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Abstract

Introduction The aim of this study was to compare the
radiographic results and clinical outcome of unreamed tib-
ial nailing (UTN) and Ilizarov external fixation (IEF) for
the treatment of type IIIA open fractures of the tibia.
Materials and Methods  Sixty-one patients with open type
IITA tibial shaft fractures were treated with an IEF (n = 32)
or UTN (n =29). Both groups were compared for union
time, secondary outcomes of nonunion, infections, mechan-
ical failure of the implant, and malunion.

Results The average time-to-bone healing was 19 weeks
(range 14-23 weeks) for IEF and 21 weeks (range 16-36
weeks) for UTN; it was significantly shorter in the IEF
group (P =0.039). One patient had refracture in the IEF
group. Malunion occurred in four patients for each group.
Posttraumatic osteomyelitis occurred in two patients in the
IEF group and in three patients in the UTN group. In the
IEF group, additional surgical procedures were indicated in
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three cases including sequestrectomy (n=1), and pin
replacement (n=2). In the UTN group, seven patients
needed additional surgery including bone grafting (n = 3),
nail exchanged (n=1), and posttraumatic osteomyelitis
(n=73).

Conclusion The results of the current study showed that
IEF technique had a notable incidence of pin-tract infec-
tion, joint contracture, and shorthening related to treatment
of the delayed union. The UTN technique had the disadvan-
tage of a posttraumatic osteomyelitis and delayed union
requiring additional surgery. We believe that the decision to
use IEF or UTN should be made on a case-by-case basis.

Keywords Tibia - Open fractures - External fixator -
Intramedullary nailing

Introduction

The optimal treatment of severe open fractures of the tibia
remains controversial although external fixators and unrea-
med tibial nailing (UTN) have been used as treatments of
choice for these fractures [1-14]. However, studies to date
have been limited by retrospective study designs, heteroge-
neity of groups compared, and the mechanical disadvan-
tages of using an external fixator. The current study was
planned prospective and included only patients with type
IITA open tibial fractures to obtain homogeneity between
groups. To avoid mechanical insufficiency of the external
fixator, Ilizarov external fixation (IEF) was used, which is
reported to be more stable than the monolateral fixator sys-
tem [15]. The purpose of this study was to prospectively
compare the clinical and radiological results of two com-
mon fixation methods (UTN vs. IEF) in patients with Type
IITA open fractures of the tibial shaft.
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Materials and methods

Seventy-one patients with Type IIIA open tibial shaft frac-
tures were treated in the authors’ institution from March
1997 to May 2000. This study was planned prospectively
and data reviewed retrospectively. Two patients died within
5 days after injury due to associated injuries; eight patients
were lost to follow up less than 2 years after surgery. The
remaining 61 patients who had a Type IIIA open fracture of
the tibial shaft, presented to the hospital within 24 h of
injury included this study. Of 61 patients, 32 (52.5%) were
treated with IEF and 29 (47.5%) with UTN. These patients
were randomized based on even/odd patient numbers. Odd-
numbered patients received IEF; even-numbered patients
received UTN. Patient characteristics (mean age, gender,
mechanism of injuries, and associated injuries) are listed in
Table 1. Exclusions included any fractures associated with
an arterial injury (whether it was repaired or not), bilateral
fractures, those within 5 cm of the ankle or proximal to the
tibial tubercle, and intraarticular extensions. Also, patients
were excluded if the type of the open fracture changed after
debridement.

Soft tissue injuries were graded according to the criteria
of Gustilo et al. [16]. In type IIIA, soft-tissue coverage of
the fractured bone is adequate, despite extensive laceration,
flaps, or high-energy trauma. All fractures were classified
according to the Orthopedic Trauma Association (OTA)
classification of tibial fracture configurations [17], We fol-
lowed a standard treatment protocol for both groups; all

Table 1 Demographics data of patients

IEF (n = 32) UTN (n =29)
Male:female 28:4 24;5
Mean age (years; range) 32,3 (15-64) 31,7 (17-54
Mechanism
Motor-vehicle vs. pedestrian 19 17
Motorcycle accident 4
Gunshot
Fall from high 5
Type of fracture
Unstable 16 19
Stable 16 10
Fracture location
1/3 Proximal 8 5
1/3 middle 19 14
1/3 distal 5 10
Associated injury
Orthopedic injury 9 8
Head injury 2 1
Abdominal injury 1 2
Chest injury 3 1
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wounds were irrigated with normal saline solution, and
then all devitalized tissues were debrided. Antibiotic treat-
ment was started in the emergency room with 2 g of Cefaz-
olin, continued for 3 days at a dose of 1 g every 8 h, then
discontinued and reinstated for 48 h after each additional
operation.

Four surgeons were involved in the study. Two surgeons
inserted only unreamed nails, and two other surgeons
applied only external fixators. In the UTN group, Russell-
Taylor nails (Smith Nephew Richards, Memphis, Tennes-
see, USA.) were used in 14 cases, Synthesnails in 3 cases,
and Orthofixnails (Orthofix, Busselengo, Italy) in 12 cases.
Intramedullary nails were placed through a portal medial to
the patellar tendon with the leg draped free and without
using a guide wire. Traction was applied to the extremity,
and fluoroscopic image intensification was used to ensure
that the tibia was restored to its proper length and the frac-
ture was reduced. The UTN size (8 or 9 mm) was deter-
mined by measuring the width of the medullary canal under
the image intensifier. A hybrid IEF described by Cata-
gni[ 18] (Tipsan, Izmir, Turkey), which combined half pins
and transosseous wires (TW), was used for stabilization of
fractures in the IEF group. A ring of proper size for the leg
was selected. Four or five ring configurations were used.
The 5/8 (C shape) ring was used in the proximal tibia so as
to achieve full range of motion of the knee. The type, num-
ber, position, and direction of TW and half pins were
selected according to the level and type of fracture.

Postoperative mobilization was largely dictated by the
nature and extent of any associated injuries in both group.
In patients with an isolated tibial fracture, active and pas-
sive ankle and knee movements were started on the first
postoperative day. Crutch walking with partial weight bear-
ing was allowed on the third postoperative day; full weight
bearing was initiated as soon as patients could tolerate it. In
unstable fractures treated with a UTN, however, only par-
tial weight bearing was permitted until the fracture site had
healed. The ranges of motion of the knee and ankle were
recorded for each patient.

After discharge, we examined the patients clinically and
radiographically at monthly intervals until bone union was
seen. Union was defined clinically when the patient was
fully weight bearing with no pain at the fracture site, and
radiographically when callus bridged at least three cortexes.
Early bone grafting was performed within the first
12 weeks if the surgeons assessed that union would be
delayed based on radiographic findings consisting of
insufficient or absence of callus, osteoporosis or gap at the
bony end.

The pin sites were cared for daily by the resident and
nursing staff until the patients demonstrated competence in
their own care. Complications and Pin-tract infection was
classified according to Paley as Grade 1, superficial soft
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tissue inflammation; Grade 2, deep soft tissue infection;
Grade 3, osteomyelitis [19].

Minor complications were defined as those not requiring
surgery [20]. They included pin-tract infection treated by
medication or isolated pin removal, delayed union treated
with dynamization or compression used by an external
fixator, or locking screw failure. Major complications
required the patient to be admitted to the hospital for addi-
tional surgery. These included sequestrum formation, non-
union, malunion (>7°), shortening (>1 cm), refractures,
joint contractures resistant to physical therapy and the need
for pin or TW replacement.

Two independent observers at the last follow-up per-
formed clinical examination and radiographic review

For statistical analysis, Type I Error Rate (alpha); %S5,
actual power for Required N: %80 was defined by using
Statistica (Ver. 6.0) program. According to this analysis,
the number of patients included in the study was sufficient
for comparing two groups. Also, two groups were similar
according to age (P = 0.831), fracture site (P = 0.156), and
fracture configuration (P =0.221). Functional and radio-
graphic results were compared between groups with the
Kruskal-Wallis test, and union times were compared using
the paired ¢ test. P <0.05 was considered statistically sig-
nificant.

Results

The average interval from the time of the injury to the sur-
gical procedure was 12 h (range 4-22 h) for IEF and 13.5 h
(range 3-27 h) for UTN. The mean follow-up time was
46.5 months  (range 33-67 months) for IEF and
43.3 months (range 30-61 months) for UTN. The average
time to bone healing was 19 weeks (range 14-23 weeks)
for IEF and 21 weeks (range 16-36 weeks) for UTN
(P =0.039).

Complications listed in Table 2. Delayed union devel-
oped in four patients (12.5%)in IEF group. All of these
were treated with gradual compression (0.25 mm qid, total
1 mm/day) at the fracture site, continued until bony contact
was seen on radiograms (mean 18 days, range 14-22 days).
Following bony contact, compression was continued at a
rate of 0.25 mm/week until bone union occurred. There
were no nonunions in the IEF group. In the UTN group,
three patients had delayed union. They were treated with
early autogenous iliac bone grafting and all healed with the
secondary operation. Nonunion occurred in one patient in
UTN group and was treated by exchanging the unreamed
nail. Bone healing was obtained in 3 months.

One patient had refracture in the IEF group. Union was
obtained by using a cast in 7 weeks. No patients in the UTN
group had a refracture.

In the IEF group, two malunions (10 and 12° valgus)
developed following fixator removal; two malunions (8°
valgus and 10° varus) occurred secondary to inadequate
reduction. These malreductions could have been corrected
immediately after operation by replacing the TWs under
general anesthesia. However, the anesthetist disallowed
general anesthesia for 3 weeks in these patients because of
their associated head injuries. After this period, the defor-
mity was accepted to avoid additional surgical risk.

In the UTN group, there were two malunions (7 and 11°
of varus) and two malrotations (one external rotation of
10°, and the other internal rotation of 12°). Varus mal-
unions developed secondary to breakage of distal locking
screws. The first malrotation occurred because of a techni-
cal error at the beginning of the learning curve; this defor-
mity was not corrected by further operation because 10° of
external rotation would not seriously limit function. The
second malrotation occurred in a multiply injured patient
whose operation had to be completed immediately because
of worsening patient condition on the operating table.
Additional surgery to correct this malrotation was not
allowed for 6 weeks because of a life-threatening head
injury. Afterwards, bone healing occurred, and revision was
cancelled after discussion with the patient’s family.

In the IEF group, fractures healed with shortening more
than 1 cm in three patients (1.7, 2.0, and 3.0 cm) treated with
gradual compression for delayed union. In the UTN group,
there were two patients who had tibial shortening (1.4 and
2.1 cm) secondary to distal screws breakage and one patient
had 1.2 cm shortening because of initial reduction.

Posttraumatic osteomyelitis occurred in two patients in
the IEF group; it was managed subsequently with wound
debridement and sequestrectomy. A successful union was
obtained in both patients; however, despite bone healing,
active drainage continued in one patient at last control and
he did not accept further operation. In the UTN group, post-
traumatic osteomyelitis occurred in three patients. In the
first patient, the intramedullary nail was removed and the
endosteal canal was reamed. Despite bone healing, the tibia
was stabilized with an Ilizarov external fixator for 6 weeks
to avoid refracture. No active infection was seen 2.4 years
after this procedure. A second patient experienced infection
at the distal locking screw site, despite fracture healing. The
nail and screw were removed, and the infected screw tract
was cleaned by curettage and irrigation. There was no per-
sistent infection at follow-up. In the third patient, a seques-
trum developed in the fracture site. The UTN was removed,
and after sequestrectomy, local antibiotic beads were
applied. Suppressive oral antibiotic therapy was continued
for 6 weeks; no signs of recurrent infection occurred during
2.7 years of follow-up.

In the IEF group, one patient who had a fracture of the
proximal third of the tibia developed a 30° knee flexion
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Table 2 Comparison of complications

OTA Delayed Nonunion Contracture Posttraumatic Pin-tract Varus Valgus Rotation LLD (cm) Neural Refracture
classification union (patient osteomyelitis infection (°) ©) ©) injury
(patient number)
number)
Ilizarov external fixator group
1A (3) 8
1B (9) 10
A (2) 1 1 1,7
1B (3) Knee flexion 10

contarcture (1)
IIC(2)
11D (10) 2 Equin 1 12 3.0 1

deformity (2)
ITAQ3) 1 2.0 1
Total (32) 4 3 2 1 3 1 1
Unreamed tibial nailing group
1A (6) 1
IB(10) 2
IC(2) 10
TA(1) 1
1IB(3)
1ID(6) 1 2 7 and 11 12 1.2,1.4,

and
2.1 cm

IA(1)
Total (29) 3 1 No 3 2 2 3 no no

LLD limb length discrepancy

4 Sequestrectomy was performed

contracture. This patient refused an intensive physical ther-
apy program at the hospital and further surgery to prevent
joint contracture. Two patients who had tibial fractures of
the distal third had 10° equinus contractures of the ankle.
One of them also had a peroneal nerve injury secondary to
the insertion of the transosseous wire. After fixator
removal, these two patients were cured with intensive phys-
ical therapy; 5° passive ankle dorsiflexion was achieved
3 months after fixator removal. In the UTN group, no
patient had a loss of range of motion of the ankle or knee.
However, three patients had activity-related knee pain sec-
ondary to irritation from the proximal nail.

In the IEF group, Grade 3 pin-tract infections were
observed in 12 pin sites in 5 patients. Of these 12 pins,
seven (two patients) were treated by removal of pins; three
(two patients) were treated by removal of pins and insertion
of new pins under general anesthesia. The surgeon decided
whether to remove or to replace infected pins based on
whether removal would affect stability of the external
fixator. Two sequestrae (one patient) seen secondary to pin
tract infection were treated by sequestrectomy. All infec-
tions were healed and there was no evidence of infection at
last follow up.

@ Springer

One IEF patient sustained a peroneal nerve injury related
to the insertion of the TW. The wire was removed immedi-
ately, and nerve function recovered in the sixth postopera-
tive month.

Two distal screws broke in the UTN group and no other
hardware failure, such as breakage of pins, wires, or nails,
occurred in the study.

In the IEF group, additional surgical procedures were
indicated in three cases including sequestrectomy (n = 1),
and pin replacement (n=2). In the UTN group, seven
patients needed additional surgery: three patients required
bone grafting, one patient had the nail exchanged, and three
patients had posttraumatic osteomyelitis.

Discussion

External fixation and intramedullary nailing are well-
accepted techniques for the treatment of open tibial fractures.
Both techniques offer the advantages of minimum operative
trauma and high union rates in the treatment of open tibial
fractures. However, there is still no universal acceptance of
either external fixation or intramedullary nailing.
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Unreamed nailing in patients with open tibial fractures
has been reported to result in lower delayed union rate than
the Hoffman external fixation [21, 22]. Alberts et al. [21]
and Tu et al. [22]. In both studies, the incidence of delayed
union was twice as high in the external fixator group. Hen-
ley et al. [2] found no significant difference in the healing
rates for the two methods; however, their series consisted
of Type II, IIIA, and IIIB open tibial fractures and con-
tained no specific data for Type IIIA fractures. We are
aware of only one prospective randomized study comparing
external fixation versus intramedullary nailing for Type II
and III open tibial fractures, which was presented by Sant-
oro etal. [23]. They reported a longer time to union in
patients treated with a monolateral fixator, as compared
with the UTN. Their healing rate was 76% for external fixa-
tion and 97% for UTN. In the current study, we found the
bone-healing rate in the IEF group after initial surgery
(87.5%) was similar to that in the UTN group (86.2%).
Time to union was, however, shorter in IEF group.

Based on literature, reamed intramedullary nailing has
been associated with a significantly lower rate of malunion
than the external fixator or undreamed nailing [14, 24-26].
Nevertheless, unreamed nailing does not provide adequate
stability for severely comminuted fractures. Malunion after
UTN have been reported 0-27% [12, 13, 24, 27-29]. In this
study, developing malunion in both groups was certainly
comparable and associated with a technical error more than
inadequate stability of fixation method. In the current study,
two malunions in the IEF group and two malrotations in the
UTN group occurred secondary to technical errors. Techni-
cal errors have not been reported in previous comparative
studies. However, it seems that the technique of intrame-
dullary nail insertion has a relatively short learning curve,
and leads to fewer complications than does the technique of
insertion for external fixators [12]. Also, Tornetta et al. [24]
found that technical errors were slightly more common
with unreamed nailing than with reamed nailing.

The IEF should be maintained on the fracture until bone
bridge develops at least three cortex on the fracture site. If
the frame is ended before maturation of callus, a malunion
or refracture can occur, which will need future operation
[30]. To avoid these complications, fracture site can be sta-
bilized by cast or brace following external fixator removal.
In our series, malunion developed in two patients because
of early removal of external fixator and we suggest casting
or bracing for 6 weeks after fixator removal.

Residual shortening more than 1 cm after treatment of
open tibial fracture have been relatively rarely reported [4,
5, 11, 12]. The causing factors for both UTN and IEF meth-
ods are inadequate reduction of the fracture at the initial
operation, hardware failure, and dynamization [1, 2, 9, 22,
25, 30, 31]. In our study, residual shortening occurred in
UTN group secondary to hardware failure in two patients

and inadequate initial reduction in one patient. In IEF
group, despite an achieved bone healing, a performed grad-
ual compression maneuver for treatment of delayed union
led to shortening in three patients. In these patients, length-
ening procedures (gradual distraction from the nonunion
site or additional corticotomy) were not performed to avoid
potential technical problems, more surgical procedures, and
not to increase the treatment time.

One of the basic goals in treatment of open tibial frac-
tures is to prevent infection. In the literature, the overall
infection rate in open tibial fractures have been reported
as 0-21% with external fixation and 0-13% with UTN [2,
9, 22, 25, 29]. Baker et al. [29] compared the infection
rate in experimental contaminated tibial fractures stabi-
lized with UTN versus external fixation. As a result of this
study, external fixation appeared to offer decreased infec-
tion rates as compared with unreamed intramedullary
nailing. Nevertheless, some clinical studies have argued
that the risk of infection is not increased in patients treated
with UTN for open fractures (except Type IIIC). Velazco
et al. [32] and Spiegel et al. [33] did not detect any signifi-
cant difference in the prevalence of infection in Grade III
open fractures treated with an external fixator or a Lottes
nail. Recently, Henley et al. [2] compared the two meth-
ods prospectively and found no significant differences in
the infection rate between external fixation and UTN. Our
results regarding infection rate at the fracture site were
similar to those of these three studies. However, if we
include pin related infections rate as a complication of
IEF, then UTN techniques have the advantage of a lower
infection rate. Since pin-tract infection resulted a deep
soft tissue infection in 12 pin sites (five patients) and
required additional surgery.

Hardware failure remains the most reported complica-
tion with unreamed nails, with an incidence of up to 3-16%
[30, 31, 34]. No broken nails occurred in our study group;
however, two patients who had fractures of the distal third
of the tibia experienced broken distal interlocking screws.
Malunion and shorthening developed after screw breakage.
Pin and wire failure may be seen in some patients treated
with IEF. However, this complication usually occurs during
bone lengthening or transport, which transmit more stress
to the pins or the wires. No broken pins or wires were
observed in our series.

The advantages of both UTN and IEF include an early
range of motion after surgical intervention; however, in the
IEF technique, the wires and pins passing through muscles
may lead to limitation of motion and joint contracture [5,
10, 19]. Our series included one knee flexion contracture
and two ankle equinus contractures in the patients treated
with IEF group. These patients refused ambulation with
weight bearing and did not continue the physical therapy
program regularly.

@ Springer



622

Arch Orthop Trauma Surg (2007) 127:617-623

Bhandari et al. [24] reported that the use of locked intra-
medullary nailing results in lower reoperation rates than
external fixation, particularly with respect to open fractures
of grades I to IIIA. The results of the present study were not
parallel with this study, because more additional operations
were performed in UTN group. The limitations of our study
include the use of different types of intramedullary nails.
Unfortunately, the selection of intramedullary nail types to
be used was done by our hospital as part of its policy
regarding implants, and not by the authors. All nails used in
this study were solid tibial nails; they differed only in their
distal screw orientations. Greitbauer et al. [34] compared
different types of solid tibial nails for treatment of closed
and open tibial fractures and reported that all solid tibial
nails gave successful results.

The results of current study showed that IEF technique
had a notable incidence of pin-tract infection, joint contrac-
ture, and shorthening related to treatment of the delayed
union. The UTN technique had a disadvantage of a post-
traumatic osteomyelitis and delayed union requiring addi-
tional surgery. We believe that the decision to use IEF or
UTN should be made on a case-by-case basis. Additional
prospective clinical studies are necessary to further explain
risks and benefits of these treatment modalities.
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