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Ab s t r ac t
Aim: This article aims to describe a novel surgical technique for medial malleolar reconstruction in a young child.
Background: Severe open ankle injuries that result in bone and soft tissue loss carry a high risk for complications, especially in children who 
are still growing. These injuries can cause abnormal growth patterns, degenerative diseases, and recurrent instability. Cases of medial malleolar 
reconstruction have been previously described but none in a child this young.
Case description: We present a case of an 13-year-old girl who suffered an open injury to the medial distal tibia with traumatic loss of the medial 
malleolus at the age of 2 and later suffered a Salter-Harris II fracture to the ipsilateral distal fibula. She presented with varus alignment, a leg 
length discrepancy, premature asymmetrical growth arrest, chronic non-union of the distal fibula physeal fracture, and severe attenuation of 
the deltoid ligament. Her secondary deformities were managed with distal fibula osteotomy and fixation, distal tibial hemi-plafond corrective 
osteotomy, and medial malleolus reconstruction with iliac crest autograft. Her leg length discrepancy was corrected by epiphysiodesis of the 
contralateral distal femur and proximal tibia. At the 2-year follow-up, the alignment was well maintained, the graft was healing well, and the 
patient reported no pain and being able to walk and play sports without a brace.
Conclusion: Surgical reconstruction of the medial malleolus with correction for abnormal angulation and leg length discrepancies is critical 
to promoting healthy growth patterns and quality of life for paediatric patients. This severe open ankle injury can be successfully managed 
by distal fibula osteotomy and fixation, distal tibial intra-articular osteotomy, and medial malleolus reconstruction with iliac crest autograft.
Clinical significance: This novel technique is an effective method for the surgical management of paediatric traumatic medial malleolar bone 
loss in children who are skeletally immature and are at risk of complications due to further growth.
Keywords: Growth arrest, Iliac crest autograft, Lawn mower injury, Leg length discrepancy, Medial malleolus reconstruction, Physeal fracture, 
Severe open ankle injury, Traumatic bone loss, Varus deformity.
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Bac kg r o u n d
Ankle fractures account for about 5% of all paediatric fractures.1 While 
rare, fractures that result in loss of the medial malleolus are more 
common in younger, skeletally immature children and therefore carry 
a higher risk of complications: They can result in a medial physeal bar, 
which leads to varus angulation and leg length discrepancies, and 
predispose the physis to premature arrest and the talus to instability 
and degenerative arthrosis.2–5 The medial malleolus also contributes 
to maintaining normal tibiotalar joint characteristics, and fractures 
can significantly decrease contact area, increase contact pressure,6 
and lead to ankle instability.7 Fractures resulting in loss of the medial 
malleolus are rare and are most commonly caused by lawnmowers, 
farm machinery, boat propellers, snowmobiles, and gunshot wounds, 
and all cases require surgical intervention.8 Others have described 
cases of medial malleolar reconstruction in older children and adults, 
but none in a child who suffered their injury this young.

We present a case of traumatic medial malleolar bone loss 
successfully treated by distal fibula osteotomy and fixation, distal 
tibial intra-articular osteotomy, and medial malleolus reconstruction 
with iliac crest autograft. The patient’s mother was informed that 
details concerning her daughter’s case would be submitted for 
publication, and she gave consent.

Ca s e De s c r i p t i o n
We present a case of a 13-year-old girl who sustained a remote right 
ankle injury at the age of 2 from a riding lawn mower injury. She 

sustained an open injury to the medial distal tibia with traumatic 
loss of the medial malleolus; the fracture was classified as Gustillo-
Anderson 3B. This was managed with immediate debridement 
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and a spanning external fixator (Fig. 1). The wound was closed with 
latissimus dorsi free tissue transfer and split thickness skin graft. She 
did well in the postoperative period and had the external fixator 
removed a few months later. Eight years later, she sustained a Salter-
Harris II fracture of the right distal fibula while quad biking. She was 
placed in an Aircast Boot. Following this injury, she was found to have 
developed a progressive varus deformity of the right ankle (Fig. 2A) 
and a leg length discrepancy with the right lower limb shorter than 
the left (Fig. 2B). MRI scan of the right distal tibia and fibula showed 
a premature asymmetrical growth arrest involving the medial distal 
tibial growth plate, chronic non-union of the distal fibula physeal 
fracture, and severe attenuation of the deltoid ligament.

Given that the patient was developing increasing pain and 
difficulty weightbearing, especially on uneven surfaces, the 
multidisciplinary team made the decision to address the varus 
ankle deformity and reconstruct the medial malleolus. At this 
time, the patient was 11-years-old. The operation was performed 
in conjunction with the original plastic surgeon who elevated the 

existing flap and exposed the medial aspect of the ankle. This was 
necessary to protect the circulation to the flap and ensure viable 
soft tissue at wound closure following completion of the skeletal 
reconstruction. Via a separate lateral incision, a closing wedge 
osteotomy was performed at the level of the physis of the distal 
fibula, which was fixed with a fibular locking plate (Fig. 3). After 
correcting the distal fibular alignment, the talus was reduced under 
the tibial plafond. It became clear that there was an asymmetrical 
deformity to the tibial plafond, with varus malalignment of the 
medial half of the plafond only (Fig. 4). An intra-articular osteotomy 
of the medial half of the plafond was performed in order to correct 
this deformity (Fig. 5). Iliac crest bone graft was used as an opening 
wedge. An appropriately sized tricortical iliac crest autograft with 
preserved apophysis and gluteal fascia was obtained in order to 
reconstruct the medial malleolus and the deltoid ligament. The 
medial border of the distal tibia was decorticated as was the wall 
of the graft in order to promote bony union. The tricortical graft 
was placed with the apophysis oriented inferiorly and fixed to 

Fig. 1: Anteroposterior (AP) radiograph of the ankle with external fixator 
in situ immediately after treatment for the initial injury

Figs 2A and B: (A) Preoperative AP radiograph of the ankle showing 
progressive varus deformity, medial talar shift, and fibular deformity; 
(B) EOS AP hips to ankle demonstrating varus deformity ankle and leg 
length discrepancy

Fig. 3: Fibular osteotomy was performed at the level of the physis. The 
fibular plate was fixed initially to the distal fragment, and the plate 
was then reduced onto the fibular shaft to restore anatomical fibular 
alignment

Fig. 4: After restoration of fibular alignment, the incongruity of the distal 
tibial articular surface was demonstrated
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the distal tibia using a medial distal tibia anatomic locking plate  
(Figs 6 and 7). The gluteal fascia was sutured to the periosteum/deltoid 

insertion on the talus in order to reconstruct the medial deltoid 
ligament. The original skin-grafted latissimus flap was re-inset. 
There were no wound healing complications. Postoperatively, the 
patient was immobilised in a full cast for a period of 6 weeks with 
no weightbearing on the right lower limb. After 6 weeks, she was 
allowed to start gradual weightbearing while using an ankle brace.

Three months following surgery, standing frontal EOS 
radiological images of the pelvis and lower limbs were taken. 
Calculation of the projected leg length discrepancy confirmed the 
right leg would be shorter than the left by more than 3 cm at skeletal 
maturity. Five months later, the patient underwent a percutaneous 
drill epiphysiodesis of the left distal femur and proximal tibia to 
equalise the leg length discrepancy. No formal epiphysiodesis of 
the distal tibia was performed because screws were placed on either 
side of the growth plate. As such, there was no need to perform an 
epiphysiodesis as this would arrest any further growth.

Two-year follow-up after the medial malleolus reconstruction 
of the right ankle and epiphysiodesis of the left distal femur and 
left proximal tibia showed a leg length discrepancy of 1.1  cm, 
healing of the osteotomy sites, and neutral alignment of the ankle 

Fig. 5: Intra-articular osteotomy was performed to restore congruency 
of medial articular surface

Fig. 6: Intraoperative image showing temporary fixation of the inverted 
iliac crest graph

Figs 7A and B: (A) Immediate intraoperative AP and lateral; (B) Immediate 
intraoperative AP and radiograph after insertion of iliac crest wedge and 
inverted tricortical iliac crest graph fixed with locking plate. Note: The 
apophysis of the iliac crest is not well demonstrated but extends below 
the tip of the medial plate to restore the shoulder of the medial malleolus

Fig. 8: Latest AP radiograph at 18 months post-procedure demonstrating 
closed physis, maintenance of medial malleolus, normal articular 
congruency, and normal alignment

Fig. 9: AP hips to ankle radiograph at 18  months post-procedure 
demonstrating equal leg length and normal anatomical alignment
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(Figs 8 and 9). Clinical assessment showed that she is doing well so 
far. She reported no pain in the right ankle and that she does not 
use the ankle brace most of the time. She feels her right ankle is 
stable, and she has been able to return to sporting activities. Her 
post-surgery health-related quality of life scores as measured by the 
PedsQL tool were consistently within 1 standard deviation of the 
population mean for healthy children.9 Her scores on all subscales 
as well as overall quality of life scores are described in Table 1. Soft 
tissue coverage remains stable, and there is no scar contracture that 
might contribute to further malalignment (Fig. 10).

Di s c u s s i o n
Severe open ankle fractures that involve both skeletal and 
soft tissue loss require a multidisciplinary approach by both 
orthopaedic and plastic surgeons for optimal outcomes. Our 
guiding principles were to correct the alignment, maintain that 
alignment, and prevent further abnormal growth. Our approach 
was to restore the fibula first with an anatomically specific fibula 
plate. The fibula osteotomy at the level of the growth plate 
was performed both to treat the non-union at the apex of the 
deformity and to create an epiphysiodesis of the distal fibular 
growth plate in order to avoid future fibular overgrowth. We then 
performed a hemi-plafond elevation to restore the distal tibia 
alignment. Finally, we reconstructed the shoulder of the medial 
malleolus to lock the talus under the tibia and prevent further 
subluxation. Epiphysiodesis on the contralateral side was later 
performed to equalise the leg length discrepancy.

Although various bone autograft donor sites are possible, 
the iliac crest is ideal for paediatric patients; children have very 

low complication rates and minimal donor site pain, and the iliac 
crest possesses osteoconductive, osteogenic, and osteoinductive 
properties.10 Wu successfully used a fibular head composite 
tendon bone flap to reconstruct the medial malleolus; however, 
these grafts come with relatively significant donor site morbidity 
and a risk of perineal nerve palsy.11 It is still debated in the literature 
whether reconstruction of the deltoid ligament is required, but 
we found it necessary for our patient. Boyer et al. also deemed it 
necessary in their case due to their patient having persisting ankle 
instability; they used the biceps tendon.12 Abbo et al. performed 
ligament reconstruction and used gluteal fascia;13 we also used 
the gluteal fascia. While both Nithyananth et al. and Abbo et al. 
successfully used screws to fix the iliac crest graft to the medial 
malleolus site, we used plates to fix the graft.13,14 Kow et al. used 
an antiglide plate,15 whereas we used anatomic locking plates. 
We used an anatomic fibular locking plate to restore the fibular 
alignment by fixing the distal portion first and then fixing the 
distal construct onto the proximal fibular shaft. We then used 
an anatomic distal medial tibial locking plate, taking advantage 
of the small diameter locking screw pattern distally to rigidly 
fix the medial malleolar fragment into an anatomical position. 
It is important to decorticate the medial cortex of the tibia to 
encourage bony integration of the graft.

Also note the attention required to the soft tissue coverage at 
the initial injury at age 2 and the ongoing involvement of the plastic 
surgeon to ensure a healthy soft tissue environment supporting 
the ankle reconstruction.

This case is unique because of the very young age (2-years-old) 
of the patient when she suffered her traumatic ankle injury that 
removed the medial malleolus, and because she had an additional 
insult to the same ankle when she suffered the Salter-Harris II 
fracture from the quad bike accident. These caused varus alignment 
and partial growth arrest. The patient is now 2 years post-procedure, 
and the desired outcome has been maintained. She does not have 
any osteoarthritis of the ankle, the talus is centered on the tibia, 
and the leg length discrepancy has been reduced to 1.1 cm, with 
the potential for further correction. She does report a mild painless 
limp, which could be related to the residual leg length discrepancy. 
The varus deformity has been corrected and well maintained, her 
ankle is still neutral, and there is no evidence of shortening of the 
fibula. She reports being able to walk normally without using a 
brace, has normal health-related quality of life, no ankle instability 
or pain, and she is enjoying being able to horseback ride and play 
badminton.

Co n c lu s i o n
Although they are uncommon, severe open ankle fractures that 
result in loss of the medial malleolus and soft tissue can have severe 
impacts on skeletally immature children. Surgical reconstruction of 
the medial malleolus is necessary to correct and maintain proper 

Table 1: Patient-reported outcome measures (PedsQL)9

PRO date
PRO

timepoint
Physical  

functioning total
Emotional  

functioning total
Social  

functioning total
School  

functioning total
Psychological 

functioning total
QOL 
total

August 12, 2019 Baseline 87.5   95   75 65 78.33 81.52
February 1, 2020 6 months   71.43 100 100 70 89.29 83.33
August 23, 2020 12 months   81.25   60   80 55 65 70.65
February 16, 2021 1.5 years   68.75   70   85 70 75 72.83

Figs 10A and B: (A) Clinical photographs at 2  years post-procedure 
demonstrating active dorsiflexion range; (B) Clinical photographs 
at 2  years post-procedure demonstrating well-healed skin graft and 
latissimus dorsi flap
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alignment. Here, we have shown that this severe open ankle injury 
can be managed by distal fibula osteotomy and fixation, distal tibial 
intra-articular osteotomy, and medial malleolus reconstruction with 
iliac crest autograft.

Cl i n i c a l Si g n i f i c a n c e
This novel technique is an effective method for the surgical 
management of paediatric traumatic medial malleolar bone loss in 
children who are skeletally immature and are at risk of complications 
due to further growth.
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