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Abstract
Introduction  Paediatric ankle fractures represents about 5% of all paediatric fractures. It is the most common physis to be 
injured in the lower limb accounting to approximately 15–20% of all physeal injuries. This article reviews the literature 
on this common injury which still has many controversial areas and gives guidelines to management based on the existing 
evidence along with clinical experience gained from a Level I trauma center.
Classification  The original Salter–Harris Classification with the additional types is a good system to guide on the manage-
ment. The transitional fractures form a separate group with technically two broad types—biplane and triplane injuries. 
Though there are many sub-types in this group with some popular eponymous fractures, the treatment principles remain 
the same.
Management  A very low threshold for CT scan is recommended when there is a clinical suspicion of fracture with a negative 
radiograph or an intra-articular fracture in the radiograph especially in the adolescent age group. CT scan helps in accurate 
quantification of the intra-articular displacement and also helps to comprehend the fracture geometry better. All the intra-
articular fractures with displacement > 2 mm need perfect anatomical reduction and stabilization. Assisted closed reduction 
and percutaneous fixation along with arthrogram to confirm articular congruity is acceptable as long as the reduction is 
perfect. Irrespective of the method of treatment, in children with more than 2 years of growth remaining it is important to 
counsel regarding the high incidence of pre-mature physeal closure and the need for regular follow-up.
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Introduction

Paediatric ankle fractures are those fractures involving the 
distal end of the tibia and fibula from the metaphysis to the 
epiphysis. With an approximate incidence of 1 in 1000 chil-
dren per year, ankle fractures represent approximately 5% 
of all pediatric fractures [1, 2]. The incidence of paediatric 
ankle fractures in our trauma center is 4%, based on the data 

from 2015 to 2019. Ankle fractures are the most common 
physeal injuries in the lower limb representing 15–20% of 
all physeal injuries [2]. The frequency is twice in boys as 
compared to girls, partially attributed to the delayed physeal 
closure in boys. The peak incidence is between the age of 
8 and 15 years. Sports and twisting injuries are the most 
common mechanism followed by low energy falls and motor 
vehicle injuries.

Ankle Anatomy

The ankle joint or the talocrural joint is the only example of 
a true mortise joint in the human body where the mortise is 
formed by the distal tibia, fibula and the distal tibio-fibular 
syndesmosis and the tenon is formed by the talar dome. 
Though a hinge joint with dorsiflexion and plantarflexion 
as the main movements, the axis of rotation of ankle joint 
is dynamically shifting during plantar flexion and dorsiflex-
ion. As the talar dome is wider anteriorly, the joint adopts a 
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close-packed position with maximum congruence and liga-
mentous tension in dorsiflexion. On the contrary, during 
plantar flexion there is some room for minimal translation 
and rotational movements which places the ankle at higher 
risk of fracture in this position.

The ankle is stabilized by a very strong complex of liga-
ments (Fig. 1). The medial collateral ligament or deltoid 
ligament has superficial and deep parts and the lateral collat-
eral ligament is formed of anterior and posterior talo-fibular 
and calcaneo-fibular ligaments. The distal tibio-fibular joint 
is a syndesmotic joint formed by the anterior, interosseous 
and posterior tibio-fibular ligaments. The anterior inferior 
tibio-fibular ligament plays a role in transitional fractures. 
The paediatric ankle fractures are distinctly different from 
the adult counterpart because of the basic anatomical dif-
ference with the existence of physis in the distal tibia and 
fibula. The collateral ligaments are attached below the level 
of the physis and are stronger compared to the physis. An 
undue force results in physeal injuries rather than ligamen-
tous injuries in children [3]. A fracture involving the physis 

can potentially lead to physeal bar formation or premature 
physeal closure resulting in angular deformities and short-
ening which needs to be vigilantly observed and addressed 
appropriately.

Classifications

There are two common classification systems used for 
paediatric ankle fractures. The Salter & Harris classifica-
tion of physeal injuries is commonly used in clinical prac-
tice for decision making and management. The original 
Salter–Harris (SH) classification had five types and Mercer 
Rang described type VI as the perichondrial ring injury. 
Type VII was described by Ogden in 1982 which are pure 
intra-epiphyseal fractures [4]. Ankle is one of the common 
areas to get Type VII fractures in form of medial and lateral 
malleolus avulsion fractures (Fig. 2).

The Dias and Tachdjian Classification attempts to classify 
the injury based on the position of foot and direction of the 

Fig. 1   Ligaments of the ankle: a Lateral view of the ankle showing 
the lateral ligament complex and anterior and posterior tibiofibular 
ligaments; b Medial view of the ankle showing the deltoid ligament 

complex; c antero-posterior view showing anterior inferior tibifibular 
ligament, anterior talofibular ligament, calcaneofibular ligament and 
deltoid ligament

Fig. 2   Salter–Harris Classification: Type I—fracture through the phy-
sis and there is complete separation of the epiphysis; Type II—frac-
ture through the physis and exiting into the metaphysis forming the 
Thurston–Holland fragment; Type III—fracture through the physis 

and exiting into the epiphysis; Type IV—fracture through metaphysis, 
physis and epiphysis; Type V—compression injury of physis; Type 
VI—perichondrial ring injury; Type VII—Intra-epiphyseal fracture
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deforming force similar to the Lauge-Hansen Classification 
in adults (Fig. 3). This could help the surgeon during closed 
manipulation of ankle fractures. The Supination-Inversion 
injuries are the most common injuries and it can have many 
variants depending on the stage of the injury. Stage I starts 
with isolated SH type I injury of distal fibula (Fig. 3a) and 
progress to either SH type I, II, III or IV injuries of the distal 
tibia (Fig. 3b–e). Supination-External rotation injury starts 
with the spiral fracture of the posterior part of distal tibia 
(Fig. 3f) and progress to the next stage of a spiral fracture 
of the distal fibula (Fig. 3g). The supination-plantar flexion 
injury causes SH type II fracture of the posterior distal tibia 
(Fig. 3h). Pronation-External rotation injuries result in SH 
type II fracture of the lateral aspect of the distal tibia with an 
associated fibular diaphyseal fracture (Fig. 3i). The Tillaux 
fractures and Triplane fractures are exclusive of these classi-
fication systems and are described separately as transitional 
fractures.

Evaluation

The details of the mechanism of injury and the course of 
symptoms is difficult to ascertain in the pediatric population. 
Despite this, a complete history is extremely important. A 

careful evaluation of the entire child and the affected lower 
limb is very important, as the underlying hip and knee mala-
lignment may lead to an ankle injury event. The position 
of ankle and foot at times give a clue for the mechanism of 
injury and assist in the reduction maneuver.

The skin condition (swelling, ecchymosis, skin tenting, 
open fracture), distal pulses, capillary refill, sensory and 
motor (active toe movements) function should be evalu-
ated. Any severe fracture displacement or ankle subluxation 
with skin tenting (especially on the medial aspect of ankle) 
demands urgent reduction of the ankle joint and stabilization 
with a well-padded posterior splint in the emergency room. 
Although compartment syndrome is rare following isolated 
ankle fractures, it has been reported and should be care-
fully ruled out [5, 6]. The extensor retinaculum syndrome is 
reported to be due to compression of the structures (notably 
the deep peroneal nerve) in the anterior aspect of the ankle 
by the displaced fracture fragments. The classical clinical 
findings are pain out of proportion to the injury, hypoesthe-
sia or anaesthesia of the first webspace, and weakness of toe 
extensors [7, 8].

Diffuse soft tissue swelling and ecchymosis should raise 
the suspicion of bony injury. Ankle sprains are a diagnosis 
of exclusion in children, especially under age 10, and should 
be differentiated from a subtle physeal injury, by focussed 
physical examination [1].

Child abuse and pathological fractures should be consid-
ered if the history and mechanism of injury do not match the 
fracture type present. Though classic radiographic findings, 
such as corner fractures and multiple fractures in different 
stages of healing is seen in child abuse, isolated fractures 
are seen in up to 50% of cases, and the fracture patterns are 
often unremarkable [9].

Imaging

Anteroposterior, lateral and mortise radiographs are the 
‘ankle trauma series’ views which is recommended for chil-
dren presenting with ankle trauma. The Ottawa Ankle rules 
recommend radiographs if the child cannot weight bear 
and walk four steps at the time of evaluation and has bony 
tenderness in the tip of either malleoli [10]. Radiographic 
images should be evaluated for physeal widening, which may 
indicate an SH-l fracture. The plafond and mortise should 
be carefully examined for evidence of an intra-articular frac-
ture pattern, such as a Tillaux or triplane fracture, as these 
findings can be quite subtle. On a standard anteroposterior 
view, the lateral portion of the distal tibial physis is partially 
obscured by the distal fibula. The vertical component of a 
triplane or Tillaux fracture can be hidden behind the overly-
ing fibular cortical shadow; so a good quality mortise view 
is essential to view the syndesmosis and subtle fractures 

Fig. 3   Dias–Tachdjian Classification: a–e various grades of Supina-
tion-Inversion injuries; f, g supination-external rotation injuries; h 
Lateral view of supination-plantar flexion injury; i Mortise view of 
pronation-eversion-external rotation injury
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[11]. The routine use of stress views is not recommended in 
pediatric ankle fractures as they are unlikely to change the 
treatment. The radiographic appearance of tibial incisura, 
tibiofibular clear space, tibiofibular overlap and medial clear 
space changes with age in children and hence the normal 
adult values cannot be extrapolated [12, 13]. Bozic et al. 
found that the incisura became detectable at a mean age of 
8.2 years for girls and 11.2 years for boys [13]. The range 
of clear space measurements in normal children was 2 to 
8 mm, with 23% of children having a clear space greater than 
6 mm, a distance considered abnormal in adults. Acquiring 
the radiograph of the normal contralateral ankle for compari-
son will be of great value for decision making in doubtful 
clinical situations.

Computed tomography has a significant role in the 
evaluation of paediatric ankle fractures. If radiographs 
are suspicious for an intraarticular fracture, computed 
tomography (CT) imaging should be obtained to evaluate 
the amount of displacement and articular congruity. In the 
adolescent age group, it is better to have a low threshold 
for obtaining CT scans rather than missing an innocuous 

fracture. At times, a CT scan is indicated to rule out frac-
ture even with a normal looking X-ray when there is a 
strong clinical suspicion of fracture and the child is not 
able to bear weight (Fig. 4). CT scan is most commonly 
indicated for transitional fractures to study the configu-
ration of fracture, the number of fracture fragments and 
displacement and also to plan the fixation. Though some 
authors have concluded that CT scan would not signifi-
cantly change the way these fractures are managed, there is 
enough evidence in the literature to support the use of rou-
tine CT scan to analyse and treat these fractures [14–17]. 
Many a time, there would be a change of treatment plan 
after viewing CT imaging because of the significant 
intraarticular displacement that is difficult to appreciate 
on plain radiographs [16].

Role of MRI in acute pediatric ankle fractures is lim-
ited and is not usually recommended. The relative indica-
tion may be to differentiate low-risk ankle injuries such as 
sprains from nondisplaced SH-l and SH-ll fractures, and in 
suspected osteochondral lesions. In radiograph-negative lat-
eral ankle injuries in children, though MRI helps to detect 

Fig. 4   a, b, c AP, mortise and lateral views of the ankle in a 12-year-
old girl who presented with ankle trauma which apparently looks 
normal and no fracture lines are seen; d–g coronal, sagittal and axial 

CT sections of the same patient showing a three-part triplane fracture 
with significant intra-articular displacement
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the subtle physeal injuries, it does not significantly change 
the treatment plan and clinical outcomes [18, 19].

Treatment

General Principles

The main goals in the treatment of paediatric ankle fractures 
are to get an anatomical union, achieve physeal alignment 
and articular congruity, avoid growth arrest and prevent 
deformities which would ensure normal functioning of the 
ankle joint without the early onset of degenerative arthritis.

All undisplaced fractures are amenable for a trial of con-
servative treatment. All displaced fractures need closed 
reduction with or without internal fixation depending 
on the stability of the fracture post-reduction. Failure to 
achieve closed reduction is an indication for open reduc-
tion and internal fixation. It is important to ensure that the 
child is adequately relaxed with general or regional anaes-
thesia before an attempted closed reduction. One should 
avoid multiple forceful attempts at a reduction which could 
inflict damage to the growth plate, though studies have 
not shown a significant association between a number of 
attempts at reduction and development of premature phy-
seal closure(PPC) [20, 21]. Assisted reduction techniques 
using K wires and Steinmann pins as joysticks along with 
intra-operative arthrogram to assess the articular congru-
ity is acceptable as long as a perfect reduction is achieved. 
The internal fixation should preferably be a physis sparing 
construct. In situations where crossing the physis is deemed 
mandatory to achieve adequate stability, smooth wires are 
preferred. For tension band wiring, delayed absorbable 
suture materials should be used instead of stainless wires 
which would need removal to restore the growth of the 
physis.

In delayed fractures which are presenting more than one 
week, the general principle is to avoid forceful manipulation 
as it would damage the growth plate. However, in grossly 
displaced Salter-Harris Type I & II fractures and displaced 
Type III & IV fractures open reduction and internal fixa-
tion is needed to restore the normal ankle anatomy. In these 
instances, the parents must be counselled in detail pre-oper-
atively about the chances of growth arrest, shortening, angu-
lar deformities and need for later interventions to address all 
these problems. It is best to have a shared decision making 
on a case-to-case basis after discussing all options including 
the possibility of ipsilateral osteosynthesis with epiphysi-
odesis combined with primary contralateral epiphysiodesis 
to avoid further complications and limb length discrepancy.

Salter–Harris Type I Injuries

Salter-Harris Type I injuries of the distal tibia account to 
about 15% of all distal tibial physeal injuries [22]. Isolated 
distal tibial type I injuries are rarely displaced when there is 
no concomitant distal fibular injury [23]. A below-knee cast 
is recommended for all undisplaced distal tibial type I inju-
ries for a period of 3 to 4 weeks. If there are concerns about 
patient compliance, an above-knee cast may be applied. All 
displaced distal tibial physeal injuries need closed reduction 
and above-knee cast application with the knee in 20° flexion. 
A check X-ray at 1 week is recommended to look for loss 
of reduction. A below-knee cast is sufficient if the surgeon 
opts to internally stabilize the fracture, when the reduction 
is unstable (Fig. 5).

SH type I distal fibular fractures are not as common as 
it was previously thought [18]. Studies have shown that the 
clinical diagnosis of SH I injuries of the distal fibula in chil-
dren with normal-looking X-rays could be erroneous. MRI 
based studies have shown that 80% of these children have 
ligament injuries [19]. These suspected SH I injuries can be 
safely treated with a below-knee walking cast as tolerated 

Fig. 5   a, b AP & lateral view of radiographs showing a displaced and angulated SH I fracture of the distal tibia; c, d AP & lateral post-operative 
radiographs after closed reduction and percutaneous pin stabilization; e, f AP & lateral radiographs at 6 months follow-up showing good union
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or an ankle brace, as the outcomes between those children 
with MRI proven physeal injury and those with ligament 
sprain were the same.

Salter–Harris Type II Injuries

Salter-Harris Type II is the most common type of paediat-
ric ankle fracture and constitutes 32–58% of all distal tibial 
physeal injuries in various series [20–22, 24]. An undis-
placed SH type II fracture can be treated on a below-knee 
cast for 4 weeks followed by gradual weight bearing and 
mobilization.

The treatment of displaced SH type II injuries is quite 
controversial in the literature [20, 25–27]. Closed reduction 
and immobilization in an above knee cast with knee in 20° 
flexion are recommended for all displaced fractures. Phan 
et al. has reported that up to 61% of patients in their series 
had external rotation deformity and hence recommended an 
above-knee cast to control the rotations[28]. The adequacy 
of closed reduction is determined by the gap at the fracture 
site post-reduction. A gap of > 3 mm is reported to result in 
premature physeal closure in up to 60% of the patients [20].

There have been controversial reports in the literature on 
the need for open reduction in Salter-Harris Type II frac-
tures. The overall incidence of PPC in SH I & II injuries 
is 13% in the meta-analysis published in 2018 [29]. The 
reported incidence varies between 14% and 42.7% in differ-
ent series (Table 1) [20, 21, 25–27, 30]. In 2003, Barmada 
et al. analysed 92 SH type I & II factures and reported that 
those fractures with post-reduction residual gap of > 3 mm 
had high rates of PPC [20]. They postulated that this could 
be due to periosteal interposition and recommended open 
reduction. In 2006, Rohmiller et al. concluded that open 
reduction resulted in significantly less incidence of PPC in 

supination-external rotation injuries; however, there was 
no significant difference while all injuries were taken into 
consideration [26]. Later in 2013, Russo et al. published an 
analysis of 96 patients and concluded that open reduction 
did not reduce the risk of PPC [27]. In the meta-analysis 
by Asad et al. published in 2018, it was concluded that the 
method of treatment has no bearing with the development 
of PPC and surgery-related complications were less in those 
who were treated non-operatively [29].

The aim of treatment in SH II injuries would be to achieve 
anatomical reduction which could be either by closed or 
open methods. We would like to recommend closed reduc-
tion and above knee casting for all displaced SH Type II 
injuries. Surgical stabilization is indicated if the reduction 
is unstable. Open reduction is needed in all the patients in 
whom closed reduction could not be achieved. Irrespective 
of the method of treatment, it is important to counsel that 
about 40% of them would have PPC and need further surgi-
cal procedures.

Salter–Harris Type III & IV Fractures

These are intra-articular fractures and each constitutes about 
25% of all the paediatric ankle fractures. They are commonly 
seen in children younger than 12 years of age. Undisplaced 
fractures can be treated non-operatively with a below-knee 
cast and repeat X-rays at 1 week to look for displacement. 
For fractures with more than 2 mm displacement and artic-
ular step-off the recommendation is the open anatomical 
reduction and internal fixation. Some series have reported a 
significantly low incidence of PPC in those patients treated 
with surgical stabilization compared to this treated non-
operatively [25, 31]. In our experience, assisted reduction 
and percutaneous screw fixation along with arthrogram to 

Table 1   Incidence of PPC in 
SH I & II injuries in various 
published series

Series Total number of 
cases (SH I&II)

Incidence of PPC Treatment details Incidence of PPC

Cai et al. (2015) 286 (195) 16.4% Non-op/CR (70) 24/147 (31.2%)
CRIF (77)
ORIF 8/48 (16.6%)

Russo et al. (2013) 96 (96) 42.7% CR 34%
OR 51%

Seel et al. (2011) 225 (131) 14% Not available Not available
Leary et al. (2009) 124 (44) 22.7% Not available Not available
Rohimiller et al. (2006) 91 (91) 39.6% Non-op 29%

CR 50%
CRIF 36%
ORIF 41%

Barmada et al. (2003) 92 (44) 36% NR/CR 11/26 (42.3%)
CRPP 3/9 (33.3%)
ORIF 3/9 (33.3%)
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confirm the articular congruity is an acceptable option with 
equally good outcomes (Fig. 6). The measurement of dis-
placement on plain radiographs could be ambiguous and 
what seems to be an undisplaced fracture on X-rays could 
have more than 2 mm displacement on the CT Scan. How-
ever, getting a routine CT scan for all the children with SH 
type III & IV fractures might be an overkill considering the 
age and the amount of radiation. Hence, our recommendation 

for these fractures is surgical stabilization with compression 
screws even if they are undisplaced, with an aim to minimize 
physeal bar formation. In type III fractures, the screw should 
be intra-epiphyseal without crossing the physis and in type 
IV fractures an additional metaphyseal screw can be placed 
if the metaphyseal fragment is big enough.

Salter–Harris Type VII Injuries

Ankle joint is one of the common areas to get this pure intra-
epiphyseal type of fractures in form of medial or lateral 
malleolar avulsions. Displaced medial malleolus fractures 
(SH VII) will need open reduction and fixation with a ten-
sion band construct using delayed absorbable suture materi-
als instead of the SS wire (Fig. 7). The SH type VII injuries 
of the distal fibula can mimic a symptomatic os subfibulare 
and can be differentiated by classical radiographic findings. 
In a type VII injury, the fracture line is located in the middle 
of the fibular epiphysis and has irregular edges compared to 
a more distal location and smooth edges in os subfibulare 
[32]. SH type VII injuries of the fibula are managed with a 
walking cast for a period of four weeks.

Transitional Fractures

The fractures of the ankle happening during the transition 
from a child to adult (closure of physis) are termed as tran-
sitional fractures. Titze and Ehalt first introduced this term 
in 1961 [33]. Transitional fractures occur due to the asym-
metric closure of the distal tibial physis, which is usually 
complete by the age of 14 in girls and 16 in boys. The clo-
sure begins around Poland’s hump also called as the Kump’s 
bump, progresses antero-medially, postero-laterally and 
finally antero-laterally. Tillaux fracture and Triplane frac-
tures are the transitional fractures and the management of 
these are discussed separately as they form a special group of 
fractures pertaining to this region. Tillaux fractures involve 
the tibial plafond and hence are always intra-articular. On 
the contrary, triplane fractures can be either intra-articular 
or completely extra-articular [34, 35]. The most common 
mechanism of injury is supination and external rotation, 
which otherwise would cause a SH-I or II fracture when the 
physis is completely open.

Tillaux Fracture

An isolated fracture of the anterolateral distal tibial epi-
physis is called juvenile Tillaux fracture and is always a 
SH-III fracture. This is also called as a ‘biplane fracture’ 
by some authors as the fracture line runs in two different 
planes [33] (Fig. 8a). This fracture is the adolescent coun-
terpart of the fracture in adults described by the French 
surgeon Paul Tillaux in 1982. It occurs between 12 and 

Fig. 6   a, b AP & lateral X-rays of the ankle joint showing a SH Type 
IV injury of the distal tibia in a 10  yr old boy; c, d AP & Mortise 
views of the intra-operative C –arm images following closed reduc-
tion, fixation and arthrogram showing good reduction and articular 
congruity; e, f AP & Lateral X-rays done at 6 weeks follow-up show-
ing good healing of the fracture
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15 years of age and represents 2.9% of the epiphyseal 
injuries in juveniles. During supination and external rota-
tion of the foot, the anterior-inferior tibiofibular ligament 
avulses from its attachment with a bony fragment corre-
sponding to the open portion of the distal tibial physis. 
This is also attributed to the stronger ligaments than the 
bone at this age. The fibula usually prevents marked dis-
placement of the fragment and clinical deformity is gen-
erally absent. Swelling is usually slight, and tenderness 
is localised to the antero-lateral joint line, in contrast to 
ankle sprains where the tenderness tends to be below the 
level of the ankle joint.

An ankle AP radiograph may miss the fracture and a 
mortise view is essential to see the distal tibial epiphysis 
unobstructed by the fibula. CT scan is needed to assess 
the intraarticular step and displacement to decide on the 
appropriate management [36].

Nondisplaced fractures and fractures with displacement 
less than 2 mm can be treated conservatively with below-
knee plaster for 4 weeks. For fractures with displacement 
more than 2 mm on radiographs or CT scan, closed or 
open reduction and internal fixation is recommended [37, 
38]. Closed reduction is attempted by internally rotating 
the foot and applying direct pressure over the anterolateral 
tibia. Occasionally, percutaneously inserted pins can be 
used to manipulate the displaced fragment into anatomical 
position and then advanced to fix the fragment in place. A 
cancellous screw placed within the epiphysis is usually the 
preferred method of fixation. The direction of the screw 
should be oblique, from lateral to medial and anterior to 
posterior to achieve good compression at the fracture site. 
Non-weight bearing for a period of 4 weeks post-fixation 
followed by gradual weight bearing is the recommended 
post-operative protocol. The outcomes of surgical fixation 
are very good and there is no risk of growth arrest as the 
child is usually closer to skeletal maturity [39–41].

Triplane Fractures

This fracture was first described by Marmor in 1970 and 
later Lynn coined the term triplane fracture in 1972 [42]. 
This fracture is hence named as ‘Marmor-Lynn’ fracture. 
Marmor described the fracture as consisting of three major 
fragments: (1) the anterolateral part of the distal tibial epi-
physis, (2) the remaining medial and posterior portions 
of the epiphysis with an attached posterior metaphyseal 
fragment and (3) the tibial metaphysis. Triplane fractures 
represent 5–10% of pediatric intraarticular ankle fractures 
[42]. Approximately 50% of the triplane fractures can have 
associated fibular fracture.

The triplanar geometric configuration is formed by 
fracture line in the coronal plane through the posterior 
metaphysis, in the sagittal plane through the epiphysis, 
and in the transverse plane through the physis. Cooperman 
et al. reported that the two-part configuration is the most 
common and recommended that a CT scan is needed to 
evaluate these fractures [43]. In the two-part fracture, the 
lateral type is common in which the coronal fragment is 
posterolateral and a rare medial type with a posteromedial 
coronal fragment is also reported by Denton and Fischer 
(Fig. 8b, c) [44]. Von Laer described two types of triplane 
fractures with many sub-types in each. Essentially Type 
I triplane fractures are two-part fractures and Type II tri-
plane fractures are three-part fractures [33]. Shin et al. 
described three different types of intra-malleolar two-part 
triplane fractures including one completely extra-articular 
variant (Fig. 8d–f) [35]. Van Laarhoven et al. described 
a classification with eight configurations which included 
a rare four-part triplane fracture with a double metaphy-
seal spike (Fig. 8k) [45]. Rapariz et al. presented a similar 
classification with six different types which included three 
different types of three-part fractures and one four-part 
fracture (Fig. 8g–j) [46]. These classification systems have 

Fig. 7   a, b AP & lateral X-rays of the ankle joint showing a SH Type 
VII injury of the medial malleolus in a 9 yr old girl; c, d AP & lat-
eral radiographs at 8 weeks follow-up after open reduction and ten-

sion band wiring for medial malleolus showing good union; e, f AP & 
lateral radiographs after implant exit at 7 months with no evidence of 
growth arrest
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poor inter-observer reliability and hence not used com-
monly in day-to-day clinical practice [16].

Though there is controversy on the routine need of CT 
scans for evaluation of triplane injuries [14–16, 47], we 
feel that CT scan is mandatory in these fractures both for 
quantifying the displacement as well as planning the screws 

which primarily depends on the number and location of frag-
ments (Fig. 9). The primary aims of treatment are to restore 
congruency of ankle joint, with no step or gap and achieve 
stable fragment fixation for early mobilization.

We recommend that the following factors should be elu-
cidated in the assessment of triplane fractures rather than 
focusing on the classification:

1.	 Whether the fracture is Intra-articular or extra-articular?
2.	 What is the articular step-off/displacement in intra-artic-

ular fractures?

Both of these questions can be effectively answered with 
a CT scan rather than a plain radiograph and hence our prac-
tice is to routinely get CT scan in all triplane fractures.

The extra-articular type of triplane fractures are amenable 
for non-operative treatment and does not need perfect ana-
tomical reduction [33, 34, 37].

All undisplaced fractures (< 2 mm displacement on CT 
scan) can be treated non-operatively in a long leg cast fol-
lowed by a repeat X-ray after a week to look for displacement. 
Weinberg in 2005 reported the rate of loss of reduction follow-
ing conservative treatment to be less than 10% and concluded 
that surgical fixation would not be needed in all the cases [48].

All fractures with articular displacement > 2 mm are con-
sidered as displaced fractures and warrants perfect anatomical 
reduction and fixation [37, 40, 49]. Ertl et al. in their series 
had reported poor functional outcomes in the long-term when 
the residual gap was more than 2 mm. The importance of 
2 mm cut-off was re-emphasized in the recent publication by 
Lurie et al. in which they showed significantly worse outcome 
in patients who had > 2.5 mm fracture gap in the CT scan 
and treated non-operatively [40]. The need for open reduction 
should be judiciously decided on a case-to-case basis consid-
ering the fact that experience and surgical expertise of the 
operating surgeon plays a significant role in achieving a closed 
reduction or assisted closed reduction. Use of percutaneous 
K wires and Steinmann pins as joysticks comes in handy for 
achieving assisted reduction of the displaced fragments [39]. 
Excellent outcomes have been reported with both open reduc-
tion and closed reduction and percutaneous fixation [39, 49, 
50]. We personally prefer assisted reduction and percutaneous 
screw fixation with an intra-operative arthrogram whenever 
feasible. We have a low threshold for open reduction espe-
cially when the articular reduction is dubious or not perfect.

We present a simple algorithm for guiding treatment in 
children presenting with ankle fractures, based on the exist-
ing evidence and our clinical experience (Fig. 10). This algo-
rithm may not include a certain rare form of injuries; how-
ever, the principles of treatment remains the same. The type 
of treatment is essentially decided by whether the fracture 
is intra or extra-articular and the amount of displacement of 
the fragments.

Fig. 8   a Tillaux fracture also called as Kleiger fracture is a biplane 
fracture in which the fracture line passes in two planes; b the Coop-
erman fracture [43] is a two-part triplane fracture with medial 
malleolus attached to the tibial shaft and Thurston-Holland frag-
ment attached to the Tillaux fragment; c the Denton fracture or the 
medial triplane fracture [44] is a two-part triplane fracture in which 
the medial malleolus attached to the Thurston-Holland fragment; d–f 
Intra-malleolar triplane fractures as described by Shin et  al. [35]; d 
Intra-malleolar triplane fracture with fracture line exiting the junc-
tion of tibial plafond and medial malleolus; e Intra-malleolar triplane 
fracture with fracture line exiting in the articular portion of medial 
malleolus; f Extra-articular type of Intra-malleolar triplane fracture; g 
three-part triplane fracture with medial malleolus attached to Thurs-
ton–Holland fragment and Tillaux fragment is separate; h three-part 
triplane fracture with medial malleolus attached to the tibial shaft 
and separate Thurston–Holland and Tillaux fragments; i three-part 
triplane fracture with separate medial malleolar fragment and Thurs-
ton–Holland fragment is attached to the Tillaux fragment; j four-part 
triplane fracture with separate medial malleolus, Thurston–Holland 
and Tillaux fragments detached from the tibial shaft; k four-part tri-
plane fracture with a double metaphyseal spike as described by van 
Laarhoven [45]
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Fig. 9   a, b, c AP, mortise and lateral views of the ankle in a 14-year-
old boy showing an undisplaced triplane fracture (3-part); d, e, f 
coronal, sagittal and axial CT sections of the same patient showing a 
three-part triplane fracture with intra-articular displacement > 5 mm; 
g, h AP & lateral views of the C-arm images after closed reduc-

tion and percutaneous screw fixation showing good reduction of the 
fracture; i, j AP & Lateral X-rays done at 6 weeks follow-up show-
ing good healing of the fracture, k, l AP & Lateral X-rays done at 
18  months follow-up shows completion of physeal closure without 
any growth arrest or deformity

Fig. 10   Treatment algorithm for children presenting with ankle trauma
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