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Abstract

The average AOFAS score was 88.7.

and ankle stability.

Background: The concurrent ipsilateral Tillaux fracture with medial malleolar fracture in adolescents commonly
suffer from high-energy injury, making treatment more difficult. The aim of this study was to discuss the
mechanism on injury, diagnosis, and treatment of this complex fracture pattern.

Methods: The charts and radiographs of six patients were reviewed. The function was assessed by the American
Orthopedic Foot and Ankle Society ankle-hindfoot scores.

Results: The mean age at operation was 12.8 years. The mean interval from injury to operation was 7.7 days. Five
Tillaux fractures and all medial malleolar fractures were shown on AP plain radiographs. One Tillaux fracture and
two cases with avulsion of posterolateral tibial aspect were confirmed in axial computerized tomography. There
was talar subluxation laterally with medial space widening in three and syndesmotic disruption in one. There were
five patients sustaining ipsilateral distal fibular fractures. All fractures, except nonunion in two medial malleolar
fractures and in one Tillaux fracture, healed within 6-8 weeks. There was one case of osteoarthritis of ankle joint.

Conclusions: Computerized tomography is helpful in identifying the fracture pattern. Anatomic reduction and
internal fixation of Tillaux and medial malleolar fracture was recommended to restore the articular surface congruity
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Background

Physeal injuries of the distal tibia are second in fre-
quency to those of the distal radius and carry a high risk
of complications. Tillaux fracture accounts for approxi-
mately 2.9-6.7% of the distal tibial epiphyseal fractures
[1, 2]. It usually occurs in adolescents when the center
and medial side of the distal tibial physis have been
closed and the anterolateral quadrant fusion does not
occur. The mechanism of injury involved external
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rotation of the foot contributing to the avulsion of the
anterior inferior tibiofibular ligament (AITFL). The
pediatric medial malleolar fractures (MMF) usually in-
volved the growth plate, often Salter-Harris III or IV
fractures, and carried the highest risk of complication
for the premature physeal closure (PPC) [3-5], whereas
fractures of other parts of the medial malleolus have re-
ceived sporadic attention in the literature for lower rate
of growth disturbance and non-weight-bearing area.
However, the medial malleolus plays an important role
in ankle stability as a bony restraint [6].
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Isolated fractures, aforementioned, are usually suffer-
ing from indirect force with particular foot position. Dir-
ect or high-energy trauma to the ankle may result in
special injury configurations. Recently, Gourineni and
Gupta [7] reported that six out of eight Tillaux fractures
had associated with talar subluxation (TS), lateral mal-
leolar fractures. To our knowledge, there has been no re-
port regarding to the combination of Tillaux fracture
and MMF in adolescents. It was the purpose of this
study to report the experience of a pediatric trauma cen-
ter in an attempt to discuss its mechanism of injury,
diagnosis, and treatment options.

Methods

This study was approved by the ethics committee of the
Children’s Hospital of Soochow University. Six cases of
Tillaux fracture associated with MMF were treated from
January 2015 to December 2018. The charts and radio-
graphs of six patients were reviewed retrospectively.
Clinical data, including age, sex, mechanism of injury,
and methods of treatment, were collected (Table 1).
There were three boys and three girls, with a mean age
at operation of 12.8 years (range, 12 to 14 years). The left
side was involved in three and the right in three. One
patient was hurt while falling down, three during sports
of sliding or soccer, and two in a motor vehicle accident.
The mean follow-up was 11.7 months (range, 6 to 27
months).

Anteroposterior (AP), lateral plain radiographs and
computerized tomography (CT) were performed in all
patients to identify the fractures. Axial CT views were
reviewed for displacement of Tillaux fractures in the
maximal gap section in millimeters and to identify the
inferior tibiofibular syndesmosis disruption (SD) and the
avulsion of posterior inferior tibiofibular ligament at tib-
ial attachment (APITEL).
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MMEF were classified according to Salter-Harris epi-
physeal injury (S-H) when the physis was involved [8].
Otherwise, Herscovici classification (H), based on the
level of MMF, was used: type A, fracture being avulsions
of the tip; type B, between the tip and the level of the
plafond; type C, at the level of the distal plafond of the
tibia; type D, extended vertically above the plafond [6].
TS was considered if medial joint space of the ankle was
greater than the superior ankle space in AP plain radio-
graphs or coronal CT scans [7].

For Tillaux fracture, open reduction was performed
through an anterolateral ankle approach, and anatomical
reduction was obtained and maintained by Kirschner
wires (K-wires). Closed reduction and K-wire fixation
were undergone for MMF. If necessary, open reduction
and internal fixation (ORIF) of the fibular fracture was
done with plate and screws. Postoperatively, a short-leg
cast was applied, and the patients were instructed not to
bear weight for 6—8 weeks.

Functional assessment was by American Orthopedic Foot
and Ankle Society (AOFAS) ankle-hindfoot scores [9].

Results
Five Tillaux fractures and all MMF were shown on AP
radiographs. There were five patients sustaining ipsilat-
eral distal fibular fractures. One Tillaux fracture and two
APITELs were confirmed in axial CT. All Tillaux frag-
ments were rotated laterally, and the mean initial dis-
placement was 7 mm (range, 2.0 to 9.4 mm) in axial CT.
Out of six MMFs, one was S-H III fractures, one H-type
B, and four H-type C. Avulsion in both PLTA cases had
minimal displacement. AP radiographs showed TS lat-
erally with medial space widening in three patients, and
axial CT showed SD in one case.

The mean interval from injury to operation was 7.7
days (range, 3 to 20 days). For Tillaux fracture, five cases

Fig. 1 (Case 2): a AP radiograph showed Tillaux fracture, distal fibular fracture, and MMF associated with widening of the tibiofibular clear space
and medial space of the ankle (black double arrow). b Axial CT section showed 8 mm displacement of Tillaux fragment and a normal incisura
fibularis. ¢ Coronal CT scan showed widening of the medial clear space of the ankle, which indicates TS. d AP plain radiograph obtained 12
months after treatment showed complete reduction of medial joint space immediately post operatively
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Fig. 2 (Case 6): a AP radiograph showed distal fibular fracture and MMF associated. b Lateral view showed a radiolucent zone consistent with a
fracture at the posterior aspect of the tibia, but it was not clear because of superimposition of the fibula. ¢, d, and e Axial CT section and 3D
showed Tillaux fragment and APITEL (black arrow). f General observation showed significant edema of the soft tissue. g AP plain radiograph
obtained 7 months after treatment showed complete reduction of medial joint space immediately post operatively

were treated with ORIF with K-wires, and one without
internal fixation owing to 20 days interval after injury for
significant soft tissue compromise. For MMF, open re-
duction and K-wire fixation were underwent in S-H III
fracture, five closed reduction, and K-wire fixation for
H-types B and C. One failed to be fixed due to technique
error. Of five fibular fractures, open reduction and fix-
ation with plate and screws were needed to stabilize the
ankle joint in three cases with TS laterally. Syndesmotic
fixation was not used for SD, and neither of the avulsion
of PLTA was fixed for small fragment and minimal
displacement.

All fractures, except two cases of nonunion in MMF
and one in Tillaux fracture, healed within 6—8 weeks. Ra-
diographs of the child without reduction of Tillaux and
MMF (case 5) demonstrated a valgus of ankle joint,
hindfoot instability, and radiographic sign of osteoarth-
ritis. Neither PPC nor leg length discrepancy developed
in any of the patients.

The AOFAS score was 88.7 (64 to 97) at the final visit
(Table 1). Typical cases are shown in Figs. 1 and 2.

Discussion

Tillaux fracture and medial malleolar fracture are usual
fractures in children. However, Tillaux fracture associ-
ated with medial malleolar fracture are rare in children.
We described a fracture type of Tillaux fracture con-
comitant with medial malleolar fracture. This may be
due to sufficient external rotation force. Tillaux frag-
ment, talus, and lateral malleolus being one unit will
move laterally together, and the fracture of distal fibula
and APITEL will occur. Extreme external rotation of the
talus may disrupt the medial restraint and create MMF
in adolescents [7, 10]. Due to the high-energy force, the
displacement of the fracture, such as Tillaux fracture
and medial malleolar fracture, was more than isolated

fracture. In this series, three patients suffered from TS
with widening of medial joint space and one with SD.

In our experience, anatomical reduction for Tillaux
fracture and medial malleolar fracture was restored, and
the fracture was fixed by K-wires. The result was com-
parable with the fixation of screws [7, 11]. There were
two nonunion in medial malleolar fracture cases because
of no internal fixation. Many factors were related with
the bone healing [12, 13]. Our results suggest that in-
ternal fixation is more effective for MMF in adolescents.
For distal fibular fracture, fixation was performed only
with TS. For APITEL in adolescents, we found no dis-
placement and no fixation were undergone for both
cases.

This study is limited by small group and relative
shorter follow up period. More cases should be neces-
sary to confirm the mechanism of injury and optimal
treatment.

Abbreviations

AITFL: Anterior inferior tibiofibular ligament; MMF: Medial malleolar fracture;
PPC: Premature physeal closure; S-H: Salter-Harris epiphyseal injury type;

H: Herscovici classification; AP: Anteroposterior; CT: Computed tomography;
APITEL: Avulsion of posterior inferior tibiofibular ligament; K-wire: Kirschner
wire; TS: Talar subluxation; SD: Syndesmotic disruption; ORIF: Open reduction
and internal fixation

Acknowledgements
We thank all of the patients involved in the study.

Authors’ contributions

YZ contributed to the study design and is the corresponding author. QY and
XW contributed to the study design, data analysis and interpretation, and
manuscript draft. ZG, JD, FZ, and JF contributed to the data collection and
analysis. CY contributed to the data collection and analysis. WY contributed
to the literature search and manuscript revision. All authors have read and
approved the final manuscript.

Funding
No funding was provided.



Yuan et al. Journal of Orthopaedic Surgery and Research (2020) 15:423

Availability of data and materials
All data generated or analyzed during this study are included in this
manuscript.

Ethics approval and consent to participate

Ethics approval and consent to participate in present study was approved by
the Ethics Committee of Children’s Hospital of Soochow University. Written
informed consent was acquired for all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 15 May 2020 Accepted: 10 September 2020
Published online: 17 September 2020

References

1. Seel EH, Noble S, Clarke NM, Uglow MG. Outcome of distal tibial physeal
injuries. J Pediatr Orthop B. 2011;20(4):242-8.

2. Spiegel PG, Cooperman DR, Laros GS. Epiphyseal fractures of the distal ends
of the tibia and fibula. A retrospective study of two hundred and thirty
seven cases in children. J Bone Joint Surg Am. 1978;60(8):1046-50.

3. Cass JR, Peterson HA. Salter-Harris type-IV injuries of the distal tibial
epiphyseal growth plate, with emphasis on those involving the medial
malleolus. J Bone Joint Surg Am. 1983,65(8):1059-70.

4. Cottalorda J, Béranger V, Louahem D, Camilleri JP, Launay F, Diméglio A,
Bourelle S, Jouve JL, Bollini G. Salter-Harris type Il and IV medial malleolar
fractures: growth arrest: is it a fate? A retrospective study of 48 cases with
open reduction. J Pediatr Orthop. 2008;28(6):652-5.

5. Petratos DV, Kokkinakis M, Ballas EG, Anastasopoulos JN. Prognostic factors
for premature growth plate arrest as a complication of the surgical
treatment of fractures of the medial malleolus in children. Bone Joint J.
2013;95-B(3):419-23.

6.  Herscovici D Jr, Scaduto JM, Infante A. Conservative treatment of isolated
fractures of the medial malleolus. J Bone Joint Surg [Br]. 2007;89 B(1):89-93.

7. Gourineni P, Gupta A. Medial joint space widening of the ankle in displaced
Tillaux and Triplane fractures in children. J Orthop Trauma. 2011;25(10):608-11.

8. Salter RB, Harris WR. Injuries involving the epiphyseal plate. J Bone Joint
Surg Am. 1963;45:587-622.

9. Kitaoka HB, Alexander 1J, Adelaar RS, Nunley JA, Myerson MS, Sanders M.
Clinical rating systems for the ankle-hindfoot, midfoot, hallux, and lesser
toes. Foot Ankle Int. 1994;15(7):349-53.

10.  Ebraheim NA, Elgafy H, Padanilam T. Syndesmotic disruption in low fibular
fractures associated with deltoid ligament injury. Clin Orthop Relat Res.
2003;409:260-7.

11. Ali Al-Ashhab ME, Mahmoud Mohamed AA. Treatment for displaced Tillaux
fractures in adolescent age group. Foot Ankle Surg. 2020,26(3):295-8.

12. Serbest S, Tiftikci U, Tosun HB, Gumustas SA, Uludag A. Is there a
relationship between fracture healing and mean platelet volume? Ther Clin
Risk Manag. 2016;13(12):1095-9.

13, Serbest S, Tiftik¢i U, Tosun HB, Kisa U. The irisin hormone profile and
expression in human bone tissue in the bone healing process in patients.
Med Sci Monit. 2017;4(23):4278-83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 5 of 5

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

