tibia, one distal tibia, and one distal femur fracture. Efficacy of treatment was determined by functional results
(return to work, range of motion), radiologic results, complications, time course of functional return and additional
procedures required. The average time of follow up was 25 months. One patient (mid-radius fracture) was lost to follow-
up.

There were no cases ofosteomyelitis and all fractures went onto union. All of the limbs were salvaged with good length and
alignment as seen on radiograph. There was one case of cellulitis that occurred in an HIV positive patient that resolved
following llizarov removal. There was one reoperation for a pin reinsertion following incidental removal by the patient.
The average length of fixation of all fractures was 16 weeks. All patients returned to work prior to llizarov removal and
none had instability.

The results of this study suggest that the llizarov small wire external fixator may be superior to traditional monolateral
frames with lower complication rates.

Keywords: gunshot injury, long bones, the llizarov apparatus.

INTRODUCTION

Treatment of comminuted fractures caused by tion, non-union, limb-length discrepancy, deformity
high-energy gunshot injury of the extremities has and often require additional procedures. The use of
long been a difficult orthopaedic problem. These llizarov external fixation in the treatment of these
fractures carry with them significant risk of infec- fractures has not been well documented, especially
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in the United States. Because of the properties asso-
ciated with Ilizarov external fixation, we proposed
that it would be an excellent treatment choice for
these fractures.

Monolateral external fixators are most common-
ly used today and can provide adequate fixation.
They are limited, however, by an increased risk
ofangulation deformity since they place an eccentric
load on the fracture site [1]. In addition, they often
do not allow for early mobilization of the patient
[2]. The llizarov external fixator, on the other hand,
can transmit forces in all planes and directions; thus
providing a more concentric force on the bone and
more exact direction of healing [1]. The stability
provided the apparatus allows the patient to be
mobilized out of bed on post-operative day one;
with weight bearing as tolerated. The Ilizarov ex-
ternal fixator provides high shear stiffliess and
allows for more axial dynamic elasticity. Both of
these properties have been shown to promote bone
healing [3].

In addition to those mentioned above, the lliza-
rov external fixator provides several other advan-

tages in treating high-energy gunshot fractures.
Bone healing and infection fighting is directly re-
lated to the blood supply at the fracture site. In
severely comminuted fractures, blood supply from
the soft tissues may remain adequate for bone via-
bility and healing [4]. The small wires used in Iliza-
rov external fixation cause minimal trauma to soft
tissues surrounding the fracture site and thus allow
for minimal disruption of this blood supply to the
bone via these soft tissues. Unlike unreamed and
reamed intramedullary nails which disrupt the en-
dosteal and cortical blood supply (by 30% and 70%
respectively), Ilizarov external fixation causes sig-
nificantly less disruption of these blood supplies
and thus creates a more optimal environment for
healing [5, 6]. Also, with an Ilizarov external fixator
in place, limb-lengthening and realignment proce-
dures can be performed as needed.

This investigation was done to help determine
the efficacy of treating comminuted fractures
caused by high-energy gunshot injury of the extrem-
ities with acute lIlizarov external fixation by an
experienced surgeon

MATERIALS AND METHODS

Eight consecutive patients who sustained severe-
ly comminuted fractures of the extremities caused
by gunshots underwent closed reduction and lliza-
rov external fixation. There were seven men and
one woman. The sites of injury were as follows;
three patients sustained distal humerus fractures,
three patients had tibia fractures (two proximal, one
distal), one patient had a distal femur fracture and
another had a mid-radius fracture (Table I). Several
patients sustained multiple injuries, the most serious
being a gunshot wound to the abdomen causing a
cecal perforation. One patient had a partially tran-
sected brachial artery that required a primary repair.

All llizarov external fixators were placed in the
operating room on traditional operating tables using
fluoroscopic guidance. A surgeon familiar with the
Ilizarov technique was present for all of the proce-
dures. Standard Ilizarov techniques of closed reduc-
tion and small wire circular external fixation were
followed.

Efficacy of Ilizarov external fixation was deter-

mined by functional outcomes (return to work, pain,
range of motion), radiological results, complica-
tions, time course of functional return, and addi-
tional procedures required. The average time of
follow up was 13 months.

Each patient was treated surgically with explora-
tion and debridement of the gunshot wound initially
and received intravenous broad-spectrum antibio-
tics. All of the llizarov fixators were applied at the
initial operation. One patient required repair of a
partially transected brachial artery prior to llizarov
placement and another had the Ilizarov placed fol-
lowing an exploratory laparotomy. Post-operatively,
patients were instructed to clean the pin sites four
times per day with 95% alcohol. The external fix-
ators were removed when callous density ap-
proached that of surrounding bone and the fracture
site was clinically stable. The extremity was placed
in a fracture brace until healing was adequate to
allow for unprotected use.

RESULTS

The patient with the mid-radius fracture and ab-
dominal wounds was lost to follow-up. Of the re-
maining seven patients, all exhibited aseptic healing
and none developed osteomyelitis. (Table I1). There
were no non-unions and no bone grafting was re-
quired.

All of the limbs were salvaged with good length
and alignment as seen on x-ray. The distal femur
fracture healed with a slight varus deformity (<5%).
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The only complication was infected hardware in a
distal tibia and fibula fracture in an HIV positive
patient during the fourth month of fixation. This
resolved following llizarov removal. The only reo-
peration was the reinsertion of a pin following inad-
vertent removal by the patient. All of the patients
who were neurovascularly intact during their initial
presentation remained so after llizarov placement.
The length of fixation ranged from 2.5 to 6



months (Table I1). Both patients with proximal tibia
fractures were in the llizarov apparatus for 6
months. The patient with distal tibia and fibula
fractures was in the external fixator for 4 months.
The three patients with distal humerus fractures
were in the external fixator for 3 months, 2.5, and 4
months respectively. The distal femur fracture was
in the external fixator for 4 months and the distal
radius fracture was lost to follow up.

Functional results following treatment were un-
iformly good (Table Il). Both of the patients with
proximal tibia fractures were able to ambulate with
a normal gait and were pain-free. Each also had
good range of motion around the knee and were
neurovasucularly intact without disability. The
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patient with the distal tibia-fibula fracture also was
able to ambulate without pain. She did, however,
have some decreased strength with dorsiflexion (4/5
strength) of the affected foot as a result ofneurolog-
ic injury from the initial trauma. The patient with
the distal femur fracture was able to ambulate pain-
free, however, he suffered a severe direct injury of
his quadriceps and was receiving rehabilitation for
this weakness. All three patients with distal humerus
achieved functional range-of-motion at the elbow
and returned to good function of the affected limb.
None had instability, and all returned to pre-injury
level-of-function well before the Ilizarov external
fixator was removed.

DISCUSSION

Treatment of high-energy gunshot injuries has
become an increasingly encountered problem in
many urban centers. The treatment of these commi-
nuted fractures is a complicated orthopaedic prob-
lem. Ilizarov external fixation is a method not often
chosen for treatment of these fractures due to many
surgeons' unfamiliarity with the technique.

With the acute placement of the llizarov exter-
nal fixator and the subsequent mobilization of the
patient on postoperative day one, good outcomes
were seen in all of the patients. All patients healed
with satisfactory alignment and length; there were
no non-unions or malunions and none developed
osteomyelitis. All patients regained use of their
injured extremity. Cellulitis was a complication in
14.3% (1/7) of the cases and was successfully
treated with P.O. antibiotics. There was only one,
short, reoperation.

The llizarov external fixator with its ability to
transmit forces in all planes and directions has inhe-
rent advantages over other external fixators. The
small wires used in the llizarov system causes mi-
nimal trauma to the soft tissues surrounding the
fracture and thus allows for minimal disruption of
the blood supply to the injury. This reduces the risk
of infection and aids in healing. Limb elevation is
also provided by the ring configuration.

Conservative treatment of these fractures caused
by gunshots is not an acceptable option, as demon-
strated by the reported high number of infected non-
unions and malunions [8]. A previous study treated
25 grade 11 extremity fractures caused by gunshots
with acute placement of the llizarov external fix-
ator. They obtained good results with 88% aseptic
healing [9].

Definitive indications for external fixation are
not well established for many extremity fractures
caused by gunshots. For high energy gunshot
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wounds to the tibia, external fixation is indicated in
severe type Il or Il open fractures, when there is
significant bone loss and/or insufficient soft-tissue
coverage, vascular injury, severe contamination or
infection, or comminution too proximal or distal for
an intramedullary rod [10]. Indications for external
fixation for fractures of the humerus caused by
gunshots are not as well established. Treatment is
often left to the discretion of the surgeon. It has
been suggested, however, that definitive indications
for application of an external fixator to these frac-
tures include injuries with large soft tissue loss or
any injury requiring neurovascular repair [11].
External fixation is a viable option for unstable
radius type Il fractures and fractures with severe
comminution or bone loss [13].

In addition to these indications for external fixa-
tion, we believe that acute placement of an Ilizarov
external fixator is a viable option in most unstable,
severely comminuted fracture caused by gunshots.
It allows for immediate mobilization of the patient
and has shown excellent functional results in our
study. The complication rate with this treatment has
also been very low despite many concerns of pin
tract infections.

This review hopes to demonstrate that using the
Ilizarov external fixator acutely in these patients
with comminuted fractures caused by high-energy
gunshots is a very effective treatment for this com-
plex problem. Excellent functional results as well as
the excellent alignment and length were achieved in
our patient sample. We hope to gain more know-
ledge on this treatment, as more patients are being
treated currently with this method. While there may
be other effective methods to treat these fractures,
the use of Ilizarov external fixation by an expe-
rienced surgeon is an excellent and often underuti-
lized option.
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Figure 1. Anterior-posterior radiograph of severely commi- Figure 2. Lateral radiograph of the same fracture with lliza-
nuted gun-shot wound to the proximal tibia with llizarov rov fixator.

external fixator in-place. Radiograph reveals good length

and alignment.

Figure 3. Anterior-posterior radiograph of the above frac- Figure 4. Lateral radiograph of the same fracture.
ture following llizarov removal. Radiograph reveals healed
wound with good alignment and length.
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TABLE |
PATIENT | PATIENT HOSPIIAL
NUMBER SEX FRACTURE SITE/TYPE ASSOCIATED INJURIES STAY
(DAYS)
1 MALE SEVERELY COMMINUTED PROXIMAL HAND WOUND REQUIRING INCISION & 5
TIBIA DRAINAGE
MALE COMMINUTED PROXIMAL TIBIA NONE
FEMALE | COMMINUTED DISTAL 1/3 TIBIA-FIBULA NONE (HIV POSITIVE) 7
MALE SEVERELY COMMINUTED DISTAL FIRST METATARSAL FRACTURE, SEIZURE 9
HUMERUS/OLECRANON
5 MALE SEVERELY COMMINUTED INTRA- NONE 4
ARTICULAR DISTAL HUMERUS
6 MALE COMMINUTED DISTAL 1/3 HUMERUS TRAUMATIC AMPUTATION LEFT 4TH & 8
RIGHT 5TH DIGITS, PARTIAL BRACHIAL
ARTERY TRANSECTION, SEVERE SOFT
TISSUE INJURY
7 MALE COMMINUTED MID-RADIUS CECAL PERFORATION, BUTTOCK WOUND 5
8 MALE COMMINUTED Distal femur OUADRICEPS MUSCLE INJURY 5
TABLE Il
PATIENT RADIOLOGIC FIXATION POST-OPERATIVE
NUMBER| INJURY OUTCOME TIME COMPLICATIONS FUNCTIONAL OUTCOMES
(MONTHS)
1 PROXIMAL [ GOOD ALIGNMENT 6 NONE FULL ROM @ KNEE, NO INSTABILITY,
TIBIA & LENGTH NO PAIN
2 PROXIMAL | GOOD ALIGNMENT 6 NONE FULL ROM @ KNEE, NO
TIBIA & LENGTH INSTABILITY.MINIMAL LEG PAIN
3 DISTAL 1/3| GOOD ALIGNMENT 4 CELLULITIS FROM PIN DECREASED DOSIFLEXION,
TIBIA & LENGTH SITE INFECTION AMBULATES PAIN-FREE
4 DISTAL | GOOD ALIGNMENT 25 NONE FUNCTIONAL ROM @ ELBOW,NO
HUMERUS & LENGTH INSTABILITY, PAIN-FREE
/OLECRA
NON
5 INTRA- | GOOD ALIGNMENT 3 NONE FUNCTIONAL ROM @ ELBOW, NO
ARTICULA & LENGTH INSTABILITY, PAIN-FREE
R DISTAL
6 DISTAL 1/3| GOOD ALIGNMENT 4 FULL-THICKNESS SKIN FUNCTIONAL ROM @ ELBOW, NO
HUMERUS & LENGTH LOSS INSTABILITY, PAIN-FREE -
7 MID- GOOD FIXATION LOST TO NONE LOST TO FOLLOW-UP
SHAFT F/U
RADIUS
8 DISTAL GOOD 4 QUADRICEPS KNEE ROM (-)5 TO 70-DEGREES, NO
FEMUR | ALIGNMENT(SLIGH ATROPHY/WEAKNESS INSTABILITY, PAIN-FREE
T VARUS), GOOD
LENGTH
REFERENCES
1. Aronson J. Current concepts review. Limb-lengthening, Skeletal Reconstruction, and Bone Transport with the llizarov Method// Bone

Jt. Surg. - 1997. Vol.79-A, Ne 8. - P. 1243-1258.

Treatment of open Tibial Fractures with Primary Suture and llizarov Fixation / H. Shtarker, R. David, J. Stolero, B. Grimberg, M.
Soundry. // Clin. Orthop. - 1997. -Ne 335. - P. 268-274.

Tibial Fractures. The llizarov Alternative / V. Schwartsman, S. Martin, R. Ronquist, R. Schwartsman // Clin. Orthop. - 1992. - Ne 278. -
P.207-216.

Hull J.B. Management of Gunshot Fractures of the Extremities // Trauma. - 1996. - VVol. 40(3). - P. 193-197.

Brien E.W., Long W.T., Serocki J.H. Management of gunshot wounds to the tibia / Orthop. Clin. North America. - 1995. - Vol. 26 Ne
I. - P. 165-178.

Reaming vs. non-reaming medullary nailing: Interference with cortical circulation of the canine tibia / M.P. Klein, B.A. Rahn, R. Frigg
et al. // Arc. Orthop. Trauma Surg. - 1990. - Vol. 104, Ne 6. - P. 314-317.

Dahl M.T., Gulli B., Berg T. Complications of limb lengthening. A learning curve // Clin. Orthop. - 1994. - Ne 301. - P. 89-93.

Open fractures caused by gunshot in civilian practice / A. Moyikoua, F. Dolama, B. Pena-Pitra, G. Bikandou, J.M. Ondzoto, J.M. Kaya
/I An. Chir. - 1994. - Vol. 48, Ne 11. - P. 1020-1024.

Primary treatment of gunshot and explosion injuries of extremities with the llizarov ring fixator / S. Rarnez, W. Strecker, G. Suger, H.
Karim // Unfallchirurg. - 1993. - Vol. 96, Ne 8. - P. 438-442.

43




['enuit Oproneanu Ne 3, 1998r.

10. Ferraro S.P.,Zinar D.M. Management of Gunshot Fractures of the Tibia // Orthop. Clin. North America. - 1995. -Vol. 26, Ne 1. - P. 181-
189.

11. Karas E.H., Strauss E., Syed Sohail. Surgical Stabilization of Humeral Shaft Fractures due to Gunshot Wounds // Orthop. Clin. North
America. - 1995. - Vol. 26, Ne 1. - P. 65-73.

12. The Management of Gunshot Wounds to the Femur / W.W. Brien, S.H. Kuschner, E. Brien, D.A. Wiss // Orthop. Clin. North America.
- 1995. - Vol. 26, Ne 1. - P. 133-138.

13. Hahn M., Strauss E., Yang E.C. Gunshot Wounds to the Forearm // Orthop. Clin. North America. - 1995.- Vol. 26, Ne 1. - P. 85-93.

Pykommcs nocrynuna 08.06.98.

Bnumanuio opmoneoog-mpaemamonozos, pykogooumeinei MEOUYUHCKUX Yy~ — =g
DedcoeHull U OP2anu3ayuLil, OCYU{eCmEaAI0UUX Mop2o6io )
MeOUYUHCKUMU RPUOOPAMU U UHCIPYMEHMAMU
Onerteeiii 3aBog PHIL “BTO” umenn akanemuka I'.A. Mnuszaposa npeanaraer annapar Minn-
3apoBa, MOJYKOJIbLA U CTEP>KHH KOTOPOI'O BBIIOJHEHBI U3 COBPEMEHHBIX KOMITO3ULIMOHHBIX
MaTepHajIoB, 00eCTIEUMBAIOIIUX |
® PEHTTEeHONPO3PavyHOCTb
® [IPOYHOCTb, HE YCTYNAIOUIYIO CTAIIbHBIM
e CHIKEHHE Beca B 3 pasa

Kommnuexryem 3aka3sbl Ha 1998 roa.

3aka3bl HanpaBaATh mo aapecy: 640005 r. Kypran, yn. M. VibesHoBoi, 6, onbitHbI 3aBog PHIT “BTO”

Tenedonnt aas cnpaok: (35222) 3-50-54 - nupexrop 3aBona Boponuos Banepuii [TapnoBud
3-53-40 - oTnen cObITa

44



