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Abstract:

Tri-malleolar fracture commonly results from rotational injuries of the ankle. Understanding
and treatment of these fractures has changed and keep evolving over the last decade. We looked
at outcome of Low profile, anatomically contoured fragment specific fixation implantation in

these complex fractures.

Methods

We prospectively analysed patients admitted with tri malleolar ankle fractures from October
2021- March 2023. Fractures were classified using CT imaging and fragment specific implant
(VolitionTM) were used to fix the fractures. These patients were followed up for functional and
radiological assessment.

Results

Twenty-nine skeletally mature patients were identified with tri malleolus fracture needing
surgical fixation. At final follow up average MOXFQ index was 27.1(SD 19.7) and foot and
ankle disability index (FADI) score were 83.1(SD 18.4) All fractures achieved radiological

union but one with average time to radiological union 7.7 (5-12) weeks.

Conclusion.
Early results of fragment specific fixation of trimalleolar fractures show promising functional

and radiographic outcome and less need for implant removal.
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Introduction

The ankle is a complex joint that is stabilized by several ligaments. These ligaments play a crucial role in

ankle’s stability.

Ankle fractures are quite common and account for up to 10% of all bone injuries’?. Females generally have
an increased incidence during their life, the peak incidence of trimalleolar fractures is in the age from 60 to
69 years, becoming the second most common ankle fracture type in this age group®*.The term trimalleolar
fractures was first used Henderson® in 1932 defined the posterior malleolus as “the anatomic prominence
formed by the posterior inferior margin of the articulating surface of the tibia” although Cooper first
described the posterior malleolus fracture in 18226, Approximately 44%-50% of all ankle fractures involve
the posterior malleolus”®®. The posterior malleolar fractures with associated tibial shaft fractures, the
incidence of which is 1%-25%'%1!The isolated posterior malleolus fractures (Volkmann’s fragment), which

are rare with an estimated incidence of 0.5%-1%;%10.11

Posterior malleoli contribute to congruity of ankle joint as well as of its stability through its ligamentous
attachment. These factors are considered in the management of trimalleolar fractures.

The Posterior inferior tibiofibular ligament (PITFL) originates from the posterior malleolus and runs
obliquely distally to its insertion on the posterior fibula. It is composed of a superficial component and a
deep component!?. PITFL contribute 42% of syndesmotic stability which get compromised when posterior

malleolus fractured?.

Management of bimalleolar fracture is quite standard however when it comes to trimalleolar fracture,
management of posterior malleolar fragment has notable variability in surgeon’s practice. Access to the
advance imaging helps better understanding of fracture’s configuration and planning (Figl). Different
approaches and techniques have been described to address these fractures. In this Study we looked at these

fractures treated with fragment specific fixation and reported functional and radiological outcome.
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Fig 1 Radiographs and CT scan demonstrating different patterns of trimalleolar fractures.

Methods

All patients presented to our department with trimalleolar ankle fractures from October 2021-March 2023
were included in the study. We excluded the patients from study who were under 18 years of age, does not
require posterior malleolus fixation or need fixation method other than plate osteosynthesis. On presentation
trimalleolar fractures were identified on Anterior-posterior and lateral radiographs. Patient presented with
subluxation or dislocation of ankle needing manipulation were treated by the on-call team Post reduction
Splinting (Back slab) was applied and radiographs were obtained to assess the reduction. Subsequently
computed tomography (CT) was acquired with coronal, sagittal, axial planes, and 3D reconstruction. The
fracture fragments were evaluated using Mason & Molloy classification'* and divided into subtypes 1, 2a,
2b and 3 fractures (Fig 2). Definitive fixation was delayed until the soft tissue settles. If concern with soft
tissue and unstable fracture not able to maintain the position in back slab, temporary external fixation was
applied until soft tissue settles. Osteosynthesis using fragment specific implant (Volition™) and relevant
surgical approach was performed. Post operatively these patients were followed in outpatient department at
2, 6,12,26 weeks. They were clinically assessed for any pain, stiffness, infection, nerve damage, CRPS

metalwork irritation or failure, and clinical union Functional assessment was carried out using The
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Manchester-Oxford Foot Questionnaire (MOXFQ) and Foot and ankle disability index (FADI). Anterior -
posterior, lateral and mortise radiographs were taken to assess the fixation, adequacy of reduction and

radiological union.

Type 1 Type 2A Type 2B Type 3

Fig2. Axial CT scan showing different types of trimalleolar fractures based on Mason and Molly
Classification 3¢

Results

We analysed 29 patients with tri malleolus fracture who underwent surgical fixation. Out of which there were
12 Males and 17 females with mean age of 51 years (30-76). Most common mechanism was twisting injury
to the ankle, involving predominantly the right side (22) compared to left (7). Among subtypes of trimalleolar
fractures there were Fifteen(2a), Seven (2b), seven (3) treated with relevant fragment specific plates. One
patient with background of Type 2 DM had superficial wound infection settled with one week of oral of
antibiotics. None of patients had nerve injury, deep infection, CRPS, there was no implant failure,
impingement or loss of fixation needs removing. At final follow up average MOXFQ index was 27.1(SD
19.7) and foot and ankle disability index (FADI) score were 83.1(SD 18.4). All fractures achieved
radiological union but one, where the medial malleolus fracture component fixed with cannulated screws

remained as asymptomatic fibrous union. Average time for radiological union was 7.7 (5-16) weeks.
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Patient Characteristics (N= 29)

Age (Years) 51 (30-76)
Sex
Male 12
Female 17
Fracture side
Right 22
Left 7
Fracture Type
1 0
2a 15
2b 7
3 7

Table 1 showing Patient and fracture characteristic.
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Table 2— PROMS Scoring at Final Follow up (MOXFQ, FADI)
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Clinical Union 29 29 100%
Radiological Union 29 28 96%
Malunion 29 0 0%
Non- Union 29 1 3.4%
Implant Fracture 29 0 0%
Implant Loosening / Loss
of Fixation 29 ° %
Superficial Infection 29 1 3.4%
Deep Infection 29 0 0%
Nerve Injury 29 0 0%
Thrombosis 29 0 0%
Wound Problems 29 1 3.4%
CRPS 29 0 0%
Hardware Removal 29 0 0%
Time to Union 28 7.7 (5-16) Weeks
Table 3 Clinical outcome and complication
Discussion

Over the last few years there is lot of interest and debate on the management of trimalleolar fracture and
techniques to address the posterior component of these complex injuries. These fractures are often under
rated on plain radiographs however, increased availability of computed tomography (CT) scans has

heightened the recognition and change the management?®,

Ankle fractures with Posterior malleolus are considered poor prognostic factor when comparing the outcome
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of ankle fractures®. As PITFL plays significant role in syndesmotic stability which is disrupted in these
injuries and this syndesmotic instability could be responsible for unfavourable outcome!®. Inadequate
treatment of these fracture may cause severe complications such as checkrein deformities!’181920  Studies
has shown there is significant clinical difference between trimalleolar fractures compare to their counterparts’
unimalleolar fractures 2* and marked improvement in clinical outcomes for patients who underwent fixation
for posterior malleolus fractures, in contrast to those treated non- operatively?’. Different classification
systems have described the posterior fragment of ankle fractures. Most Renowned were proposed by
Haraguchi et al?®. followed by Bartonicek et al**. and Mason and Molloy (M&M)!*. We used M&M
classification for all of our trimalleolar fractures and planned the management based on fracture

configuration.

Various approaches and methods for fixation of posterior malleolus have been described in literature?2°.
The classical teaching has been to fix these fractures with indirect reduction and anterior to posterior (A to
P) screws?”?82° This may be because previously the indications for fixation of these fractures were if the
fracture involved more than 25 to 33% of articular surface.®®3! Although this provide a favourable
environment for fixation of these fractures through A to P screw. However, this technique has its own
limitations which need attention when applying this method of fixation. Comminuted and intraarticular
impacted (die Punch) fracture fixations are not eligible by this approach. This technique may not allow
adequate reduction and difficult to achieve compression at fracture site as a larger fragment is being fixed
against a smaller fragment. Hence, it makes the construct less stable. Also, smaller Fragments are difficult to
fix with this technique, as for bigger screws all threads may not cross the fracture site and smaller screws do

not provide adequate compression®,

Recent studies show Anatomical and functional outcome of direct approach are superior to indirect

approach®,

In literature Fragment specific fixation of certain distal radius fractures is well described particularly when
monoblock fixations are inadequate®**®. In recent years these implants gaining attention and popularity for

certain types of fractures.

Fragment-specific fixation is usually indicated in cases where stabilization of specific articular segments is
required However there is not much published and lack of evidence on fragment specific fixation of
trimalleolar fractures. We reported our experience and early results of fixing these fractures with direct

approach using fragment specific implant. (Fig3)
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Type 3
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Tibia plate (2A)
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Fig 3 Radiographs showing different type of fixation with fragment specific plates (Volition ™).

The Patient position and surgical approach to address these fractures was guided by fracture configuration
and surgeon’s preference. Wherever possible we addressed the posterior malleolus fracture first and used the
relative fragment specific implant. It allows the better radiographic visualisation of reduction and no
interference from metalwork. This is followed by lateral malleolus fixation when fixing 2a fractures but in
type 2b fractures, medial malleolus fracture was fixed before the lateral fragment stabilisation and in Type 3

sequence of fixation was dependent on type surgical approach. (Fig 4)
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Fig 4 Showing Pre-op and post op Imaging of different trimalleolar fractures and their fixation using
fragment specific Plates.
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The fragment specific implants are designed and anatomically contoured to address each fragment of
trimalleolar fracture separately. When applied and seated appropriately it also provide extra assurance of
anatomical reduction in addiction radiological assessment. In medial malleolus vertical shear fractures or
when fractures exit higher up posteromedially needing plate osteosynthesis these implants are particularly
helpful to avoid metalwork prominence due to low profile and anatomical contour. In Posterior malleolus
fractures when deploy properly they cause less irritation to soft tissue and tendons. The hardware related
issue is one of the main causes for reoperation in these fractures. Jeyaseelan et al?? reported 10% increase
risk of complications and a two-fold increase in re-operation rates, primarily attributed to hardware-related
issues. Potentially these complications can be avoided with the judicious and appropriate use of these low

profile, anatomical contoured fragment specific implants.

We acknowledge few limitations to this study. Firstly, the study involves only twenty-nine patients but can
be appreciated, fragment specific fixation for trimalleolar fractures is not routinely used though its catching
interest. Secondly, these are early outcome, and functional scores can change over time, but some functional
outcome can be justified at this stage e.g hardware prominence, irritation or failure needing removal of

metalwork which is one common cause of reoperation.

Conclusion

Ankle fractures are a very common injuries Fragment-specific fixation can be utilized in cases in which
stabilization of specific articular segments is required. Although these techniques can be technically
demanding and require steep learning curve, fragment-specific plates are usually adjuncts to allow the
surgeon to expand the armamentarium in the management of complex trimalleolar fracture patterns. They
complement but not the alternative to the anatomical reductions and favourable outcomes. Our study
demonstrated promising early results with fragment specific low profile anatomical fixation, and it will be
fascinating to see long term results. A comparative study of similar cohort of patients with and without

fragment specific fixation will be captivating.
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