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Abstract

Introduction Because one-third of the tibia is subcutaneous throughout most of its length and its location, it is more prone
to open fractures. Open distal tibia fractures are mostly due to RTA and sports injuries. The goal of treatment is to obtain a
healed, well-aligned fracture; pain-free weight-bearing; and functional range of motion of the knee and ankle.

Materials and Methods 33 patients of the 18—-60-year age group with open distal tibia extra-articular fractures (without vascu-
lar injury), less than 3 weeks old trauma were included in the prospective study for 1 year period (1st June 2019 to 31st May
2020). 17 cases were treated with the Hybrid external fixator (HEF) and 16 cases were treated with the Ilizarov fixator (IF).
Results Significantly (P <0.05), the mean duration of surgery was less in the HEF group (67.6 min), faster union of open
type-1I fractures in the HEF group (16.4 weeks), and also a higher AOFAS score at 6 months in open type-II fractures in
the HEF group (84.4). There were two cases of equinus deformity in the IF group and one case of valgus deformity in the
HEF group.

Conclusion HEF and IF are both equally effective in the treatment of open distal tibia extra-articular fractures with the
advantage of stable fracture fixation, early weight-bearing, preserving soft tissue, minimal periosteal stripping, and provid-
ing one-staged definitive intervention. However, HEF is preferred over IF in terms of less operating time, faster union, and
a better functional outcome with minimal complications.
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Introduction

Distal tibia fractures are very common in day-to-day prac-
tise. Because of its location, the tibia is exposed to frequent
injuries. It is the most commonly fractured long bone.
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Because one-third of the tibia is subcutaneous throughout
most of its length, open fractures are more common in the
tibia than in any other major long bone [1]. Distal tibia frac-
tures include extra-articular fractures of the metaphysis and
intra-articular pilon fractures. High-velocity trauma, includ-
ing road traffic accidents and sports injuries, accounts for
approximately 37.8% of all tibial injuries [2]. The challenges
of treating these fractures are extremely damaged soft tissue
as well as comminuted metaphyseal and articular comminu-
tion [3].

Treatment depends on the closeness to the tibial plafond,
displacement of fracture, comminution, and injury to the
soft tissue envelope [4]. There is a broad consensus that the
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status of the soft tissue is the first priority, because it is the
basis of fracture healing [5]. The goal of the treatment is to
achieve a healed, well-aligned fracture without the presence
of infection; pain-free weight-bearing; and functional range
of motion of the knee and ankle [6]

Surgical intervention for open fractures is commonly
managed as one stage or multi-stage procedure with exter-
nal and internal fixation [7]. Radical debridement of the
wound outside the zone of injury, skeletal stabilization and
early soft tissue coverage with a vascularized muscle flap
is regarded as ideal management [8, 9]. Negative-pressure
wound therapy (NPWT) is a potential method to manage
soft tissue defects combined with high-grade open frac-
tures, because it accelerates protein and collagen produc-
tion, cell replication and reduces bacterial colonization of
the wound [10]. The role of modern external fixators with
circular frames and tension transfixion wires that do not
span the ankle joint have gained popularity because these
devices minimize soft tissue problems and allow for early
joint motion while providing stability for fracture union [11].
Ilizarov and hybrid external fixator are two examples of such
devices. Both methods have similar complications. Pin site
infection is a major complication. In the case of circular ring
fixators, pin site care and effective management of super-
ficial infections are important to avoid deep infection [9].
There is a paucity of studies in the available literature to
compare the outcome of Ilizarov fixator versus hybrid exter-
nal fixator in the treatment of open distal tibia extra-articular
fractures. We, therefore, want to study their efficacy in this
regard for better treatment (Figs. 1,2).

Fig.1 Cases treated with
Hybrid external fixator (HEF)

Immediate post-op

Fig.2 Cases treated with
Ilizarov fixator (IF)

Immediate post-op

After union

After union

Materials and Methods

In this study, we treated 17 cases of open distal tibia
extra-articular fractures by hybrid fixator and 16 cases by
Tlizarov fixator between 1% June 2019 and 31* May 2020.
We included all distal tibia open fractures including extra-
articular fractures, within 3 weeks duration of trauma and
without vascular injuries. Institutional Ethics Committee
clearance was obtained for the study. Patients having close
fractures, old fractures (more than 3 weeks old), pathologi-
cal fractures, and cases contraindicated for surgery were
excluded from the study.

Initial Management of Open Fractures

The wound was exposed and bleeders, if any, were ligated.
The wound was thoroughly washed with a copious amount
of fluid. More than 9 L of fluid were used in type-III open
fractures [13]. Contaminants and necrotic tissues were
removed in the emergency room as much as possible. Stay
sutures were applied in types II and III-A open fractures.
The fractured limb was splinted with the help of a long leg
POP slab. For type-I open fractures and clean type-II cases,
third-generation cephalosporin was used. For contaminated
type-II and all type-III fractures, one aminoglycoside and
metronidazole were added [11]. All contaminated cases
were debrided and operated as emergency cases within
24-48 h. Clean type-I and II cases were treated as elective
cases. Involved side knee and ankle with tibia and fibula

At 3 months

Follow-up at 6 months

Follow-up at 6 months

At 3 months
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at full-length anteroposterior and lateral view. X-rays were
taken of all patients, and a CT scan was done, if required.

Patients undergoing surgery were divided into two
groups, group A and group B. Group A was treated with
the Hybrid external fixator (HEF) and Group B was treated
with an Ilizarov fixator (IF). The operation was done on a
radiolucent table in the supine position.

Surgical Technique

After spinal anaesthesia, patients were put on a traction table
without the application of a tourniquet. Pre-assembled rings
(three full rings and four threaded rods between two rings)
were sterilised before the procedure. Bony ends were curet-
ted. All necrotic tissues and contaminants were removed.
Wounds were washed with normal saline (NS). The ring
assembly was introduced to the leg, then the first transverse
wire was passed most distal to the fracture site near the ankle
joint, parallel to the joint line. Another wire was inserted
posterolateral to anteromedially proximal to the fracture just
anterior to the fibular head. These two were reference wires.
Both the tensioned wires were fastened to the proximal and
distal rings. Reduction of the fracture site was achieved man-
ually and with olive wire under intra-operative fluoroscopic
guidance. All other wires were passed according to the
safety corridor at least 45° to the first wire. Drop wires were
also used to achieve a reduction. All the wires were fixed to
the ring on one side and tensioned on other side according
to fracture configuration. Only olive tip wires were not fixed
to the ring before tensioning. After getting the reduction in
all planes, rings proximal and distal to the fracture site were
fastened with threaded rods. In all cases, 160 rings were
used. For each ring, a minimum of two wires were used, out
of which one wire was transtibiofibular [15, 16]. Muscles
were at their maximum length while inserting the pins and
all the wires were passed through safe zones. The wire sites
were dressed with NS-soaked gauze. In the case of HEF, the
distal full ring was applied as discussed above. The fracture
was reduced under direct vision in large open fractures and
under fluoroscopic guidance in the case of a small wound.
Ankle spanning was not done as the reduction was stable. In
case of extra-articular fractures, where adequate bone stock
was available distally, a drop wire was used in the distal
fragments to enhance the stability. After reduction, three
4.5 mm half pins were passed in the diaphysis. Half pins
were passed through the normal soft tissue, pre-drilling was
done. Half pins were introduced at variable angles. Half pins
were then connected to a tubular connecting bar, and the
same bar was fastened to the ring with a universal clamp or
AO clamp. Another connecting bar was used to connect the
previous bar and ring in an oblique fashion on the lateral
side. Wounds that were amenable to closure were closed.
Open wounds were later managed by plastic surgeons. The
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fibula was not fixed regularly as fibula fixation was not
necessary in the case of external fixation [17]. Intravenous
antibiotics were continued throughout the hospital stay. The
post-operative dressing was done on the third day. After that
regular dressing was done on the large and contaminated
wounds. Pin track was cleaned with an NS swab daily and
covered with betadine pellet for 1 week. After that, pin tracks
were cleaned with NS swab twice daily. The rings and rods
were cleaned with spirit daily. The post-operative equinus
deformity was prevented by a sling fastened to the external
fixator, which kept the limb in a plantigrade position. Static
quadriceps, active knee bending, and ankle movements were
started as early as possible depending on the pain threshold
of the patients. Assisted weight-bearing was started early
depending on fracture configuration. The patient was dis-
charged between 7 and 14 days after the operation, depend-
ing on the soft tissue condition.

Follow-up

All patients were followed-up at an interval of 1 month,
3 months, and 6 months. At every visit, patients were
assessed clinically regarding ankle range of motion, walking
ability, fracture union, deformity, and shortening. Ameri-
can Orthopaedic Foot and Ankle Society (AOFAS) score
[15] was used for evaluation. X-ray of the involved leg with
ankle was done to assess fracture union and implant—bone
interaction.

Cases were considered to have achieved union when
there was no relative motion between fracture fragments
and no tenderness at fracture sites clinically; union of any
three cortices out of four in AP and lateral views radiologi-
cally. Delayed union was defined as when a fracture had
not healed in the time frame that would be expected. Non-
union was defined as no union for up to 9 months or no
radiological evidence of union for three consecutive months
[17]. The cuts off for various deformity were varus < 5°,
valgus < 50, apex anterior/posterior < 10°, rotation < 0-10°,
shortening < 10—12 mm. Functional assessment was done at
6 months. [19, 20]

Statistical Analysis

The statistical analysis of the data was performed using the
computer program, Statistical Package for Social Sciences
(SPSS for Windows, version 20.0.Chicago, SPSS Inc.) and
Microsoft Excel 2010. Results on continuous measurements
are presented as mean + standard deviations and are com-
pared using a student t test. Discrete data were expressed as
numbers (%) and were analysed using the Chi-square test
and Fischer’s exact test (where the cell counts were <5 or
0). The statistical significance was fixed at a 5% level (p
value < 0.05) for all analyses.
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Results

Pre-operative Variables

Variables Group A—HEF Group B—IF (n=16)
(n=17)
Mean Age 40.94 years 39.44 years
Sex Male: 11 (64.7%); Male: 12 (75%);
Female: 6 (35.3%) Female: 4 (25%)
Mode of injury RTA:11 (64.7%); RTA:12 (75%); self-

Side of involvement

Gustilo and Ander-
son [21, 22] clas-
sification type of
open fracture

Time interval
between trauma
and surgery

Mean duration of
surgery

Mean duration of
hospital stay

self-fall:4 (23.6%);
sports injury:2
(11.7%)

Right:10 (58.8%);
Left:7 (41.2%)

Type I:6 (35.3%);
Type 11:5 (29.4%);
Type III-A: 4
(23.5%); Type 11~
B:2 (11.8%)

0-2 days: 13
(76.5%); 3-7 days:
4 (23.5%)

67.59 min

11.76 days

fall:3 (18.8%);
sports injury:1 (6.2%)

Right:9 (56.2%);
Left:7 (43.8%)

Type I'5 (31.2%);
Type 11:4 (25%);
Type III-A: 4 (25%);
Type III-B:3 (18.8%)

0-2 days: 13 (81.2%);
3-7 days: 3 (18.8%)

91.07 min

12.67 days

Union and Functional Outcome

Variables Group A—HEF Group B—IF (n=16)
(n=17)
Mean AOFAS score  84.59 84.27

[18] at 6 months

Mean time to union
(in weeks)

John and Wruh’s
criteria [20]

(open type-1:89.0;
11:84.4; 111:80.3)

16.47

(open type- 1:14; 1I:
6.4; 111:19.5)

Excellent:8
(47.05%); Good:7
(41.2%); Fair:2
(11.8%)

(open type-1:89.6;
11:81.5; I11:81.71)

16.81

(open type- 1:14.2;
11:17.75; 111:18.3)

Excellent:7 (43.8%);
Good:8 (50%); Fair:1
(6.2%)

Complications

Complications

Group A—HEF (n=17)

Group B—IF (n=16)

Deformity

Valgus malalignment 1

(5.9%)

Equinus 2 (12.5%)

Group B—IF (n=16)
4(25%)

Complications Group A—HEF (n=17)

Pint-tract infection 4 (23.5%)

Discussion

A comparative study was conducted to compare the efficacy
of the Hybrid external fixator versus the Ilizarov fixator in
the treatment of open distal tibia extra-articular fractures. In
our study of 33 cases, 17 were treated with HEF, and 16 were
treated with IF. The mean age in the study was 40.9 years in
the HEF group and 39.4 in the IF group. The operating time
was significantly less in the HEF group (67 min) compared to
the IF group (91 min; P=0.0008). There was no significant
difference in mean AOFAS score at 6 months (P =0.953),
mean time to union (P=0.680), and duration of hospital stay
(P=0.57) between two groups. Good—excellent functional out-
come was seen in 88.25% of cases of HEF group and 93.8%
of cases of IF group with a fair outcome of 11.75% of cases
of HEF group and 6.2% of cases of IF group. The mean dura-
tion of hospital stay was 11.76 days in the HEF group and
12.67 days in the IF group. Union time was increased as the
fracture severity increased. Open type-II fractures treated with
HEF achieved union earlier than the IF group significantly
(P=0.0385). Open type-II fractures treated with HEF had a
higher AOFAS score at 6 months than the IF group signifi-
cantly (P=0.0093). There were four cases of pin-tract infec-
tions each in both the groups; one case of valgus deformity
in the HEF group, and two cases of equinus deformity in the
IF group. Status of soft tissue, degree of comminution, and
precarious blood supply make the plan of management dif-
ficult in distal tibial fractures. Long-term clinical outcome is
affected by the mechanism of injury, the status of soft tissues,
the degree of comminution, and articular damage. Open dis-
tal tibial fractures can be managed with conventional plating,
minimally invasive plate osteosynthesis, uniplanar, biplanar,
or circular external Fixators, and intramedullary interlocking
nails. The conventional method of open reduction followed by
plate and screw fixation provides good outcomes only in the
fractures with less severe, lower energy trauma. Once com-
plications including wound dehiscence and infection set in,
patients will have a lengthy stay in the hospital. Often, they
need multiple operations, and may even end up having an
amputation. The role of modern external fixators with circular
frames and tension transfixion wires that do not span the ankle
joint has gained popularity, because these devices minimise
soft tissue problems and allow for early joint motion while pro-
viding stability for fracture union. HEF provides stable frac-
ture fixation; respects soft tissue, and allows an early range of
motion and weight-bearing. It brings new complications like
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pin-tract infection. It can be used as a primary or temporary
device. [11, 25]

Comparison of HEF with Various Studies

Studies Sample size Mean follow-up Results

Tornetta et al 26 36 months Mean time
[24] to union at
(1993) 4.2 months
81% Good—excel-
lent outcome
3.85% varus mal-
union
11.5% pin-tract
infection

89.6% union rate
Mean time
to union at
3.6 months
10.4% non-union
14% superficial
pin-tract infec-
tion

Babisetal [11] 48
(2010)

14 months

98.15% union rate
Mean time

of union at

4.17 months
1.85% non-union
26% pin-tract

infections

Galante et al [25] 162 52 months

(2016)

Scaglione et al 75 24 months 94% union rate
[26] 84% Good—excel-
(2019) lent outcome
30% pin-tract
infection

100% union rate
Mean time
to union at
4.1 months
88.2% good—excel-
lent & 11.8% fair
outcome
5.8% valgus
deformity
23.5% pin-tract
infection

Our study 17 12 months
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Comparison of IF with Various Studies

Studies Sample size Mean follow-up Results

Leungetal [27] 30
(2004)

96.7% Union rate
Mean time
to union at
13.9 weeks
70% good—excel-
lent outcome
3.3% Non-union
29% pin-tract
infections

28 months

100% union rate
Mean time
to union at
14.1 months
18.5% pin-tract
infections
11.1% loss of
ankle joint
motion

Demiralp et al 27 52 months

[28] (2007)

Fadel etal [29] 20
(2013)

100% union rate
Mean time

of union at

18.6 weeks
100% good—excel-

lent outcome

26 months

Our study 16 100% union rate
Mean time
to union at
16.81 weeks
93.8% good—
excellent
outcome
25% pin-tract
infections
12.5% equinus
deformity

12 months

Conclusion

HEEF and IF both produce 100% union in a reasonable time
period with the advantage of preserving soft tissue and
minimal periosteal stripping. One of the advantages of
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both HEF and IEF is that, irrespective of soft tissue sta-
tus, immediate and definitive operative intervention can
be possible. Ankle joints can be spared by introducing
multiple wires in a short distal fragment. It can be con-
cluded that the HEF can produce a similar clinic-radiolog-
ical outcome as IF with less operating time, less pin-tract
infection, less technical demand, and less cost. However,
the study may have limitations with respect to small sam-
ple size, quasi randomization and short follow-up. Due
to short follow-up, not much can be commented on the
post-traumatic arthritis and occupational rehabilitation of
our patients.
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