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Abstract

Background: Ankle fractures are common and many require surgical intervention. It has been well
documented that type of surgery and a delay in fracture fixation results in increased length of hospital stay
and increased complication rate. Initial delay can also allow swelling or blistering to develop which may
necessitate a further delay in operative fixation up to 10 days and increase morbidity.

Patients and Methods: A prospective study of twenty-one patients presented with displaced closed
fracture of medial malleolus and treated surgically at AL-KARKH Hospital from March 2010 to September
2011; the fractures had been fixed by tension-band wiring or by malleolar screw. The patients were then
classified into two groups (15 patients in group 1 were treated by tension-band wiring, figure of eight, and
6 patients in group 2 were treated by malleolar screw fixation). The patients were evaluated clinically,
radiologically, and functionally with follow-up till complete healing.

Results: Radiological union took place in the group 1 patients (mean time 10.2 weeks) earlier than in
group 2 patients (mean time 12.2 weeks) with p=0.001. Excellent and good functional results were
achieved in 73% in group 1 patients and in 66.7% in group 2 patients with p=0.034. A better range-of-
motion (especially for dorsiflexion of ankle) was noticed in the group 2 patients.

Conclusions: Tension-band wiring may be more valid and excellent option than the malleolar screw for
internal fixation of fracture of medial malleolus, as it is more stable fixation than malleolar screw, and
allows early active exercises of the ankle and these results have to be supported by studies of larger number
of cases and longer follow-up duration, and application of other methods of internal fixation, before
recommending the optimum method for ankle fracture fixation.
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Introduction

Because of the absence of radiography and the inchoate state of biomechanics, knowledge of
ankle injuries prior to 1900 was based on clinical observations and cadaver experiments, but the
significance of these early observations is clouded by ambiguous terminology, and by the failure
of authors to distinguish experimental findings from clinical impressions M. The standard plain
radiographic views of the injured ankle are the mortise view and lateral. The mortise view is a
modified AP with the ankle internally rotated so that the malleoli are in the same horizontal
plane and the joint space is seen evenly on both sides of the ankle. This requires 10-20deg.
internal rotation. Adding, a true AP view does not add useful information and should not be part
of the standard series. We obtain ankle Xrays weight bearing when possible, but in the acute
trauma situation the patient usually cannot comply fully B9, Lateral talar translation of more
than 2mm is thought to imply a DTTL(distal tibiotalar ligament) tear and, therefore, instability
However, medial clear space was a poor predictor of arthroscopically diagnosed deltoid injury.
Some evidence favors' 4mm as the maximum medial clear space compatible with deep deltoid
competence; other evidence suggests 5mm [,

Stress radiography: Stress radiograph used for ligament tear that not shown in plain x-ray. The
above studies used a manually applied external rotation stress test. An alternative technique is
the gravity stress test 50% had an abnormal stress test, although no additional imaging or
clinical results were reported.
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Recommendations [16: 38 501,

The assessment of the evidence on displacement and stability is:
displacement is to be judged on talar position in the mortise, not
fragment position either 4mm or 5mm of medial clear space
would be justifiable as a starting point to define displacement,
but 5mm is attracting increasing supporting evidence medial
signs are probably adequate to identify important deep deltoid
injuries  stress radiography probably overestimates the
prevalence of important deep deltoid injuries prevalence of
important deep deltoid injuries seems to lie between 1-20% of
undisplaced fractures - as the highest estimate was in much the
smallest study, the true value is probably in the lower part of this
range. stress radiography is felt necessary, the gravity stress test
may be more acceptable to patients than manual test.

Biomechanics of Tension band& technique: Every
eccentrically loaded bone is subjected to bending stresses. This
results in a typical distribution of stresses with tension on the
convex and compression on the concave side of bone. In order to
restore the load — bearing capacity of an eccentrically loaded
fracture bone, the tensile forces have to be absorbed by a tension
band (wire, plate) and the bone itself has to be able to withstand
axial compression (. The method essentially involves placing a
wire loop dorsal to the midaxis of the eccentrically loaded
fractured bone, thereby converting the destructive and shear
forces tending to separate the fragments into compressive forces
across the fracture site. This tension band will exert a force
equal in magnitude but opposite in direction to the bending force
[4l, The tension — band wire results in dynamic compression. The
two kirschner wires are used to act as an internal splint
neutralizing rotational and angular displacement forces. The
compressive forces promote early fracture healing. This stable
fixation also allows early mobilization and rehabilitation 1.
bone fragment is held in reduced position with tenaculum clamp;
two 0.45 K wires are driven through the deltoid ligament and tip
of medial malleolus and across fracture site but not into
proximal tibial cortex; tension band figure of 8 wire (20 gauge)
can be anchored proximally through an anterior to posterior drill
hole in metaphysis (or by wrapping wire around head of the
screw placed oblique in metaphysis) & then passed around the K
wires and tightened fashion (double twist technique is more
reliable).

Biomechanics of lag screw: One of the most powerful and
useful compression methods is that of the lag screw. Lag
literally means "to follow". Any screw type may be used to
produce a lag effect (squeeze) as long as three criteria are met:
the screw in the near side fragment, threaded or nonthreaded,
must glide freely in the near side screw hole (gliding hole)
without engaging in the bone. Threads in the far side fragment
screw must continue to progress through the bone as the screw
turns and must firmly grip the bone without stripping. The
advancement of the head of the screw must be solidly arrested
on the surface of the near side [ 5% %1, Perfect re-alignment to
reduce the fracture is essential, and the reduction is maintained
by a bone clamp while a hole is drilled (by power drill) to
receive the screw (gliding hole) in the near cortex, the drill
diameter should be exactly equal to the core diameter of the
screw, if it is wide; the screw thread will not engage and if it is
narrow; too much force will be necessary to insert the screw and
it may break, this is done in partially threaded screw with one
drill bit, and during driving the lag screw into the hole, this
allows the fracture fragments to be drawn together as the
threaded part of the screw has been passing the fracture point.
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Another method to produce such compression is by using a
completed threaded screw with drilling the distal hole (gliding
hole) in a diameter equal to the diameter of the thread, and
drilling the proximal hole (thread hole) in a diameter equal to the
diameter of the screw core. When the lag screw is used alone,
the compression will be exerted along the screw and result in
compression at the fracture interface; this is regarded as static
interfragmental compression and it is optimum when the axis of
the screw is perpendicular to the axis of the plane of the fracture.
It is static because it does not change significantly with load; a
lag screw is efficient way of achieving interfragmental
compression and stability. It forms the basic building block of
all stable fixations. It provides interfragmentary stability but
does not provide a great deal of strength.

Conclusions: Threaded K-wires show substantial pullout
strength and similar resistance to offset axial load when
compared with partially threaded cancellous screws. These
threaded K-wires offer an alternative for the internal fixation of
medial malleolus fractures.

Fractures management principles: They can be divided into
the following;

1. Undisplaced which can be further subdivided;
A. Stable
B. Unstable

2. Displaced fracture

Displacement refers to the position of the talus in the mortise,
NOT minor displacements of the fibula. Fibular displacement in
itself is of little significance. An intact deep deltoid ligament
will keep the talus in the mortise in the face of fibular
displacement. Apparent fibular displacements do not normally
represent mortise incongruity. Residual mortise incongruity
increases the risk of late osteoarthritis, although many patients
with some incongruity or even OA have few symptoms.
Therefore, the goal of treatment is to restore tibiotalar congruity,
maintain this until fracture union and provide opportunities for
rehabilitation. Even with optimum treatment, most patients will
have some residual symptoms at long-term follow-up and they
need to be advised of this before treatment begins. Initial
management includes: management of other injuries,
management of open wounds with cleansing, dressing,
documentation and prophylaxis against pyogenic infection and
tetanus, reduction of serious incongruity, especially if the medial
skin is at risk, splintage, usually in a plaster back slab, pain
relief, explanation, Traditionally, most displaced ankle fractures
were managed by closed reduction and casting, with prolonged
non weight bearing and follow-up radiography. Early internal
fixation techniques emphasized stabilization of the medial
malleolus with screws or k.wire & tension band, believing that
the lateral malleolus contributed little to ankle stability

Pragmatic treatment, Cost Benefit with Early Operative
Fixation of Unstable Ankle Fractures:- It has been well
documented that a delay in fracture fixation results in increased
length of hospital stay and increased complication rate. Initial
delay can also allow swelling or blistering to develop which may
necessitate a further delay in operative fixation for up to 1 week.
So early operative intervention for ankle fractures reduces the
length of hospital stay, intensive physiotherapy and co-ordinate
discharge planning are also essential ingredients for early
discharge & has substantial cost-saving implications with no
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increase in complication rate. The combined policies of early
operative fixation and pro-active discharge planning minimize
the financial implications of caring for this common fracture 24,

The influence of risk factors on the morbidity

Ankle fractures and older patients: Ankle fractures in the
elderly are associated with osteoporosis. They are more likely to
have a stable configuration, especially in women and can be
treated in the same way as undisplaced fractures in younger
patients 7, Displaced fractures require reduction and
stabilization, as an alternative to plating the lateral malleolus,
fibular nailing has been described . Results were probably
comparable with those of plating, possibly with fewer wound
complications.

Ankle fractures and alcoholism: The postoperative morbidity
after osteosynthesis of malleolar fractures was investigated
retrospectively by comparing 10 alcohol abusers with 10
controls. The two groups were selected male patients and were
matched regarding trauma, treatment for cardiovascular,
pulmonary and endocrine diseases, age, weight, smoking habits,
anaesthesia and duration of surgery. The alcohol abusers
developed significantly more early complications, especially
infections, after surgery. Follow-up at six, nine and 12 weeks
after surgery also revealed a significantly higher morbidity
among the alcoholics, added to that ankle fracture tend to occur
at higher rate than others because of unstable gait in alcoholics.

Ankle fractures and Diabetics: The risks of treating ankle
fractures in diabetics are higher than in nondiabetics whether
surgical or closed methods are used [62. Infection and skin
breakdown are the main problems, and peripheral vascular
disease, neuropathy and swelling increase the risk. The risk of
wound failure after ORIF has been reported at 30-50%. In open
fractures the wound complication rate is 60% and the risk of
amputation may be as high as 40% (White et al. 2003) [, In
addition a fracture of the ankle may precipitate Charcot
arthropathy in diabetics with peripheral neuropathy 4. In high-
risk neuropathic fractures transarticular fixation may give better
stability than traditional osteosynthesis [%5. As in treating any
foot and ankle problems in diabetics, it is extremely important to
assess the severity and control of the diabetic condition and the
presence of peripheral vascular disease, neuropathy, cardiac and
renal failure. At the moment it seems reasonable to treat
fractures in non-neuropathic patients on the same principles as
the general population, but warning of increased risks,
protecting for longer and monitoring for late displacement. In
neuropathic patients we would consider treating displaced
fractures with retrograde nails.

Operative treatment
Approaches to the medial malleolus: The patients are operated
on under general anesthesia, patients are positioned supine, a
sand-bag or a pillow below the affected ankle (according to
surgeon's preference), and an Esmarch or Pneumatic tourniquet
was applied to the lower limb. Preparation of the skin was done
by povidone iodine 10%, starting from below the site of
tourniquet application and involving the toes.

1. Anteromedial approach; it offers an excellent view of
medial malleolar fracture, and permits inspection of
anteromedial ankle joint and anteromedial part of the dome
of talus.

2. Posteromedial approach;it allows reduction and fixation of
medial malleolar fracture and visualization of the posterior
margin of the tibia.
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Fixation of medial malleolus: Fixation of the medial malleolus
usually consists of single or two malleolar screw (4.5mm
malleolar or 4mm partially threaded cancellous screws) oriented
perpendicular to the fracture, vertical fracture of the medial
malleolus require horizontally directly screw. Small fragment
can be fixed with one malleolar screw or one malleolar screw
and one kirschner wire or with two 1.6mm or 2mm smooth
kirschner wire and a tension band. Fixation with a small
semitubular buttress plate may be necessary to adequately
stabilize vertical fracture that extends high into metaphysis.

After treatment: The ankle is immobilized in a posterior plaster
splint with ankle in neutral position and elevated. If the bone
quality is good and the fixation is secure, the splint can be
removed in 2-4 days and replaced with a removable splint.
Range of motion exercises is then begun. Weight — bearing is
restricted for 6 weeks, after which partial weight bearing can be
started if the fracture is healing well. Full weight bearing is
allowed after 12 week. If poor skin condition, low bone quality,
or insecure fixation, the fracture must be protected longer.

A wobble board: Is an excellent piece of exercise equipment

that helps, enhance balance and ankle strength. If you have

injured your ankle, you might find it difficult to regain strength
and stability. Using a wobble board can aid rehabilitation or help
prevent injuries.

1. Begin Slowly: Sit in a chair and place both feet on the
wobble board about shoulder-width apart. Rotate the
wobble board in all directions with your feet.

2. Rock the Wobble Board: Standing at the back of a chair,
set the wobble board down and grasp the chair back for
balance while you stand on the wobble board, your feet
about shoulder-width apart. Rock on the wobble board back
and forth and then from side to side. Do this slowly for
about three minutes.

3. Rotate the Wobble Board While Standing Stand on the
wobble board. Slowly rotate the board around and around so
that the edges of the board come in contact with the floor.
Do this for up to three minutes.

4. Balance on the Wobble Board: Eventually, as you gain
more strength and balance, you will feel confident enough
to stand on the wobble board. Try to stand on the board for
at least three minutes while trying to keep the board still.

Surgical Indications

1. Fractures in which anatomic position of the ankle cannot be
obtained or maintained by nonoperative methods. 2.
Displaced fractures of medial malleolus should be treated
surgically because persistent displacement allows the talus
to tilt into varus. 3. Most displaced bimalleolar fractures. 4.
Nondisplaced Weber type c fractures are deceivingly
innocent — looking but are often redisplace in cast, arguably,
therefore, type c fracture are better fixed from outset. 5.
Trimalleolar injuries: fractures of the posterior articular
surface of the tibia require or if when more than 25% of the
articular surface is involved. 6. Multiple injuries, 7. Patient
in whom ORIF and early functional weight bearing
management would be expected to convey an advantage.

Complications

= Immediate
Fracture blisters
Vascular injury.
Early
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= Wound breakdown.

= Infection.

= Late

= Incomplete reduction.
= Non-union.

= Joint stiffness.

= Algodystrophy.

= Post-traumatic arthritis

The aim of the current study: To compare surgical fixation of
medial malleolar fracture by malleolar screw and review the
patient stay for operative ankle fractures over the previous 19-
month period at our hospital with the tension band wiring &
complication following the introduction of a fast-track system
for the fixation of these fractures and find out the preferable
method to achieve early mobilization and prevent contracture
and stiffness with less complication and better healing rate.

Patient and Method: From March 2015 to September 2016 at

Al-KARKH Hospital, we evaluate randomly 21 patients with

displaced closed fracture of medial malleolus treated by open

reduction and internal fixation with either malleolar screw or

with tension-band wiring. The fracture were classified according

to Danis-Weber classification and we exclude those with vertical

fractures of medial malleolaus that’s because these fracture

require horizontally placed screws and also difficult to be fixed

internally by tension-band wiring.

They were then classified into one of two groups:

e Group 1: which include 15 patients with tension-band
wiring loop fixation method

e Group 2: which include 6 patients with a malleolar screw
and washer fixation method. The surgery was performed
within 48 hour.

Fixation of the medial malleolus

e Antibiotic therapy should begin immediately before surgery
(22 hours before incision and ideally 30 minutes before skin
incision)

e Under general aneasthesia, patients were positioned supine,
a sand-bag or a pillow below the affected ankle (according
to surgeon's preference) and an Esmarch or pneumatic
tourniquet was applied to the lower limb.

e Preparation of the skin done by povidone iodine 10%
starting from below site of tourniquet application and
involving the toes.

e We made an anteromedial incision that begins
approximately 2cm proximal to the fracture line, extends
distally and slightly posteriorly, and ends approximately
2cm distal to the tip of medial malleolus. We prefer this
incision for two reasons: first, the posterior tibial tendon and
its sheath are less likely to be damaged, and second, the
surgeon is able to see the articular surfaces, especially the
anteromedial aspect of the joint, which permits accurate
alignment of the fracture.

e The skin handled with care, reflecting the flap intact with its
underlying subcutaneous tissues. The blood supply to the
skin of this area is poor, and careful handling is necessary to
prevent skin sloughing. Protect the greater saphenous vein
and its accompying nerve.

e Usually the distal fragment of the medial malleolus is
displaced distally and anteriorly, and a small fold of
periosteum commonly is interposed between fracture
surfaces, this fold should remove from the fracture site with
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a curette or periosteal elevator or even a knife, exposing the
small serration of the fracture.

e Small, loose osseous or chondral fragments were debrided.

e With bone holding clamp or towel clip, we brought the
detached malleolus into normal position, and while holding
it there, internally fixed it with two 2-mm smooth k. wires
drilled across the fracture site & the tension band wiring or
malleolar screw is applied

e In group 1 patients, the medial malleolus drilled across the
fracture and fixed with the two 2-mm smooth k. wires
perpendicular to the fracture line, the k. wire should be
parallel and their ends are bent at 90 degree angle; this will
prevent the figure of eight wire from slipping over exposed
ends of k. wire, a hole is drilled in the proximal part of tibial
fracture and then a stainless steel wire 1.2 mm AO passed
through the previously drilled hole and around both bent
ends of k. wire in a figure of eight and then the wire
tightened (especially if detached fragment was small or
comminuted). In group 2 patients, a 3.2mm hole was drilled
in a superior posterior direction while distal segment was
held reduced with pointed clamp or with 2 k. wires bent to
stay out of way as temporary fixation device, length of the
hole was measured, and malleolar screw was inserted
without tapping till it reached the other cortex. K. wires
were removed after screw was tightened. in 2(33.3%) cases,
the fragment were large and tend to rotate, so we used
additional point of fixation (a second malleolar screw) The
interior of the joint is carefully inspected, particularly at the
superiomedial corner to insure the screw has not crossed the
articular surface. Bulky hardware should be avoided to
prevent wound complication of this poor coverage area. If
both medial and lateral malleoli are fractured, we have to fix
lateral malleolus first to restore length of fibula and then
medial malleolus is fixed. Then integrity of the syndesmosis
evaluated intra-operatively by grasping the intact or plated
fibula with a hook or clamp and pulling it laterally, in 3
(14%) cases out of 21, lateral displacement more than 3-
4mm occurred and therefore fixation by syndesmotic screw.
At the end of operation, the tourniquet removed or deflated,
good haemostasis obtained, and the wound closed, with
interrupted suture (3/0 or 4/ nylon or silk). We avoided tight
stitches to prevent necrosis of the skin edge; we applied
thick sterilized padding and a posterior plaster splint with
the ankle in neutral position.

Postoperative management &follow up

Elevation of the foot until all swelling has resolved,
administration of analgesia and the dressing reduced to well fit
sterile gauze dressing followed by posterior plaster splint to
prevent the foot from dropping into equines posture. After 48
hour, under supervision, active ankle movement within the
comfortable range of motion were encourage several times daily,
but the posterior plaster splint is re-applied between interval of
treatment, at least comfortable active dorsiflexion above right
angle was easily performed, at that stage, the backslab can be
used only as night splint. Old patients may be referred with
premorbid condition for physical therapist as they require formal
physical therapy to successfully regain range of motion and
strength. Once wound healing is assured (stitches should be
removed after 10 to 14 day) and the wound examined and any
complication was reported and treated accordingly, and progress
is observed in regaining joint movement at 10 to 14 days, Six
weeks, three months and six months after operation. The patient
may begin walking using crutches but without bearing weight
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and provided the fixation was regarded as stable, when there is
any doubt about the stability of the fracture and patient
compliance, a protective walking cast should be applied before
discharge from hospital. Unprotected weight bearing is delayed
until 6-8 weeks from operation, and where diastasis screw had
been used, this should be removed first. The introduction of
weight bearing will vary from patient to patient and will depend
on the quality of the surgical fixation, local tissue factor and
radiological control of the progress to bony union. Any
appearance of the additional swelling, local warmth or redness
would indicate the need to adopt a more cautious program of
rehabilitation. In general, implants were removed from between
6 and 12 months from insertion.

The Results: The patients' data and correlated result are shown
in the table;

Table 1: The profile of 21 patients with medial Malleolar fracture

Groupl Tension band Group2
wiring Malleolar screw
Mean age in years 43.2+9.6 41.5+17.6
Male : Female ratio 8:7 2:4
Right : Left ankle 9:6 2:4
Causes of fracture
Fall from height 5 1
Twisting 4 2
Road traffic accident 6 3
Fracture type
Transverse 9 4
Oblique 6 2

Regarding age, gender, side, etiology or type of the fracture,
there is no significant difference between two groups, table (2).
Postoperative radiographs reveal anatomical reduction in both
groups, in which the mean time for radiological bone union
(indicated by disappearance of the fracture line) was about 10.2
weeks ranging from 6 to 13 weeks in group lpatients and 12.2
weeks ranging from 8 to 19 weeks in group 2 patients (p=0.001)
as in figure [, Stable fixation, normal fracture healing, and no
patient had malunion, nonunion, or loss of reduction or signs of
fixation failure or kirschner wires migration. Although better
range of motion was noticed in group 2 patients (66%) as
compared with groupl (53%), it improved later on with follow
up and physiotherapy and so there is no limitation of movement
or swelling and good range of joint motion in both groups.

Discussion

Broken ankles affect all ages, during the past few years there
was an increase in the number and severity of broken ankles,
due in part to road traffic accident, an active, older population of
"baby boomers." In this study we are concerned about medial
malleolar fracture, two different methods used for fixation either
K.wire and tension band wiring or malleolar screw with variable
results and we tried to find out which of those two methods
result in better function and radiological outcome, so we put the
patients into two groups; group (1) those are fixed with k. wire
and tension band wiring (15 patient) and group (2) those are
fixed with malleolar screw (6 patients) Tension band is more
technically advantageous and it is stronger construct and stiffer
over other types of fixation for fixation of avulsion fractures,
osteoporotic bone fracture of medial malleolus [*3 5% 731 that are
too small to accept screw fixation. And Single screw fixation
may provide poor stability against torsional force especially if
fractured piece is large which may require additional fixation
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with malleolar screw. Limitation of ankle movement & swelling
in this study was 10 degree dorsiflexion & 5 degree planter
flexion in group 1 patients and non in group 2 patients and the
former improved later with follow up good physiotherapy.
Better range of motion was noticed in group 2 patients (66%) as
compared with groupl (53%), this could be attributed to wide
tissues dissection that was needed with use of tension band
wiring. These results may be similar to the results of
SKNurulAlam [ who reported in his study that the group
treated with malleolar screw showed better range of motion. No
complication such as osteoarthritis was reported in this study
which was assessed by radiologic finding of joint space
narrowing, osteophyte formation and ligament calcification and
this is because of stable anatomical reduction and no nonunion
case. There is no significant difference between two groups
regarding age, gender, side, etiology or type of the fracture, and
probably due to small number of patients or short period of
follow up.

Conclusions

1. The preliminary results of the current study suggest that
tension-band wiring may be more valid option for internal
fixation of medial malleolus fracture than malleolar screw
fixation.

2. The tension-band wiring, in practice is more stable fixation
& technically advantageous for small and osteoporotic
fragment fixation than malleolar screw, faster radiological
union and allows early active exercises of the ankle.

3. Most complications that are related to the use of tension-
band wiring fixation may be avoided by careful attention to
the surgical technique (excessive pressure with bone clamps
to hold the fracture reduction must be avoided to prevent
crushing of the fragment particularly if the bone is
osteoporotic. The fragment reduction instead can hold
temporarily with kirschner wire and also excessive tighten
and twisting of tension band wire to prevent cutting off).

4. Screw fixation alone may provide poor stability against
torsion forces and may require an additional point of
fixation which may be a second screw or kirschner wire.

5. Careful and meticulous soft tissue handling is important for
prevention of postoperative wound complications, delayed
union, and joint stiffness.

Recommendations
A study with larger number of patients with longer duration of
follow up is needed to get precise results.

Abbreviations

(BKW) below knee walking, (MS) malleolar screw, (LS) lag
screw, (LT) left, (RT) right

(TBW) tension band wire K.wire kirschner wire, (FIG) figure,
(HR) hour, (DEG) degree,

(MUA) manipulation under anesthesia, (ORIF) open reduction
internal fixation,

(MCS) medial clear space, (REF) reference, (RTA) road traffic
accident, (Yr) year, (FFH)fall from hight.
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