
Introduction
In open fractures external fixation is a percutaneous
technique of immobilisation of bone. External fixation is
easily applicable, frame-adjustable, minimises blood loss
and is also a useful salvage procedure for the
complications occurring from extremity trauma.1 Open
proximal and distal tibial fractures are common
presentations at orthopaedic emergency and trauma
centres.2 Fractures of distal tibia, particularly metaphyseal
region treatment choice, is influenced by the involvement
of the fracture to the Plafond with comminution,
displacement and soft-tissue envelope injury. For
extensive soft tissue injury and wound contamination, the
successful treatment is external fixation.3

In 1981 Professor Syed Muhammad Awais of the
Department of Orthopaedic Surgery, King Edward
Medical College and Mayo Hospital Lahore, introduced
the first Naseer-Awais External Fixator4 (NAEFS-NA-1).

From 1982 to 1984, five papers were presented on the
development and use of these scientific instruments in
national and international conferences within the country
and abroad. For fracture and leg lengthening, mono-
lateral and multi-axial NA-1 fixator is used.5 Several
problems were encountered, mainly too many free joints,
and were stabilised with this system (Figure-1). In 1998
more designs of NA-Fix were conceived and followed by
Ilizarov's method.

Naseer-Awais External Fixation System (NA-5) was
another advancement of the same department. NA-5 is in
fact a Modular External Fixation System (MEFS) in which
components of different sizes are assembled together
and used in different situations. Present MEFS is unique in
its simple design, dependable strength, easy and fast
application, and its ability to be used for the management
of a wide range of problems. Technically, both
compression and distraction could be produced
separately or simultaneously at two levels of same bone.
T-shaped clamp was developed in 2004 as its
advancement to allow Shanz Screw insertion for the small
distal and proximal fracture fragment stabilisation.
Rotating clamps for each Shanz Screw is a choice now
available to prepare the construct like T-clamps with
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rotating pin clamps and static Pin Plates of different sizes
(Figure-2).

NAEF is cost-effective and well tolerated by patients
compared to other sophisticated dynamic axial fixators
because in our circumstances, most patients belong to
poor socio-economic conditions and it is easy to apply on
them. Application of compression and distraction can be
achieved through this procedure and it also helps to
enhance healing of the fracture in the open fractures of
tibia.6,10 Compared to other unilateral external fixators are
not available in our country. It is more stable because at
least four Shanz Screw can be introduced through T-
clamp.

Literature showed that distal tibial fracture because of it
subcutaneous anatomy is common. Presently proximal
tibial fracture is not uncommon. This study was designed
to evaluate the union time, and to compare the
complications like non-union and joint stiffness between
two groups using NAEF, hypothesising that NAEF with T-
clamp is equally effective in both types of fractures.

Material and Methods
The descriptive case series was conducted from August
2009 to July 2012 at Department of Orthopaedic Surgery

& Traumatology, Liaquat University of Medical & Health
Sciences, Jamshoro, and comprised in-patients of open
proximal and distal fractures of tibia who were divided
into two equal groups: group A had distal and group B
had proximal patients. Extra-articular open fractures
Gustilo I, II, IIIA and IIIB of proximal and distal ends of tibia
in adults of either gender were included. Patients having
multiple fractures, associated head injury, co-morbidities
like hypertension and diabetes were excluded. Gustilo
type IIIC intra-articular fractures of proximal and distal end
of tibia were also excluded. Convenience sampling was
used to manage the study population.

After admission, detailed examination was done,
focussing on the fractured limb, soft tissue injury with
stability of joints above and below the fracture site. NAEF
was applied within 48 hours of the admission and
repeated surgical toilet was done to deal with soft tissue
injuries, which were finally managed as indicated,
including delayed primary closure, partial thickness skin
graft and local faciocutaneous flap.

Post-operative radiograph was taken on the same or next
day of surgery. Clinical assessment and examination of
wound was done twice a week till the wounds were fully
healed and the patients were mobilised by non-weight-
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Figure-1: Various sizes of threaded rods and hollow pipes and simple 3 and 2 pin clamps of Naseer Awais External Fixator (NAEF).

Figure-2: Nasser Awais External Fixator with T-clamp.



bearing movement with the help of either crutches or
walking frames. The standard review regime was every
week for 4 weeks, 3 weeks for 3 months, then every 6
weeks for 4 months, and finally 8 weeks for 6 months.

Compression and distraction alternatively was performed
at weekly interval after the first 03 weeks of application of
external fixators in both groups to enhance osteoblastic
activity for the achievement of early callus formation.
Dynamisation of external fixator was done when the
patient achieved full weight-bearing.

Fractures were considered united when tenderness or
movement at fracture site was clinically absent and
fracture line was not visible on the radiograph. Below-
knee plaster cast was applied for 02 to 03 weeks after the
removal of NAEF and all patients were followed up for 12
months.

Records of every patient, from admission to discharge,
and their assessment in the review clinics till the final
check-up, were maintained through a designed proforma
and data was analysed using SPSS 17.

Results
Overall, there were 30 patients; 15(50%) in each of the two
groups. The mean age in group A (Figure-3) was 28.9±9.43
years and 34.3±14.60 years in group B (Figure-4). There
were 11(73.3%) males and 4(26.7%) females in group A,
and 15(100%) males in-group B. In terms of mode of
injury, there were 17(56.7%) cases of road traffic accident
(RTA); 8(53.3%) in group A and 9(60.0%) in group B.
Besides, there were 5(16.7%) cases of firearm injury,
3(10.0%) each related to fall from height and assault, and
1(3.3%) each of blast and machine injury.

According to Gustilo classification, 11(36.7%) type IIIA
were seen; 6(40.0%) in group A and 5(33.3%) in group B.
There were 9(30.0%) cases of type IIIB; 3(20.0%) in group A
and 6(40.0%) in group B (Table-1).

Mean partial weight-bearing walking was 11.800±3.88
weeks (range: 8-19 weeks) in group A and 15.13±2.19
(range: 12-20 weeks) in group B. Mean full weight-bearing
was 16.60±3.04 weeks (range:11-23 weeks) in group A
and 17.46±2.97 (range: 10-22 weeks) in group B. Mean
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Figure-3: Distal tibia fractures stabilised with NAEF with T-clamp.

Figure-4: Proximal Tibia Fractures Stabilised with T-clamp.



fracture union time in group A was 17.20±2.93 weeks
(range:11-23 weeks) and in group B it was 23.53±2.44
weeks (range: 19-28 weeks).

NAEF T-clamp was removed in all cases. Highly significant
difference was seen in the two groups with mean NAEF T-
clamp time of 20.06±3.22 weeks in group A (range: 14 to
25 weeks) and 25.93±2.40 in group B (range: 22-30
weeks). Complications were pain during walking and pain
site osteolysis. Out of 9(30.0%) cases of pain during
walking, 3(20.0%) cases were found in-group A and
6(40.0%) cases were in-group B. Pin site osteolysis was
seen in 9(30.0%); 5(33.3%) in group A and 4(26.7%) in
group B. Pin tract infection was observed in 10(33%) cases
in group A and 11(36%) in group B. Ankle joint stiffness
was seen in 2(6.7%) cases in group A and knee joint

stiffness was seen in 2(6.7%) cases that were found in
group B (Figure-5).

Natural healing and closure of the injury was observed in
5(17%) cases, delayed primary closure was done in
12(40%), partial thickness skin graft was done in 8(27%),
while local fasciocutaneous flap was done in 5(17%) cases
to deal with the skin defect. Clinical results were excellent
in 13(86.6%) patients in group A and 12(80%) patients in
group B, good in 1(6.6 %) patients in group A and
2(13.3%) in group B, and fair in 1(6.6 %) patient in group A
and 1(6.6 %) in group B (Table-2).

Discussion
Proximal and distal tibia fractures with intra-articular
extension have become a challenge for orthopaedic
surgeons because altered procedures of treatment have
been recommended, including limited internal with
external fixation, as well as open reduction and internal
fixation.7

In the 20th century two studies reported satisfactory
percentage of good to excellent short and long-term
results with surgical methods.8

In this study, majority of patients were males. The male-
to-female ratio seen in group A was 2.75:1 compared to
group B which was 100% male. This can be attributed to
Pakistani setup where the female population largely
works indoor or in agricultural fields and does not travel
much. The higher rate of fracture among males clearly
correlated with the lifestyle of male, especially in our part
of the world. The males are more involved in outdoor
activities and the young male are more enthusiastic about
life and are likely to be careless drivers. Females usually
have a sedentary lifestyle and are less involved in driving
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Figure-5: Comparison of complications in groups (n = 30).

Table-1: Comparison of Gustilo Classification in both groups.

(n = 30) Distal Proximal Total
n = 15 n = 15

Type of Fracture:
G1 2(13.3%) 2(13.3%) 4(13.3%)
GII 4(26.7%) 2(13.3%) 6(20.0%)
IIIA 6(40.0%) 5(33.3%) 11(36.7%)
IIIB 3(20.0%) 6(40.0%) 9(30.0%)

Table-2: Clinical Results.

Clinical Results Group A Distal (n=15) Group B Proximal (n=15)
No: of Patients (%) No: of Patients (%)

Excellent 13 86.6 12 80
Good 1 6.6 2 13.3
Fair 1 6.6 1 6.6



which is a common cause of accidents. Earlier studies
have reported 4:1 and 2.1:1 male-female ratio.9,10

The age of our study population ranged from 15 to 60
years. The fractures were most common in the 2nd and
3rd decades in our study. Earlier series also show higher
incidence of fractures in younger age groups. One
showed age range from 20 to 60 years with a mean of 32
years11 and another12 showed average age of 37 years.

RTA was the most common cause of fracture of tibia.13

Due to limited sources of income, motorbike is the main
mode of transportation of the middle class and in
accidents involving motorbikes, tibia is commonly
affected. The farmers, housewives, retired people have a
comparatively lesser fracture rate as they do not travel
frequently, whereas workers and labourers tend to have
serious injuries commonly due to industrial accidents,
automobile accidents, housewives sustaining fractures
through fall from height when they climb up some ladder
or stool to pick up objects from the shelves.

The present study showed the most common mechanism
of tibial fractures as RTAs with 17(56.7%) patients;
8(53.3%) in group A and 9(60.0%) in group B. They were
followed by firearm injury 5(16.7%), fall from height
3(10.0%), assault 3(10.0%) and blast 1(3.3%). In one
study,16 the leading cause of limb injury accounting for
76.8% (53 patients) was RTA, assault in 7(10.1%), fall
3(4.3%), gunshot 4(5.8%) and other causes in 2.9%
patients.

In our study, majority of cases were seen in type IIIA
11(36.7%), while 9(30.0%) cases were seen in type IIIB.
One series14 of 30 patients of tibia fractures, 5(16%) in
type I, 6(20%) in type II, 12(40%) in type IIIA and 7(23%)
were in type IIIB. Another study15 stated that 8, 12 and 13
fractures were grade II, III, and I respectively.

Longer the duration of hospital stay, greater the burden
on the patient financially and psychologically. Ideal
treatment should therefore minimise the duration of
hospital stay. The mean hospital stay in this study in group
A (distal) was 12.9±9.03 days and in group B (proximal) it
was 22.0±12.17 days (range: 1-45 days). It is comparable
to other studies where the mean hospitalisation period
was 21.25 days.12

Weight-bearing is very important for callus formation
during fracture healing. Weight-bearing increases the
formation of bone in fracture healing and lack of weight-
bearing decreases the amount of woven bone that is
formed in healing of fractures. Weight-bearing is essential
for articular cartilage regeneration. Weight-bearing is also
helpful in preventing deep vein thrombosis (DVT).

Movements of the ankle and weight-bearing improve
venous peak velocity and assist in thromboprophylaxis.
Factors that affect adversely fixation stability include the
degree of comminuting and fracture, inadequate
reduction or fixation of the fracture, and severe bone
demineralisation.16 In our study, partial weight-bearing
walking was 11.800±3.88 weeks with the range from 8 to
19 weeks in group A and partial weight bearing walking
was 15.13±2.19 (range: 12-20 weeks) in group B. While full
weight-bearing was 16.60±3.04 weeks (range: 11-23
weeks) in group A and 17.46±2.97 weeks (range: 10-22
weeks) in group B. One study17 on external fixation over
the tibia presented average time to partial weight-
bearing walking as 36 days and to full weight-bearing as
65 days.

Fracture healing depends upon systemic and local
factors.18 Multiple patient factors have been shown to
contribute in delayed union and non-union of fractures.
One of them is malnutrition, which often goes
unrecognised. Adequate protein is required for healing,
and inadequate caloric intake has been shown to
contribute to delay in union and non-union. Cigarette
smoking has been shown in numerous clinical and
experimental studies to have an adverse effect on fracture
healing.19 Infection prevents union at fracture site. The
soft tissue dissection and, disruption of the bone blood
supply by the plate-screw-bone construct should be
minimised to promote callus formation. Stable fixation is
essential for fracture healing. The implant used must resist
physiological loads to allow fracture union by limiting
fracture gap stress, provide sufficient stability to permit
early limb motion, and not fail before fracture union
occurs.20 In our study, we achieved union.

In group A (distal), union time was 17.20±2.93 weeks
(range: 11-23 weeks); while in-group B (proximal) it was
23.53±2.44 weeks (range: 19-28 weeks). It is comparable
with a study21 that showed union in 12-20 weeks in 83.3%
patients.

In our series, NAEF T-clamps were removed in all cases.
Highly significant difference was seen in both groups with
mean NAEF T-clamp 20.06±3.22 weeks in group A (range:
14-25 weeks) and 25.93±2.40 weeks in group B (range: 22-
30 weeks), while a study 17 revealed that T-clamp was
removed at 20.07±0.84 weeks.

In our study, majority of postoperative complications
were higher in group A compared to group B. Pain during
walking and pain site osteolysis occurred in majority of
the cases. Out of 9(30.0%) cases of pain during walking,
3(20.0%) were in group A and 6(40.0%) were in group B,
pain site osteolysis in 5(33.3%) cases were seen in group
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A, while 4(26.7%) cases were in group B. Ankle joint
stiffness occurred in 2(6.7%) cases in group A and knee
joint stiffness was seen in 2(6.7%) cases that were in group
B. Non-union and delayed union were not found and
prevented from enhancing macro movements at the
fracture site by stability of fixator through tightening of all
clamps by nuts and bolts during follow-up. Another
study22 reported the complications in 12(35%) patients: 1
skin slough, 5 pin tract infections, 3 deep infections, 3
non-union, and 3 loss of reductions necessitating frame
revision.

In spite of all these associated bone fractures and
complications we were able to achieve excellent results in
13(86.6%) patients in distal group versus 12(80%) patients
in proximal group, good 1(6.6%) patient in distal versus
2(13.3%) in proximal group, and fair in 1(6.6 %) patient in
distal versus 1(6.6%) in proximal group. However, one
study[23] showed excellent results in 7(35%) cases, good
in 8(40%) cases and fair in 4(20%) cases.

Conclusion
NAEF with T-clamp is a safe and excellent technique to
manage both proximal and distal tibial fractures with
respect to a high rate of union and a low complication
rate. When managed by NAEF, union time of distal tibial
fracture is less compared to proximal tibial fracture.
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