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Management of shotgun induced open fractures
of the humerus with Ilizarov external fixator

Av tiifegi yaralanmalarina bagl olarak olusan acik humerus kiriklarinin Ilizarov eksternal fiksatorii

ile tedavisi

Giivenir OKCU, ! Kemal AKTUGLU, ?

BACKGROUND

Our aim was to evaluate the clinical efficacy of Ilizarov exter-
nal fixator used for the management of shotgun induced open
humeral fractures with special emphasize on neurovascular
sequelae.

METHODS

The authors retrospectively reviewed eleven shotgun induced
open humeral fractures managed with emergent application of
[lizarov external fixator. No patient had associated neurovas-
cular injury. All fractures were stabilized with Ilizarov exter-
nal fixator immediately after meticulous debridement and irri-
gation under emergent conditions .

RESULTS

With Ilizarov fixation technique complete bony union
occurred in all patients within 14 to 44 weeks (average, 21
weeks) postoperatively.. One patient required a second inter-
vention in order to adjust the external fixator rings. Two
patients required a rotational fasciocutaneous flap so as to
handle the soft tissue coverage problem. Superficial pin tract
infection was present in eight patients, however in none of the
patients deep tissue infection or osteomyelitis has been
observed. Good to excellent results were achieved in 10
patients with Ilizarov fixation technique according to the rat-

ing system proposed by Smith and Cooney.

CONCLUSION

Emergent Ilizarov external fixation is a safe method of obtain-
ing a functional limb in the management of shotgun induced
open humeral fractures with severe soft tissue damage.

Key Words: Humerus, Ilizarov external fixator, open fracture

AMAC

Av tiifegi yaralanmalari sonucunda olusan ac¢ik humerus
kiriklarinin tedavisinde Ilizarov eksternal fiksatoriintin klinik
etkinligini kirik iyilesmesi ve 6zellikle norovaskiiler sekeller
acisindan arastirmak.

GEREC VE YONTEM

Acik humerus kirig1 nedeni ile acil olarak debridman, irigas-
yon ve ardindan Ilizarov eksternal fiksatorii ile kemik tespiti
yapilan 11 olgu ¢aligsma grubunu olusturdu. Hicbir hastada da-
mar-sinir yaralanmasi olugsmamuist.

BULGULAR

Av tiifegi yaralanmalar1 sonucu agik humerus kiriklar1 olus-
mus hastalarin tiimiinde postoperatif 14 ila 44 hafta arasinda
komplet kemik kaynamasi olustugu goézlemlendi (ortalama 21
hafta). Bir hastaya ikinci bir girisim yapilarak rod ve halkalar
yeniden diizenlendi. Iki hastada yumusak doku sorunu rotas-
yonel fasyokiitandz flep kullanilarak coziildii. Sekiz hastada
postoperatif donemde yiizeyel ¢ivi dibi infeksiyonu gelismesi-
ne karsin hicbirinde derin enfeksiyon veya osteomyelit olus-
madi. Smith ve Cooney’in ileri siirdiigii kriterlere gore yapi-
lan degerlendirmede toplam 10 hastada iyi ve ¢ok iyi fonksi-
yonel sonuglar elde edildigi gdzlemlendi.

SONUC

Av tiifegi yaralanmalari sonucu agik humerus kiriklari Ilizarov
fiksatoriiyle tedavi ettigimiz hastalardan elde ettigimiz bulgu-
lar ve literatiir bilgileri goz oniine alindiginda ciddi yumusak
doku hasarmin eslik ettigi agik humerus kiriklarinda Ilizarov
eksternal fiksatorii ile fiksasyon tekniginin herhangi bir noro-
vaskiiler hasara neden olmaksizin hastalarin fonksiyonel bir
ekstremiteye kavusmasinda etkili bir tedavi yontemi oldugu
sonucuna varimistir.
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Close-range shotgun injuries of the upper
extremity with skeletal instability and soft tissue dis-
ruption are associated with significant morbidity,
prolonged periods of functional incapacity and hos-
pitalization.!"¥] Open fractures of the humerus due to
high energy traumas are usually slow to unite and
multiple operations are frequently required to obtain
union.! These injuries represent a major challenge
to the orthopaedic surgeon. Besides, aggressive soft
tissue management with skeletal stabilization and
management of neurovascular injury are necessary
for successful outcome. The aims of the treatment
include eradication of bacterial colonization, obtain-
ing a stable soft tissue envelope and restoration of
bony stability.”) Internal fixation as a choice is
unwise to apply as there is extensive soft tissue
injury with high risk of contamination. External fix-
ator can be a useful alternative for these fractures.®

The purpose of this study is to report our experi-
ence and to determine the clinical impact of Ilizarov
method in the management of shotgun induced open
humeral fractures.

PATIENTS AND METHODS

From January 1992 through December 2000, 13
patients with shotgun-induced open fractures of the

Table 1: Characteristic features of the patients
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humerus who had been managed with immediate
Ilizarov external fixator application were reviewed
retrospectively. Two patients were lost to follow-up.

After obtaining the approval of the ethical com-
mittee of our instution, all medical records and radi-
ograms were reviewed by the authors. Eleven
patients were referred back to our clinic for re-exam-
ination. All of the injuries were encountered in civil-
ian practice and all of them were shotgun wounds
leading to contaminated open fractures.

The fractures were classified according to the AO
Comprehensive Classification of Fractures of Long
Bones.!"! Classification of the soft tissue injuries was
done according to the system of Gustilo and
Anderson.”® (Table 1).

All patients were resuscitated at the emergency
department. The exact location of entry and exit por-
tals, neurovascular status of the extremity and
injuries to other systems were assessed carefully
during initial examination. Radiographic evaluation
including ipsilateral elbow and shoulder was done.
No fracture had an intraarticular extension distally
and/or proximally. After samples for routine wound
cultures were taken, the wounds were dressed and
the limb was immobilized with a temporary splint.
Tetanus toxoid (0.5 ml.)was given in the emergency

Patient  Sex / Fracture Fracture Follow up Time to Additional
Age (years) Location Classification  (months) union procedures
AO / ASIF (weeks)
Gustilo-Anderson
1 M/ 38 Midshaft 12-C1 /1T A 40 18
2 M/ 17 Midshaft 12-C1 /1T A 24 17 Skin graft
3 F/45 1/3 distal diaphysis 12-B1 /1T A 44 14
4 M/ 49 Midshaft 12-B1 /1II B 33 16 Local rotational flap
5 M /44 1/3 distal diaphysis 12-B3/1IT A 90 17
6 M/ 64 1/3 distal diaphysis 12-C1/1IT A 26 20
7 M /39 1/3 proximal diaphysis 12-C3 /IIT A 30 25 Skin graft
8 M /34 1/3 proximal diaphysis 12-C1 /Il B 25 21 Local rotational flap
9 F/29 1/3 distal diaphysis 12-B3/1IT A 28 22
10 M/ 56 Midshaft 12-C3 /1II B 34 44 Adjustment of Ilizarov system
11 M /47 Midshaft 12-C1/1IT A 44 17

MO male / F: female
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Figure 1: Thirty-nine year old man,
anteroposterior radiogram of a com-
plex proximal humerus fracture.

room. All patients received cefazolin (3 g.IV) and
gentamicin (240 mg 1V) daily. This antibiotic regi-
men was continued for three to ten days because of
the associated injuries. Associated injuries included
two hemothoraces, two pneumothoraces and one
abdominal penetrating injury. No major nerve and
arterial injury of the limb was encountered in any
patient.

All patients were operated under emergent condi-
tions on a radiolucent table with the patient in beach
chair position. They underwent debridement, includ-
ing excision of the entry and exit wounds, exposed
fascia and muscle and removal of all the foreign
bodies. No forceful attempt was performed to
remove the deeply seated lead pellets (Figure 1).
The wounds were thoroughly cleansed with 3 to 5
liters of Ringer’s Lactate solution, then left open.
The fractures were fixed by closed reduction under
fluoroscopic guidance with continuous longitudinal
traction by an assistant. If the position of the frac-
tured ends was acceptable, Ilizarov external fixator
was applied without disturbing the fracture site. The
combined circular-semicircular apparatus was con-
structed by securing the bone fragments to the rings
with the aid of 1.8 mm Kirschner wires. Schanz

Figure 2: Anteroposterior radiogram
of the humerus taken after applica-
tion of the Ilizarov frame.

Figure 3: X-rays taken 25 weeks
postinjury documents fracture union
before removal of the frame.

screws were not used in any patient. Stabilization
was achieved by a 5/8 half ring with three Kirschner
wires in the proximal fragment and two full rings
with two Kirschner wires in each of the distal frag-
ment according to the Russian technique!® (Figure
2). This type of frame was used in all patients. All of
the Kirschner wires were inserted through a 1 to 2
cm. skin incision. After performing blunt dissection
down to the bone, the pins were inserted by using
drill guides to minimize the possibility of neurovas-
cular injury."” Fluoroscopic control was done in
every step in order to confirm the wire location pre-
cisely. The final reduction was checked by fluo-
roscopy, and if there was any malalignment of the
fracture site, it was corrected by minor adjustments
through the frame before tightening the connections.

The wounds were inspected every day. Second
looks and staged debridements were performed as
required after a delay of 48-72 hours. The wounds
were closed by delayed primary sutures. Two limbs
required rotational flaps to cover the soft tissue
defect between 5 to 14 days after the injury. A
releasing incision was done in 2 patients and the
wounds were covered by split skin grafts in another
two patients. All patients were encouraged vigor-
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ously for active and early motion of the elbow and
shoulder joints beginning from the first post-opera-
tive day . The patients were re-evaluated at every 3
to 6 weeks intervals after the discharge until the
bony union was achieved. The degree of the fracture
union was re-evaluated radiologically in each visit.
When the radiograms showed solid union on two
orthogonal projections , the frame and wires were
loosened. If the patient felt no pain , they were
removed (Figure 3). The range of motion of the
elbow and the shoulder was assessed clinically and
measured with a goniometer in the standing position
at the last follow-up visit. The functional assessment
of the patients was done according to the rating sys-
tem of Smith and Cooney.!'!)

RESULTS

We reviewed two female and nine male patients
with an average age of 42 years (17-64 years). All of
the patients were right-handed. The left side was
injured in four, and right side in seven patients.
Eight type III A and three type III B open fractures
were examined. The fractures were located in the
humeral midshaft in five, one third of the proximal
diaphysis in two and one third of the distal diaphysis
in four patients (Table 1).

The average follow-up period was 38 months (24
90 months). The average duration of hospitalization
was 18 days. Radiographic callus formation was
seen at an average of 9 weeks (6 to 16 weeks).
However, complete bony union occurred in all
patients at an average of 21 weeks (14 - 44 weeks).
The duration of external fixator averaged 22 weeks
(15 to 40 weeks ). Ilizarov external fixation was the
definitive treatment method in all patients. None of
the patients had in the need for further surgical
intervention to achieve union. But only one patient
required a reoperation to adjust the external fixator
rings 10 days after the first operation in order to
accomplish a better alignment.

One patient developed a soft tissue coverage
problem during the postoperative period but it was
managed with temporary removal of some parts of
the external fixator and a rotational fasciocutaneous
local flap Kirschner wire breakage occurred in 2 two
patients and managed successfully by replacing
them with the new ones. In one patient, we had to
remove external fixator before obtaining a solid
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union because of psychological intolerance. The
limb in this patient was protected with Sarmiento-
type orthosis until the bony union was achieved. In
another patient, the fractured fragments were com-
pressed and disunited sequentially since no callus
was imaged on the X-rays at 12 weeks . This fracture
eventually healed at 44 weeks. All fractures healed
with less than 15 degrees of varus or valgus align-
ment and 10 degrees of recurvatum or antecurvatum
deformity. The average shortening of The extremity
shortened 1,2 cm on the average.

Superficial pin tract infections developed in 8
patients. However, all patients responded to oral
antibiotics and daily meticulous local pin care. No
deep infection was seen in any patient. Neither neu-
ral nor arterial damage was encountered in any
patient after the external fixation.

At the final follow up, the average arc of elbow
motion was 80 degrees (60 to 120 degrees). Mean
ranges of elbow flexion and extension were 100
degrees (70-120 degrees) and-20 degrees (0 to-40
degrees) respectively. Mean ranges of shoulder
abduction, forward flexion, external rotation, and
internal rotation were 120 degrees (90-160 degrees),
155 degrees (140-180 degrees), 40 degrees (30-65
degrees) and 50 degrees (40-80 degrees) respective-
ly. Good to excellent results were achieved in 10
patients. Because of a prolonged stay of external fix-
ator in situ due to a delayed union, one patient had
limited shoulder, elbow function and working
capacity.

DISCUSSION

The incidence of gunshot wound related
orthopaedic injuries in modern societies has
increased at an alarming rate over the past years. It
is the upper extremity that is commonly injured.['*!3!
The civilian gunshot wound is usually a low-veloci-
ty injury. Damage is confined to the projectile path-
way only.!>!4 Usually, these injuries do not require
extensive debridement. Thereby, with minimal
debridement of the soft tissues, removal of foreign
material and with appropriate antibiotic regimen, the
incidence of deep tissue infection and osteomyelitis
iS IOW.[IZ’B’IS’I()]

However, high-velocity bullets and close range
shots may cause extensive soft tissue damage and
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comminuted fractures.!'”’ The wounds may be con-
taminated by bacteria, thus potentially leading to a
deep infection. Gustilo has shown that the main
prognostic factor in these fractures is the extent of
soft tissue injury.®) Consequently, Oestern and
Tscherne!'! defined all gunshot wounds and frac-
tures as Grade III open fractures and proposed
aggressive surgical debridement to prevent deep
infection.

The goals of the management of shotgun frac-
tures of the extremities are not only the salvage of
the extremity but also prevention of colonization and
infection, provision of stable soft tissue envelope
and the maintenance of adequate function of the
extremity. Significant morbidity has been reported
following both operative and nonoperative manage-
ment of gunshot fractures of the humerus.!'” Those
fractures represent a major challenge to the
orthopaedic surgeon because of the proximity of the
neurovascular structures. According to Smith and
Cooney '], the combination of neurovascular injury
and musculoskeletal damage is usually associated
with significant morbidity and a high risk of ampu-
tation.

High velocity and/or close-range shots often lead
to comminuted fractures in the patients whose frac-
tures could not be reduced and maintained with con-
servative methods using either a hanging arm cast or
a functional brace.'” Local management of the
wound with a cast or a brace is also bothersome.
Brettler!'?! reported the results of conservative treat-
ment of fractures induced by low-velocity gunshot.
There were two nonunions and one delayed union in
six displaced humeral shaft fractures. Chapman."!
reviewed the results of primary internal fixation in
open fractures and came across a high incidence of
deep infection. He treated twenty-seven open
humeral fractures (twenty Grade I, three Grade II,
four Grade III) with internal fixation . The infection
rate was greater than 40 percent in Grade III frac-
tures. Higher complication rates for gunshot frac-
tures managed with internal fixation have also been
reported by Wild and Hanson.!?!!

Stabilization of fractures by an external fixator
can be considered as a minimal invasive surgery and
it is usually preferred to stabilize open, complex
fractures and in patients with polytrauma. One of the
major indications of external fixation is highly con-

taminated open fractures associated with extensive
soft tissue damage.!®?!??! The use of an external fix-
ator for gunshot fractures is proposed by many
authors.?!»! External fixation provides immediate
fracture stabilization , facilitates neurovascular
repair and if required subsequent soft tissue surgery
and minimizes the possibility of deep infection. The
fractured fragments can be compressed , distracted
or realigned as needed. Local wound care can be
done easily. Many authors prefer unilateral external
fixator with at least two pins below and above the
fracture line.***! However, the tensioned tran-
sosseous wires in Ilizarov system allow firm fixation
and also large butterfly fragments can be aligned
with the help of olive wires with close reduction
technique.>?2?? Tlizarov external fixator offers
greater mechanical stability than the monolateral
external fixators./! The Ilizarov method usually
allows progressive reduction obviating the need for
a second intervention in the case of the malalign-
ment of the fragments during the initial surgery./*

Prompt return to functional integrity of the arm
and shoulder is also possible with Ilizarov frame.
Patients can resume their daily activities rapidly.
Thus, the technique has the advantage of providing
immediate functional mobilization.

Smith and Cooney!"! reported a 22 % incidence
for nonunion in their review of nine humeral frac-
tures. In the present study, we did not see any inci-
dent of nonunion, which we thought that it is main-
ly due to the excellent stability that we achieved eas-
ily with Ilizarov method. Neither deep infection nor
chronic osteomyelitis was seen in any patient. There
were good to excellent functional results in ten
patients which were significantly better than the pre-
vious reports. Owing to the fact that none of our
patients had neurovascular injury, our functional
results were better than the current literature.

CONCLUSIONS

We recommend external fixation with Ilizarov
method for shotgun induced fractures of the
humerus and believe that it is a realistic method of
skeletal stabilization in terms of open fractures.
Provided that enough stability is maintained, this
method promotes fracture healing, allows early
rehabilitation and facilitates the achievement of a
functional limb.
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