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Abstract:
Background: Treatment of metaphyseal fractures of proximal and distal
tibia in situations like open fractures, severe soft tissue swelling and skin
blisters or impending compartment syndrome is challenging. Minimally
invasive techniques using Mini External Fixator allows stable fixation
of fracture in cancellous bone of Metaphyseal region, minimal soft tissue
disruption during fixation, easy wound care, early joint mobilization and
union. Aim of our study is to evaluate a simple, minimally invasive, surgeon
and patient friendly, low cost, technique of Mini External Fixator for the
management of metaphyseal fractures of proximal and distal tibia.
Materials and Methods: 27 patients of proximal and distal metaphyseal
fractures of tibia with either open fracture or closed fracture with severe
soft tissue swelling and skin blisters or impending compartment syndrome
were treated at our institute between February 2010 and August 2015.
Inclusion criteria was proximal and distal tibial metaphyseal fractures with
either open fracture or closed fracture with severe soft tissue swelling and
skin blisters or impending compartment syndrome. Comminuted intraarticular and articular surface depression fractures requiring open reduction
and bone grafting were excluded from the study. Percutaneous Mini External
Fixator was used as primary modality of treatment in all these Patients. The
functional results were assessed according to Klemm and Borner scoring
system.

Results: 27 patients were followed up for an averaged
period of 23 months (range 6 to 33 months). 16
Patients had proximal metaphyseal fractures of tibia
and 11 Patients had distal metaphyseal fractures of
tibia. 15 Patients had open fractures and 12 Patients
had poor skin condition due to Blebs/Abrasions/
Ecchymosis. After treatment with MEX Fixation 25
fractures united satisfactorily and the mean time to
union was 13 weeks. Two Patient had non-union. In
thesePatients, open wound was completely healed
while the patients were in Mini External Fixator. They
were treated with second stage Minimally Invasive
Plate Osteosynthesis.
Conclusion: Our study results demonstrated good
results with MEX Fixator for proximal and distal
metaphyseal fractures of tibia associated soft tissue
injuries, skin blisters or impending compartment
syndrome.

Union and soft tissue healing, both of

these are achieved in a single stage.
Keywords: Metaphyseal fractures, Tibia, Mini External
Fixator.
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Introduction
Treatment of metaphyseal fractures
of proximal and distal tibia in situations
like open fractures, severe soft tissue
swelling and skin blisters or impending
compartment syndrome is challenging.
The principles for treatment are to
have satisfactory reduction, to achieve
axial limb alignment, stable fixation
and minimal soft tissue and periosteal
stripping. The goals are to achieve
union, to achieve full knee and ankle
range of motion and to minimize
complications. Open reduction and
internal fixation with plating has
got its own morbidity, especially in
conditions of open fractures and poor
skin condition or deficient skin cover.1-8
Minimally invasive techniques using
Mini External Fixator allows stable
fixation of fracture in cancellous
bone of Metaphyseal region, minimal
soft tissue disruption during fixation,
easy wound care and early joint
mobilization.8,1
We evaluated the results of patients
of metaphyseal and metadiaphyseal
fractures of proximal and distal tibia
with either open fractures or closed
fractures with severe soft tissue
swelling and skin blisters or impending
compartment syndrome. They were
treated with percutaneously applied
Mini External Fixator with minimal
percutaneous
additional
internal
fixation wherever necessary. Aim
of our study is to evaluate a simple,
minimally invasive, surgeon and
patient friendly, low cost, technique
of Mini External Fixator for the
management of metaphyseal fractures
of proximal and distal tibia.

Materials and Methods
This study involved retrospective
evaluation of 27 patients of fractures
of proximal and distal metaphysis
of tibia associated with either open

wound or poor local skin condition
due to Blebs/Abrasions/Ecchymosisor
impending compartment syndrome.
All these patients were treated at
our institute between February 2010
and August 2015. Permission of the
study was granted by Institutional
Review Board. Inclusion criteria was
proximal and distal tibial metaphyseal
fractures with either open fracture or
closed fracture with severe soft tissue
swelling and skin blisters or impending
compartment syndrome. All Patients
with closed fractures without any skin
and soft tissue problems were treated
by other modalities of treatment
and were excluded from the study.
Comminuted
intra-articular
and
articular surface depression fractures
requiring open reduction and bone
grafting were excluded from the study.
29 Patients fulfilling the inclusion and
exclusion criteria were evaluated, out
of which 2 patients follow up data
was not adequateand hence data of 27
Patients was evaluated.
Antero-posterior
and
lateral
radiographs were used to assess
the fracture pattern and degree of
displacement. Percutaneous Mini
External Fixator was used as primary
modality of treatment in all these
Patients. The procedures were done
under spinal anesthesia (except in
polytrauma situations where general
anesthesia was given for performing
simultaneous
other
surgical
procedures). The Patients were
positioned on radiolucent fracture
table. Knowledge of neurovascular
anatomy was prerequisite for wire
placement. Reduction was achieved
with traction given by assistant and
manipulation done by surgeon. After
achieving adequate reduction 2 to
4 k-wires were placed in the juxtaarticular bone parallel to the joint
line. Another 3 k-wires were placed
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in diaphysis and all these wires were
connected on both sides with knearled
rods and beta clamps. In some cases
we used long square nails instead
of the knearled rods.8,12. Additional
fixation with intra-medullary rod (rush
nail or radius square nail) was done
percutaneously for associated fibular
shaft fracture to enhance the stability.2
The K wires used in the tibia were 2.5
mm and specially made long 12-inch
K wires. The Fixator configuration for
the upper end fractures consisted of a
uniplanar frame with triangularization
in the proximal fragment for rotational
stability. The frame for lower end
consisted of a uniplanar frame, which
in certain cases included a k-wire in the
calcaneum for juxta articular fixation.
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Figure 1:

A & B. Antero-posterior and lateral
Radiographs showing distal metadiaphyseal fracture.
C. Immediate
post-operative
Antero-posterior
and
lateral
Radiographs.
D & E. Post-operative clinical
photograph from side and front
showing Mini External Fixator
configuration.

F) Antero-posterior and lateral
Radiographs after removal of fixator.
All cases with open fractures
were immediately taken to operation
theatre, debridement was done and
Mini External Fixator was applied
at the same time. In all cases closed
reduction was done and MEX Fixator
was applied per-cutaneously under
fluoroscopic guidance. The use of an
image intensifier was made in all cases.
Limb elevation was done till soft tissue
swelling had resolved completely. On
the first postoperative day, all cases
were mobilized with knee and ankle
range of motion exercises. All patients
were ambulatory with non-weight
bearing on crutches or walker till early
radiological signs of union. The MEX
Fixator was kept in situ till clinical and
radiological signs of union were seen.
At 12 to 16 weeks (when radiological
signs of union were present) Fixator
was removed. Additional internal
fixations (Intra-medullary fibular
rods) were not removed at the time
of MEX Fixator removal.(Figure 1F)
Brace was given and partial weight
(starting from 25% of body weight)
bearing was allowed after the removal
of Fixator and gradually full weight
bearing was allowed over the period of
next 4 weeks. The cases were followed
up twice monthly till union and three
monthly thereafter. At each follow
up visit outcome was assessed with
following four parameters:
1. External wound healing.
2. Presence or absence of pin
tract infection and/or any other
complication.
3. Radiological examination to
assess fracture healing.
4. Range of motion at knee and
ankle joints.
The functional results were
assessed according to Klemm and
Borner scoring system.9
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Results
27 patients were followed up to an
average period of 23 months (range 6
to 33 months). 19 cases were males
and 8 were females. The age of the
patients was ranging from 18 to 60
with an average of 44. 16 Patients had
proximal metaphyseal fractures of tibia
and 11 Patients had distal metaphyseal
fractures of tibia. 15 Patients had open
fractures and 12 Patients had poor skin
condition due to Blebs/Abrasions/
Ecchymosis. 3 of these patients had
associated severe soft tissue swelling
and possibly impending compartment
syndrome. Open fractures were
classified according to the method of
Gustilo and Anderson. Three patients
were of polytrauma with head injury
and other bone fractures. One Patient
had a Scaphoid fracture on the same
side, the second Patient had fracture
shaft femur on the same side and the
third Patient had fracture distal end
of the radius. All Patients with open
fractures were immediately taken to
operation theatre, debridement was
done and Mini External Fixator was
applied.
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Table 1:
Showing numbers of various types of soft tissue injuries associated with
fractures.
Open
fractures
number

Soft tissue
swelling and skin
blisters number

Impending
compartment
syndrome number

Proximal tibia

9

7

2

Distal tibia

6

5

1

Site of fracture

The mean duration of surgery was
70 minutes (range from 40 to 120
minutes). The mean trauma to surgery
interval was 3 days (range 1 to 5 days).
The median hospital stay was 11
days. 25 patients had Good/Excellent
fracture union(92.5% of cases).
Two Patient had non-union. In this
Patients, open wound was completely
healed while the patients were in Mini
External Fixator. They were treated
with second stage Minimally Invasive
Plate Osteosynthesis. The mean time
to union was 14 weeks (range 12 to
16 weeks) 20 Patients had full range
movement at both, knee and ankle
joints. Four Patients had reduced knee
flexion.(ROM 00 to 1100) Two patients
had 100 of dorsiflexion loss. One
patient had 50 of dosiflexion and 100
of planterflexion loss of ankle range
of motion. One fracture has healed in
70 of varus. In remaining cases varus
– valgus alignment was less than 50.
Two cases had 40 to 50 of procurvatum
deformity. Therefore total 92.60% of
patients had Good to Excellent results
(Good Results in 18.60%+ Excellent
Results in 74% of patients.) and 7.40%
of patients had poor results. (Graph 1)
Graph 1:
Functional outcome according to
the Klemm and Borner scoring
system9

There was no case of skin and soft
tissue dehiscence or tissue necrosis,
osteomyelitis,
septic
arthritis,
deep vein thrombosis, pulmonary
embolism. Complications included
pin site infection (n=5) and nonunion
(n=2) Pin site infections were treated
with oral antibiotics and pin site
dressings.

Discussion
Treatment of proximal and distal
metaphyseal fractures of tibia in
situations like open fractures, severe
soft tissue swelling and skin blisters or
impending compartment syndrome is
challenging. Traction and cast bracing
provides poor results.1,7,10. Open
reduction and internal fixation with
plating or closed reduction and internal
fixation with interlocking nailing is
many times not possible in cases where
the fracture is compound or poor skin
and soft tissue conditions such as
multiple extensive abrasions, blisters
over skin and impending compartment
syndrome..1,2,7,8,11. External fixators are
preferred in such situations till the skin
and soft tissue wounds heal.1 After this
second surgicalprocedure is required
to achieve osteosynthesis.
Mini External Fixator has many
advantages in such situation. It is
applied per-cutaneously and hence
causes minimal additional surgical
trauma.1,8. It can also be safely applied
rapidly in polytrauma situations.
Being Minimally Invasive it preserves
vascularity of the fracture fragments
and preserves fracture haematoma
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which contains all the chemical
mediators required for bone growth
and union. Trauma to surgery interval
is less with this form of treatment as
waiting for skin and soft tissue injuries
and swelling to resolve is not required.1
It provides superior cancellous bone
fixation in the metaphyseal region and
therefore allows early range of motion
to the joints. This reduces hospital
stays and cost.
Since k-wires are elastic they
allow micro motion at fracture site
without shear and hence stimulate
fracture healing.11 Mini external
fixator avoids soft tissue trauma and
periosteal stripping and allows easy
wound care, dressings, pin care, and
monitoring of compartment pressure
and neurovascular status.
The learning curve associated
with MEX Fixation is very less. The
inventory required for the fixation is
also minimal and the fixator is light in
weight. Hence it is essentially a patient
as well as surgeon friendly fixator
when applied to this region.The stable
fixation offered permits early knee and
ankle joint mobilization, which is of
great advantage.
The present results compared with
those in literature (treated with external
fixation) provide evidence that closed
reduction and Mini External Fixation
provideseffective cure of external
wounds and early healing of fractures
both in single stage surgery.3,8
Disadvantages of Mini External
Fixation are:
1. This modality of treatment
cannot be used in tibial
diaphyseal and intra-articular
fractures.
2. Anatomical reduction cannot
be achieved in all the cases.
3. Weight bearing mobilization
cannot be done while during
fixator.
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4.

The procedure relies on the use
of a C Arm image intensifier.

Conclusion
Our study results demonstrated
good results with MEX Fixator for
proximal and distal metaphyseal
fractures of tibia associated soft tissue
injuries, skin blisters or impending
compartment syndrome. Union and
soft tissue healing rates are very
encouraging and both of these are
achieved in a single stage.
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