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Pediatric Tillaux Ankle Fracture with Concomitant  
Adult-type Supination External Rotation Fracture Pattern: 
A Rare Injury
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ABSTRACT
The juvenile Tillaux fracture is a transitional ankle fracture 
that occurs in the adolescent population. The juvenile Tillaux 
fracture is an avulsion injury of the distal tibia’s anterolateral 
epiphysis as the result of excessive external rotation.  The 
purpose of this article is to present a pediatric ankle fracture 
that is best described as a supination-external rotation type IV 
ankle injury with an associated Tillaux fragment.  This fracture 
pattern represents a unique variant to classically described 
pediatric ankle fractures.
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InTRoDuCTIon

Transition fractures of the ankle occur in patients whose 
distal tibial physis is undergoing physiologic epiphysiodesis. 
Classically, two transitional fracture patterns of the ankle 
are discussed: The triplane fracture and the juvenile 
Tillaux fracture. These fracture patterns are observed 
in patients between the ages of 12 and 15, and typically 
occur during an 18-month period of time as ossification 
progresses across the growth plate.1-4 The juvenile Tillaux 
fracture results from an avulsion injury when a taught 
anterior inferior tibiofibular ligament (AITFL) displaces the 
nonossified anterolateral distal tibia epiphysis. The triplane 
ankle fracture is defined by having a coronal fracture line 
through the posterior tibial metaphysis, in addition to both 
sagittal and transverse fracture lines through the distal 
tibial physis.4
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The Tillaux fracture was first described in 1822 by  
Sir Astley Cooper and Paul Tillaux.5 In general, this 
fracture pattern can be thought of as a pediatric injury; 
however, the injury has been described in adults.6-10 In an 
adult patient, the avulsed fragment is generally triangular 
in appearance, whereas in children the avulsed fragment 
is quadrangular in appearance.11

The triplane ankle fracture, first described in 1970 
by Marmor, occurs at the interface between the ossified 
and nonossified regions of the distal tibial growth 
plate.4 In 1983, Rang12 described triplane fractures as 
“fractures [that] run in three planes, but beyond this 
there is uncertainty.” Proof toward the “uncertainty” or 
complexity that is inherent to triplane fractures can be 
seen by the numerous fracture patterns that all meet the 
criteria to be termed triplane fractures. Although not 
stated specifically in the literature, one could predict that 
the dynamic ossification of the physis from medial to 
lateral and the force of injury will influence the fracture 
pattern. 

The purpose of this case report is to present an 
interesting fracture pattern that does not fit into a current 
ankle fracture classification. The ankle fracture is an adult 
type IV supination-external rotation (SER) injury with a 
concomitant juvenile Tillaux fracture fragment.

CASE REPoRT

A 15-year-old otherwise healthy male presented to the pedi-
atric orthopaedic clinic with a left ankle fracture caused 
by a zip-lining accident. Computed tomographic imaging 
revealed the fracture pattern as seen in Figures 1A to C.  
The fracture consisted of an oblique fibular fracture at 
the level of the syndesmosis, an avulsion fracture of the 
medial malleolus, and an intraarticular Salter–Harris 
type 3 avulsion fracture of the anterolateral distal tibial 
epiphysis.

The fracture was treated like an adult-type injury as 
the patient was approaching skeletal maturity. Absolute 
stability was obtained utilizing an open reduction and 
internal fixation technique. The fibular fracture was 
stabilized using a lag screw and neutralization plate. The 
Tillaux fragment was fixed using a cannulated screw. A 
second cannulated screw and washer were used to fix the 
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DISCuSSIon

The fracture pattern in our patient is consistent with SER 
type IV injury as described by Lauge–Hansen with the 
unique aspect of having an associated juvenile Tillaux 
fracture element in the lateral, immature bone.13 The 
ossified, medial portion of the distal tibia acted like 
mature bone. The lateral, nonossified portion of the distal 
tibia acted like immature bone. This dual phenomenon 
can occur when the distal tibial physis is actively 
ossifying. In a case report published in the German 
literature, the term “mature transitional fracture” is used 
to describe a fracture that has elements of both adult and 
adolescent fracture patterns.14

Adolescents represent a unique population of patients 
in regard to fracture management. The exact age range 
of adolescents is hard to classify, but generally females 
age 8 to 14 and males age 10 to 16 may be considered 
adolescents.15 Adolescents are unique in that they are 
transitioning from more elastic and skeletally immature 
bone to skeletally mature bone.16 During the adolescent 
phase of bone development, the bone physes are in the 
active process of ossifying, resulting in predictable phy-
seal fracture patterns at the junction of the fused and 
nonfused growth plates.4 The distal tibial physis requires 
18 months to ossify, and closes in the well-described 
pattern of fusing centrally first, at Kump’s bump, then 
anteromedially, followed by posteromedially, and finally 
laterally.1 The ossification pattern results in the lateral 
aspect of the distal tibia to be more prone to fracture than 
the medial aspect, which produces the juvenile Tillaux 
and triplane fractures.

External rotation injuries are a common mechanism 
for ankle fractures.17 Supination-external rotation 
injuries at the ankle produce characteristic fracture 
patterns depending on if the distal tibial physis is 

Figs 1A to C: Computed tomographic imaging demonstrating fracture pattern 10 days following injury: (A) coronal view showing juvenile 
Tillaux fragment and medial malleolus fracture, (B) axial view demonstrating Tillaux fragment, and (C) coronal view demonstrating fibular 
fracture pattern

A B C

Figs 2A and B: Intraoperative fluoroscopy images demonstrating: 
(A) Mortise view of the ankle, (B) lateral view of the ankle

A B

Figs 3A and B: Postoperative plain films obtained at a 4-week 
follow-up appointment demonstrating interval healing of fracture 
on: (A) Mortise ankle view, (B) lateral ankle view

A B

medial malleolar fracture. Figures 2 and 3 demonstrate 
intraoperative and postoperative films of the surgery 
respectively.
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ossified, nonossified, or in the process of ossifying.  
In the skeletally mature patient, SER injuries initially 
stress the lateral stabilizing structures, and failure 
occurs in the following order; the AITFL, the fibula, 
the posterior inferior tibiofibular ligament (PITFL), and 
finally at the medial malleolus or deltoid ligament.18 In 
the skeletally immature patient, SER injuries typically 
result in a Salter–Harris type 2 fracture pattern with 
spiral fractures of the distal tibia and fibula as described 
by Dias and Tachdjian.19 Finally, in the adolescent patient, 
or a patient whose distal tibial physis is in the process 
of ossifying, an external rotational injury may result in 
one of two unique fracture patterns, the triplane fracture 
or the juvenile Tillaux fracture.1-4 A general rule for 
predicting fracture patterns is that the weakest structure 
will fail first. In immature bone, the physis is generally 
weaker than the ligamentous structures resulting in 
physeal injury. In mature bone, the weaker ligamentous 
structures typically fail prior to the mature bone. 

In our patient, the mechanism of injury likely 
proceeded in the following order: Initially, the externally 
rotating talus caused the lateral malleolus to displace 
posteriorly stressing the AITFL. The nonossified lateral 
aspect of the physis failed, resulting in the Salter–Harris 
type 3 fracture pattern, or juvenile Tillaux fracture, seen 
on anteriorposterior imaging of the ankle. As the talus 
continued to rotate externally, further stress to the lateral 
structures resulted in the fibula fracture. With continued 
external rotation of the talus, the PITFL failed. Lastly, the 
lateral displacement of the talus with external rotation 
stressed the deltoid ligament resulting in the avulsion 
fracture of the medial malleolus.

ConCLuSIon

Ankle fractures are common injuries accounting for 15% 
of all physeal injuries in pediatric patients, and have an 
incidence of 174 cases per 100,000 individuals in adult 
patients.19,20 Despite the rarity of the discussed ankle 
fracture pattern, a case report describing a bimalleolar 
ankle fracture with a nondisplaced Tillaux fragment 
has been described.21 Our patient’s fracture pattern, in 
combination with other reports of adult-like fracture 
patterns in adolescent patients, supports the physician’s 
need to be able to recognize and treat these fracture 
patterns. An understanding of potential ankle fracture 
patterns allows for a more thorough understanding 
on how to manage these injuries both with the initial 
reduction and in the operating room. This report provides 
a description of a fracture variant on the classically 
described Tillaux fracture, or more recently termed “the 
mature transitional fracture.”14

REFEREnCES
 1. Wuerz TH, Gurd DP. Pediatric physeal ankle fracture. J Am 

Acad Orthop Surg 2013 Apr;21(4):234-244.
 2. Kay RM, Mathys GA. Pediatric ankle fractures: evaluation 

and treatment. J Am Acad Orthop Surg 2001 Jul-Aug;9(4): 
268-278.

 3. Blackburn EW, Aronsson DD, Rubright JH, Lisle JW. Ankle 
fractures in children. J Bone Joint Surg Am 2012 Jul 3; 
94(13):1234-1244.

 4. Schnetzler KA, Hoernschemeyer D. The pediatric triplane 
ankle fracture. J Am Acad Orthop Surg 2007 Dec;15(12): 
738-747.

 5. Tillaux, P. Trait de chirugie clinique. Vol 2. Paris: Asselin and 
Hourzeau; 1848.

 6. Marti CB, Kolker DM, Gautier E. Isolated adult Tillaux 
fracture: a case report. Am J Orthop (Belle Mead NJ). 2005 
Jul;34(7):337-339.

 7. Chokkalingam S, Roy S. Adult Tillaux fractures of ankle: case 
report. Internet J Orthop Surg 2006;6(1).

 8. Oak NR, Sabb BJ, Kadakia AR, Irwin TA. Isolated adult 
Tillaux fracture: a report of two cases. J Foot Ankle Surg 2014 
Jul-Aug;53(4):489-492.

 9. Kumar N, Prasad M. Tillaux fracture of the ankle in an adult: 
a rare injury. J Foot Ankle Surg 2014 Nov-Dec;53(6):757-758.

 10. Sharma B, Reddy IS, Meanock C. The adult Tillaux fracture: 
one not to miss. BMJ Case Rep 2013 Jul 18;2013. pii: 
bcr2013200105.

 11. Kleiger B, Mankin HJ. Fracture of the lateral portion of the 
distal tibial epiphysis. J Bone Joint Surg Am 1964 Jan;46:25-32.

 12. Rang, MC. Children’s fractures. 2nd ed. Philadelphia: J.B. 
Lippincott; 1983. p. 315.

 13. Lauge-Hansen N. Fractures of the ankle: II. Combined 
experimental-surgical and experimental-roentgenologic 
investigations. Arch Surg 1950 May;60(5):957-985.

 14. Ruffing T, Muhm M, Winkler H. Transitional fractures of the 
distal tibia combined with typical fracture patterns of adults. 
Unfallchirurg 2011 Aug;114(8):730-735.

 15. Parikh SN, Wells L, Mehlman CT, Scherl SA. Management of 
fractures in adolescents. J Bone Joint Surg Am 2010 Dec 15; 
92(18):2947-2958.

 16. Rathjen, KE.; Birch, JG. Physeal injuries and growth 
disturbances. Beaty, JH.; Kasser, JR., editors. Rockwood 
and Wilkins’ fractures in children. 6th ed. Philadelphia: 
Lippincott Williams & Wilkins; 2006. p. 99-131.

 17. Burwell HN, Charnley AD. The treatment of displaced 
fractures at the ankle by rigid internal fixation and early joint 
movement. J Bone Joint Surg Br 1965 Nov;47(4):634-660.

 18. Okanobo H, Khurana B, Sheehan S, Duran-Mendicuti A, 
Arianjam A, Ledbetter S. Simplified diagnostic algorithm for 
Lauge-Hansen classification of ankle injuries. Radiographics 
2012 Mar-Apr;32(2):E71-E84.

 19. Dias LS, Tachdjian MO. Physeal injuries of the ankle 
in children: classification. Clin Orthop Relat Res 1978 
Oct;(136):230-233.

 20. Kannus P, Palvanen M, Niemi S, Parkkari J, Jarvinen M. 
Increasing number and incidence of low-trauma ankle 
fractures in elderly people: finnish statistics during 1970– 
2000 and projections for the future. Bone 2002 Sep;31(3): 
430-433.

 21. Wood MB, Bier AD, Otsuka NY. Bimalleolar ankle fracture 
in an adolescent with Tillaux fracture. J Surg Orthop Adv 
2009 Summer;18(2):103-105.


