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Received 5 January 2021 encountered in pediatric trauma. It has long been recognized that a lateral ankle injury in this population

Received in revised form 27 April 2021
Accepted 28 April 2021
Available online xxx

is often a Salter and Harris type I fracture of the distal fibula (SH1). The purpose of this study is to confirm
the existence of a lateral ankle sprain and to report the incidence of each pathology of the lateral ankle
compartment: SH1 fracture, ATFL injury, and osteochondral avulsions.

Methods: A systematic review of the literature is done using the database provided by PubMed and

ﬁﬁ/eords" Embase. All articles reporting the incidence of imaging modality-confirmed lateral ankle injury (SH1,
Child ATFL injury, osteochondral avulsion) in children and adolescents were included. Exclusion criteria were
Sprain the following: case reports or articles with less than ten subjects, unspecified imaging modality and
Salter and Harris 1 fracture articles unrelated to lateral ankle lesions. Thus, 237 titles and abstracts were selected, 25 were analyzed
Anterior talofibular ligament thoroughly, and 11 articles were included for final analysis.
Results: SH1 fractures were found in 0-57.5% of the cases in all series and 0-3% in the most recent series. A
diagnosis of an ATFL injury was found in 3.2-80% and an osteochondral avulsion of the distal fibula in 6-
28.1%. The most recent series report 76-80% and 62% for ATFL injury and osteochondral avulsion
respectively.
Conclusions: There is a non-negligible incidence of ATFL sprains and fibular tip avulsions in patients with a
suspected SH1 fracture of the distal fibula. According to recent evidence and MRI examinations, the most
common injuries of the pediatric ankle are ATFL sprain and osteochondral avulsions. This should be taken
into consideration in daily practice when ordering radiological examination and deciding on treatment
modalities
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1. Introduction

Ankle trauma is the most common paediatric injury [1-4]. It
is contributing to 30% of sports-related injuries [5,6]. It has
long been acknowledged that a lateral ankle injury in this
population with an inversion type mechanism is usually a
fracture line through the distal fibular physis [7] rather than a
lateral ankle sprain [8,9], and treated accordingly as a Salter
and Harris type I fracture (SH1). Treatment varied in the
literature and could consist of six weeks of immobilization in a
short leg cast, removable splinting [10], or functional treat-
ment [11].

However, recent studies go against such a diagnostic rationale
and treatment modality [12-15]. Indeed, if the fracture is obvious
on X-ray, there is no diagnostic or therapeutic concern. The
complexity of management is to be able to differentiate an SH1
fracture from an anterior talofibular ligament (ATFL) sprain in
children with external ankle injury with a normal X-ray. A lateral
ankle sprain is a differential diagnosis that exists in the traumatic
paediatric ankle with a sprain found in the anterior talofibular
ligament.

This study aims to determine the existence of lateral ankle
sprain, i.e. the avulsion or rupture of the ATFL in the paediatric
population and to define the incidence of different types of
lateral ankle injuries in children. The second objective was to
analyze the usefulness of the different imaging modalities (X-
rays, ultrasound and MRI) in reporting the incidence of lateral
ankle lesions.

2. Material and method
2.1. Study protocol

This research was done according to PRISMA guidelines for
systematic review and meta-analysis [16,17]. All articles reporting
a confirmed diagnostic lesion of the lateral ankle injury in children
and adolescents through imaging modalities were included
regardless of the timeframe. The imaging modality had to be
defined (conventional radiography, ultrasound and MRI). Other
inclusion criteria were French or English articles, abstracts that
were available online, and children below 16 years old. Indeed,
closure of the distal fibular growth plate occurs at 17 years old
regardless of gender [18]. Exclusion criteria were the following:
case reports or articles with less than ten subjects, unspecified
imaging modality and articles unrelated to lateral ankle lesions
(distal fibular fracture SH1, distal fibular osteochondral avulsion or
ATFL injury).

2.2. Research databases

A systematic review of the literature of all articles published up
to November 2020 was done using the database provided by
PubMed and Embase. MeSH terms were: “lateral ankle sprain”,

“lateral ligament injuries”, “children”, “pediatrics”, “lateral ankle

fracture”, “salter and harris”, and “fibular fracture” used alone or in
an association.

2.3. Articles selection

Two independent authors reviewed the articles. A first
selection was performed based on the articles’ titles and
abstracts. Then, the selected articles were thoroughly analyzed
and therefore retained or dismissed based on the inclusion
and exclusion criteria mentioned above. Finally, the authors
analyzed the indexed references of the selected articles and
retained any pertinent finding. If an author selected an
article but not by the other, a mutual agreement was found
between all authors on whether or not to include it in the
study.

2.4. Data extraction

The two independent authors proceeded to data extraction
from the selected studies. The gathered information included:
type of imaging modality, the time between ankle trauma and
diagnosis, demographic data, definitive diagnosis of a particular
ankle lesion (SH1 fracture of the distal fibula, ATFL sprain,
osteochondral avulsion) and finally, level of evidence of the study.
According to the Cochrane recommendations, all authors
independently evaluated the methodology used in each selected
study while adjusting for confounding factors (Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis, PRISMA)
[16,17].

2.5. Method of analysis

Since a high heterogeneity was found between selected studies,
results were presented as means, minimum-maximum and
percentages. No test for homogeneity was used.

3. Results
3.1. Selected articles

Five hundred eighty-six articles were found using the MeSH
terms mentioned above, and two hundred thirty-seven articles
were screened. A total of eleven articles published between 1996
and 2019 were finally selected to review this study. The evidence
level was II for five articles, III for one article and IV for five articles.
The algorithm of selection is presented in Fig. 1.

3.2. Global incidence (Table 1)

The incidence of SH1 fractures of the distal fibula varied
significantly according to their date of issue, from 0 to 57.5%. The
two least recent series issued before 2000 found 50 and 57.5% of
SH1 fractures [19,20]. Three series published between 2001 and
2012 evaluated the incidence of SH1 fractures to vary from 10 to
18% [21-23]. Finally, five series issued between 2008 and 2016
reported O to 3% [12-15].

The diagnosis of distal fibular chondral avulsion was not
mentioned in the series until 2010. An estimated incidence ranging
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Fig. 1. Flowchart illustrating the article selection process.

from 6 to 28.1% was reported [13,14]. Recently, Yamaguchi et al.
reported 62% of avulsions following the first episode of ankle
sprain [24].

The incidence of ATFL sprain diagnosis ranged between 19.6 and
45.4% in the series published between 1998 and 2008 [12,19,21]. It
increased significantly in three series published after 2010, with
incidences ranging from 76 to 80% [13,14,23]. However, Hofsli et al.
in 2016 reported an incidence of 3.2% of ATFL sprain [15].

3.3. Incidence according to the imaging modality

When using conventional radiography and, more specifically,
follow up X-rays, the incidence of SH1 fracture was 18% in cases
where the physical exam was suggestive of a distal fibular fracture
[22]. But the main contribution of follow up X-rays was identifying
distal fibular osteochondral avulsions evaluated to range from 26%
in the series published by Kwak et al. [25] to 62% by Yamaguchi
et al. [24]. They used specific views to visualize the insertion of the
ATFL and the calcaneofibular ligament.

The use of ultrasound has identified a subperiosteal hematoma
on the distal fibula at the growth plate level in SH1 fractures, with
an estimated ultrasound incidence of 57.5% by Gleeson [20].
However, Farley identified 18% of SH1 fractures in his study, of
which 45.4% had a concomitant ATFL lesion [21].

The recent use of the MRI seemed to yield more precise
information: 0 to 3% SH1 fractures [12-15], 6 to 28.1% osteochon-
dral avulsions [13,14,23] and 76 to 80% ATFL sprains [13,14,23].
Hoflsi et al. [15] and Launay et al. [12] found lower incidences of

ATFL sprain 3.2% and 19.6%, respectively. Endele et al. found 10% of
the cases having a SH1 fracture [23]. The only study to yield
contradicting results was to use an MRI done by Stuart et al. in
1998, showing 30% ATFL sprain and 50% SH1 fractures [19].

4. Discussion

This study's main result confirms that ATFL sprains exist and
that distal epiphyseal fractures of the fibula are over-diagnosed.
However, even if many studies have shown ATFL sprain in the
pediatric and adolescent population, its frequency and clinical
manifestation remain unknown, thus resulting in unclear man-
agement [13,14,26,27]. Indeed, even after 20 years of proving
otherwise, the symbolic saying “the child does not get sprains” [3]
is still very present in the minds of orthopedic surgeons,
pediatricians or traumatologists [28] (referring to the mechanism
of failure in children whose periosteum and ligamentous attach-
ments are more substantial than the epiphysis). The fibula's distal
epiphyseal fracture is also believed to be the most common
fracture around the ankle in children and adolescents [29]. The
growth plate is weaker than cancellous bone, periosteum or
ligamentous attachments and thus fails first. Children having a
lateral ankle trauma with an inversion type mechanism associated
with standard radiography have been treated for a suspected SH1
fracture of the distal fibula for nearly 50 years [8,30,31]. No study
in this review reported a possible impact of age, weight or gender
on the incidence of the different lateral ankle injuries. However, in
addition to certain intrinsic factors of hyperlaxity or connective
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tissue disorders, risk factors for trauma to the external ankle
compartment in children have been identified in the literature.
They include a history of ankle sprain [32-34], increased height
[35,36], balance disorders [37-39] and obesity defined by an
R increased body mass index [32,33,35,40]. Overweight children
g would even be at risk of persisting symptoms (weakness, swelling,
pain, etc.) six months after the traumatic episode [41].

The overall incidence of SH1 fractures and ATFL sprains
shows a discrepancy in findings between the different case
series, with variation in results reported over time and
depending on the diagnostic means used. Sankar et al. reviewed
the follow-up X-rays at three weeks of children suspected of
having a SH1 fracture of the distal fibula, with only 18% of the
cases showing a periosteal reaction suggestive of an initial
physeal fracture [22]. Ultrasound has demonstrated its utility in
assessing a specific diagnosis. Gleeson et al. reported 57.5% of
SH1 fractures in children with a clinical suspicion of a fracture
caused by a traumatic incident within the previous three days
based on the presence of a subperiosteal hematoma on
I ultrasonography [20]. Farley et al. found five ATFL sprains
(45.4%), and two SH1 fractures (18%) in a series of eleven
children [21]. Ultrasound was used to define the ATFL sprain's
grade and differentiate it from an osteochondral or a periosteal
avulsion. It also provides information regarding the presence of
joint effusion [20,21], lesion over the peroneus longus tendon
[20], disruption of the interosseous membrane [21], of the
calcaneofibular ligament [21], or a metaphyseal fracture of the
distal fibula [20,42,43]. They thus make it possible to provide a
specific assessment at an early stage, unlike follow-up X-rays.

The first reported MRI study for confirmation of SH1 fractures
was performed by Stuart et al. [19], reporting 50% of proven SH1
fractures and 30% of ATFL sprains. These results showed a marked
discrepancy with those of subsequent studies. Lohman et al.
showed that all suspected SH1 fractures in their series were
reclassified as ligament sprain by MRI [44]. Launay et al. found
19.6% ATFL sprain and 1.9% of external malleolar fracture [12].
Endele et al. found 10% of SH1 fractures, 10% of avulsions and 76%
of ATFL sprains [23]. Boutis et al. reported in their first MRI study
in 2010 no SH1 fractures, 78% ATFL sprains and 6% of
osteochondral avulsions in 18 patients clinically suspected of
having a SH1 fracture [13]. They confirmed these previous results
with another prospective study of 135 patients [14] (3% SH1
fractures, 28.1% avulsions and 80% ATFL sprains). All patients who
presented a SH1 fracture had an associated ligamentous injury.
These results on SH1 fractures were confirmed by Hofsli et al. the
same year (0% SH1 fracture), but they found a single ATFL sprain
in 31 patients (3.2%) [15]. It is striking to note that these results
vary over the decades from one case series to another. The
precision of MRI machines and the better knowledge of the
lesions in pediatric ankles may be elements that could explain
such changes in results over time.

X-ray and ultrasound are valid during initial workup for a
suspected fracture but can be found lacking [45]. Lohman et al.
showed that the radiographs were insufficient: 18% false negatives
and 13% false positives for diagnosing SH1 fracture of the distal
fibula confirmed by MRI [44]. Ultrasound is less technically
demanding than MRI for children under five and is easier to obtain
since ankle trauma is a frequent presentation [46]. Nevertheless,
MRI remains the most precise examination [14].

Avulsions are more common in children than in adolescents or
young adults [47] and should not be overlooked [48]. Specific
radiographic views have been described to increase diagnostic
sensitivity, as the identification of avulsions may be lacking on
conventional views [49]. In fact, up to 62% of sprains were
undetected avulsions [24], with only 30% union at three months
[25], and a recurrent risk of sprain of 44% at two years [24]. This
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5 (50%)

2 (18%)

7 (18%)
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Evidence
v
v
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2 116 included patients, but 102 analyzable MRI.
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Gleeson et al.

Farley et al. [19]
Boutis et al. [11]
Kwak et al. [23]
Boutis et al. [12]
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Authors

Data from selected studies, and estimated incidences of SH1 fractures, ATFL sprains, and osteochondral avulsions.

Table 1
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incidence may appear high in comparison with MRI results and
could, according to the authors, be explained by the fact that small
avulsions can go undetected on MRI and be falsely classified as
isolated bone contusions [24]. Some authors have described
accessory subfibular ossifications called os subfibulare [50,51].
Others have reported cases of children prone to episodes of pain or
instability with a subfibular bone associated with a history of ankle
trauma, suggesting that this ossification is a sign of an old avulsion
that went undetected [52,53]. Pill et al. suggested the resection of
this subfibular bone associated with a reconstruction of the ATFL at
an average of 3.2 years after the initial ankle sprain in children
complaining of chronic pain and recurrent sprains [54]. Recently,
Kim et al. showed that a large fragment, the presence of fluid
interposition between the fibula and the avulsion, or the presence
of oedema in this subfibular bone were predictive factors of
instability and chronic pain [55].

We recognize several limitations to our study. First, it is a
systematic review dealing with heterogeneous articles using
different imaging modalities. Secondly, scarce data is confirming
a clinical suspicion of SH1 fractures. They cover a period spanning
twenty years with fluctuating results over time. One might wonder
whether the older reports were overestimating SH1 fractures
because of older MRI machines and our lack of knowledge of
specific views to identify avulsions. Besides, it would have been
interesting to compare two age groups: 5-10 years old on the one
hand, and 11-16 years old on the other. Children have different
bone and ligament strength according to each age group. The
differential diagnosis in this anatomical region in adolescence is
Tillaux's fracture, the management of which differs in every way
from the sprain. However, since most studies included all age
groups up to 14 or 15 years old, we couldn't compare childhood and
adolescence. Finally, the level of evidence of most studies remains
low. Carrying out higher-level research and focusing more
precisely on distinguishing children by age group is necessary to
answer the question exactly.

5. Conclusion

There is a non-negligible incidence of ATFL sprains and fibular
tip avulsions in patients with a suspected SH1 fracture of the distal
fibula. The most recent studies and the use of MRI in studies of a
higher level of evidence are starting to question the estimated high
incidence of SH1 fractures and prove the apparent predominance
of ATFL sprains and fibular tip osteochondral avulsions. This should
be taken into consideration in daily practice when ordering
radiological examination and deciding on treatment modalities

Funding source

The authors, their immediate families and any research
foundations with which they are affiliated have not received any
financial payments or other benefits from any commercial entity
related to the subject of this article.

Conflict of interest disclosure

GR, TN, GEK, and TL have nothing to disclose. AH is occasional
educational consultant for Medacta outside the scope of this work.
TB is occasional educational consultant for Arthrex, and associated
editor of OTSR-RCOT, outside the scope of this work.

References

[1] Swenson DM, Collins CL, Fields SK, Comstock RD. Epidemiology of U.S.
High school sports-related ligamentous ankle injuries, 2005/06-2010/11.

Foot and Ankle Surgery xxx (XXxX) XXX—-XXX

Clin J Sport Med 2013;23(3):190-6, doi:http://dx.doi.org/10.1097/
JSM.0b013e31827d21fe.

[2] Waterman BR, Owens BD, Davey S, Zacchilli MA, Belmont ]Jr. P]. The
epidemiology of ankle sprains in the United States. ] Bone Jt Surg Am
2010;92(13):2279-84, doi:http://dx.doi.org/10.2106/JBJS.1.01537.

[3] Marsh JS, Daigneault JP. Ankle injuries in the pediatric population. Curr

Opin Pediatr 2000;12(1):52-60, doi:http://dx.doi.org/10.1097/00008480-

200002000-00011.

Beck]J, VandenBerg C, Cruz Al Ellis Jr. HB. Low Energy, lateral ankle injuries in

pediatric and adolescent patients: a systematic review of ankle sprains and

nondisplaced distal fibula fractures. ] Pediatr Orthop 2020;40(6):283-7, doi:
http://dx.doi.org/10.1097/BP0.0000000000001438.

Doherty C, Delahunt E, Caulfield B, Hertel ], Ryan ], Bleakley C. The incidence

and prevalence of ankle sprain injury: a systematic review and meta-analysis

of prospective epidemiological studies. Sports Med 2014;44(1):123-40, doi:
http://dx.doi.org/10.1007/s40279-013-0102-5.

van den Bekerom MP, Kerkhoffs GM, McCollum GA, Calder ]JD, van Dijk CN.

Management of acute lateral ankle ligament injury in the athlete. Knee Surg

Sports Traumatol Arthrosc 2013;21(6):1390-5, doi:http://dx.doi.org/10.1007/

s00167-012-2252-7.

[7] Salter RB, Harris WR. Injuries involving the epiphyseal plate. ] Bone Jt Surg Am
1963;45:587-622.

[8] Salter RB. Injuries of the ankle in children. Orthop Clin North Am
1974;5:147-52.

[9] Podeszwa DA, Mubarak SJ. Physeal fractures of the distal tibia and fibula
(Salter-Harris Type I, II, III, and IV fractures). ] Pediatr Orthop 2012;32(Suppl
1):562-8, doi:http://dx.doi.org/10.1097/BP0O.0b013e318254c7e5.

[10] Boutis K, Willan AR, Babyn P, Narayanan UG, Alman B, Schuh S. A randomized,
controlled trial of a removable brace versus casting in children with low-risk
ankle fractures. Pediatrics 2007;119:e1256-63, doi:http://dx.doi.org/10.1542/
peds.2006-2958.

[11] Su AW, Larson AN. Pediatric ankle fractures: concepts and treatment
principles. Foot Ankle Clin 2015;20:705-19, doi:http://dx.doi.org/10.1016/j.
£cl.2015.07.004.

[12] Launay F, Barrau K, Petit P, Jouve JL, Auquier P, Bollini G. Ankle injuries without
fracture in children. Prospective study with magnetic resonance in 116
patients. Rev Chir Orthop Reparatrice Appar Mot 2008;94:427-33, doi:http://
dx.doi.org/10.1016/j.rco.2008.03.034.

[13] Boutis K, Narayanan UG, Dong FF, Mackenzie H, Yan H, Chew D, et al.
Magnetic resonance imaging of clinically suspected Salter-Harris I fracture of
the distal fibula. Injury 2010;41(8):852-6, doi:http://dx.doi.org/10.1016/j.
injury.2010.04.015.

[14] Boutis K, Plint A, Stimec ], Miller E, Babyn P, Schuh S, et al. Radiograph-Negative
Lateral Ankle Injuries in Children: Occult Growth Plate Fracture or Sprain?
JAMA Pediatr 2016;170(1):e154114, doi:http://dx.doi.org/10.1001/jamapedi-
atrics.2015.4114.

[15] Hofsli M, Torfing T, Al-Aubaidi Z. The proportion of distal fibula Salter-Harris
type I epiphyseal fracture in the paediatric population with acute ankle injury:
a prospective MRI study. ] Pediatr Orthop B 2016;25(2):126-32, doi:http://dx.
doi.org/10.1097/BPB.0000000000000248.

[16] Wright RW, Brand RA, Dunn W, Spindler KP. How to write a systematic review.
Clin Orthop Relat Res 2007;455:23-9, doi:http://dx.doi.org/10.1097/BLO.0-
b013e31802c9098.

[17] Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev 2015;4(1):1, doi:http://dx.doi.org/
10.1186/2046-4053-4-1.

[18] Von Lanz T, Wachsmuth W. Praktische anatomie. 2"¢ ed. Berlin: Springer-
Verlag Berlin; 2004.

[19] Stuart J, Boyd R, Derbyshire S, Wilson B, Phillips B. Magnetic resonance
assessment of inversion ankle injuries in children. Injury 1998;29(1):29-30,
doi:http://dx.doi.org/10.1016/s0020-1383(97)00115-0.

[20] Gleeson AP, Stuart M], Wilson B, Phillips B. Ultrasound assessment and
conservative management of inversion injuries of the ankle in children:
plaster of Paris versus Tubigrip. ] Bone Jt Surg Br 1996;78(3):484-7.

[21] Farley FA, Kuhns L, Jacobson JA, DiPietro M. Ultrasound examination of ankle
injuries in children. ] Pediatr Orthop 2001;21:604-7.

[22] Sankar WN, Chen J, Kay RM, Skaggs DL. Incidence of occult fracture in children
with acute ankle injuries. ] Pediatr Orthop 2008;28(5):500-1, doi:http://dx.
doi.org/10.1097/BP0.0b013e31817b9336.

[23] Endele D, Jung C, Bauer G, Mauch F. Value of MRI in diagnosing injuries after
ankle sprains in children. Foot Ankle Int 2012;33(12):1063-8, doi:http://dx.
doi.org/10.3113/FAL.2012.1063.

[24] Yamaguchi S, Akagi R, Kimura S, Sadamasu A, Nakagawa R, Sato Y, et al.
Avulsion fracture of the distal fibula is associated with recurrent sprain after
ankle sprain in children. Knee Surg Sports Traumatol Arthrosc 2019;27:2774-
80, doi:http://dx.doi.org/10.1007/s00167-018-5055-7.

[25] Kwak YH, Lim JY, Oh MK, Kim W], Park KB. Radiographic diagnosis of
occult distal fibular avulsion fracture in children with acute lateral ankle
sprain. ] Pediatr Orthop 2015;35:352-7, doi:http://dx.doi.org/10.1097/
BP0.0000000000000271.

[26] Voizard P, Moore ], Leduc S, Nault ML. The heterogeneous management
of pediatric ankle traumas: a retrospective descriptive study.
Medicine (Baltimore) 2018;97(24):e11020, doi:http://dx.doi.org/10.1097/
MD.0000000000011020.

[4

[5

[6


http://dx.doi.org/10.1097/JSM.0b013e31827d21fe
http://dx.doi.org/10.1097/JSM.0b013e31827d21fe
http://dx.doi.org/10.2106/JBJS.I.01537
http://dx.doi.org/10.1097/00008480-200002000-00011
http://dx.doi.org/10.1097/00008480-200002000-00011
http://dx.doi.org/10.1097/BPO.0000000000001438
http://dx.doi.org/10.1007/s40279-013-0102-5
http://dx.doi.org/10.1007/s00167-012-2252-7
http://dx.doi.org/10.1007/s00167-012-2252-7
http://dx.doi.org/10.1097/BPO.0b013e318254c7e5
http://dx.doi.org/10.1542/peds.2006-2958
http://dx.doi.org/10.1542/peds.2006-2958
http://dx.doi.org/10.1016/j.fcl.2015.07.004
http://dx.doi.org/10.1016/j.fcl.2015.07.004
http://dx.doi.org/10.1016/j.rco.2008.03.034
http://dx.doi.org/10.1016/j.rco.2008.03.034
http://dx.doi.org/10.1016/j.injury.2010.04.015
http://dx.doi.org/10.1016/j.injury.2010.04.015
http://dx.doi.org/10.1001/jamapediatrics.2015.4114
http://dx.doi.org/10.1001/jamapediatrics.2015.4114
http://dx.doi.org/10.1097/BPB.0000000000000248
http://dx.doi.org/10.1097/BPB.0000000000000248
http://dx.doi.org/10.1097/BLO.0b013e31802c9098
http://dx.doi.org/10.1097/BLO.0b013e31802c9098
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.1016/s0020-1383(97)00115-0
http://dx.doi.org/10.1097/BPO.0b013e31817b9336
http://dx.doi.org/10.1097/BPO.0b013e31817b9336
http://dx.doi.org/10.3113/FAI.2012.1063
http://dx.doi.org/10.3113/FAI.2012.1063
http://dx.doi.org/10.1007/s00167-018-5055-7
http://dx.doi.org/10.1097/BPO.0000000000000271
http://dx.doi.org/10.1097/BPO.0000000000000271
http://dx.doi.org/10.1097/MD.0000000000011020
http://dx.doi.org/10.1097/MD.0000000000011020

G Model
FAS-1624; No. of Pages 6

G. Rougereau, T. Nodilles, G.E. Khoury et al.

[27] Dowling SK, Wishart I. Use of the Ottawa Ankle Rules in children: a survey of
physicians’ practice patterns. CJEM 2011;13:333-8.

[28] Boutis K, Howard A, Constantine E, Cuomo A, Somji Z, Narayanan UG. Evidence
into practice: pediatric orthopaedic surgeon use of removable splints for
common pediatric fractures. ] Pediatr Orthop 2015;35:18-23, doi:http://dx.
doi.org/10.1097/BP0.0000000000000223.

[29] Anderson A. Injury-ankle. In: Fleisher GR, Ludwig S, editors. Textbok of
paediatric emergency medicine. 4th edn. Philadelphia: Lippincott Williams
and Wilkins; 2000. p. 321-9.

[30] King JB. ABC of sports medicine. Management of the acutely injured joint. BM]
1994;309:46-9.

[31] Rogers LF. The radiography of epiphyseal injuries. Radiology
1970;96:289-99.

[32] Owoeye OBA, Palacios-Derflingher LM, Emery CA. Prevention of ankle sprain
injuries in youth soccer and basketball: effectiveness of a neuromuscular
training program and examining risk factors. Clin ] Sport Med 2018;28:325-31,
doi:http://dx.doi.org/10.1097/JSM.0000000000000462.

[33] McHugh MP, Tyler TF, Tetro DT, Mullaney M], Nicholas SJ. Risk factors for
noncontact ankle sprains in high school athletes: the role of hip strength and
balance ability. Am ] Sports Med 2006;34(3):464-70, doi:http://dx.doi.org/
10.1177/0363546505280427.

[34] Hiller CE, Refshauge KM, Herbert RD, Kilbreath SL. Intrinsic predictors of
lateral ankle sprain in adolescent dancers: a prospective cohort study.
Clin ] Sport Med 2008;18(1):44-8, doi:http://dx.doi.org/10.1097/
JSM.0b013e31815f2b35.

[35] Hershkovich O, Tenenbaum S, Gordon B, Bruck N, Thein R, Derazne E, et al. A
large-scale study on epidemiology and risk factors for chronic ankle instability
in young adults. ] Foot Ankle Surg 2015;54(2):183-7, doi:http://dx.doi.org/
10.1053/j.jfas.2014.06.001.

[36] Sugimoto D, McCartney RE, Parisien RL, Dashe ], Borg DR, Meehan 3rd WP.
Range of motion and ankle injury history association with sex in pediatric and
adolescent athletes. Phys Sportsmed 2018;46(1):24-9, doi:http://dx.doi.org/
10.1080/00913847.2018.1413919.

[37] Trojian TH, McKeag DB. Single leg balance test to identify risk of ankle sprains.
Br J Sports Med 2006;40:610-3.

[38] Willems TM, Witvrouw E, Delbaere K, Philippaerts R, De Bourdeaudhuij I, De
Clercq D. Intrinsic risk factors for inversion ankle sprains in females-a
prospective study. Scand ] Med Sci Sports 2005;15(5):336-45, doi:http://dx.
doi.org/10.1111/j.1600-0838.2004.00428 .

[39] McGuine TA, Greene J], Best T, Leverson G. Balance as a predictor of ankle
injuries in high school basketball players. Clin ] Sport Med 2000;10(4):239-44,
doi:http://dx.doi.org/10.1097/00042752-200010000-00003.

[40] Gribble PA, Terada M, Beard MQ, Kosik KB, Lepley AS, McCann RS, et al.
Prediction of lateral ankle sprains in football players based on clinical tests and
body mass index. Am ] Sports Med 2016;44(2):460-7, doi:http://dx.doi.org/
10.1177/0363546515614585.

[41] Timm NL, Grupp-Phelan J, Ho ML. Chronic ankle morbidity in obese children
following an acute ankle injury. Arch Pediatr Adolesc Med 2005;159(1):33-6,
doi:http://dx.doi.org/10.1001/archpedi.159.1.33.

Foot and Ankle Surgery xxx (XXxX) XXX—-XXX

[42] Simanovsky N, Hiller N, Leibner E, Simanovsky N. Sonographic detection of
radiographically occult fractures in paediatric ankle injuries. Pediatr Radiol
2005;35:1062-5, doi:http://dx.doi.org/10.1007/s00247-005-1536-1.

[43] Simanovsky N, Lamdan R, Hiller N, Simanovsky N. Sonographic
detection of radiographically occult fractures in pediatric ankle and wrist injuries.
J Pediatr Orthop 2009;29:142-5, doi:http://dx.doi.org/10.1097/BPO.0-
b013e318198452e.

[44] Lohman M, Kivisaari A, Kallio P, Puntila J, Vehmas T, Kivisaari L. Acute
paediatric ankle trauma: MRI versus plain radiography. Skeletal Radiol
2001;30:504-11, doi:http://dx.doi.org/10.1007/s002560100376.

[45] Boutis K, Komar L, Jaramillo D, Babyn P, Alman B, Snyder B, et al. Sensitivity of a
clinical examination to predict need for radiography in children with ankle
injuries: a prospective study. Lancet 2001;358(9299):2118-21, doi:http://dx.
doi.org/10.1016/S0140-6736(01)07218-X.

[46] Najaf-Zadeh A, Nectoux E, Dubos F, Happiette L, Demondion X, Gnansounou M,
et al. Prevalence and clinical significance of occult fractures in children with
radiograph-negative acute ankle injury. A meta-analysis. Acta Orthop
2014;85:518-24, doi:http://dx.doi.org/10.3109/17453674.2014.925353.

[47] Haraguchi N, Toga H, Shiba N, Kato F. Avulsion fracture of the lateral ankle
ligament complex in severe inversion injury: incidence and clinical outcome.
Am ] Sports Med 2007;35:1144-52, doi:http://dx.doi.org/10.1177/
0363546507299531.

[48] El Ashry SR, El Gamal TA, Platt SR. Atypical chronic ankle instability in a
pediatric population secondary to distal fibula avulsion fracture nonunion. ]
Foot  Ankle Surg 2017;56:148-52, doi:http://dx.doi.org/10.1053/j.
jfas.2016.04.018.

[49] Haraguchi N, Kato F, Hayashi H. New radiographic projections for avulsion
fractures of the lateral malleolus. ] Bone Jt Surg Br 1998;80:684-8, doi:http://
dx.doi.org/10.1302/0301-620x.80b4.8636.

[50] Kono T, Ochi M, Takao M, Naito K, Uchio Y, Oae K. Symptomatic os subfibulare
caused by accessory ossification: a case report. Clin Orthop Relat Res
2002;399:197-200, doi:http://dx.doi.org/10.1097/00003086-200206000-
00023.

[51] Launay F, Barrau K, Jouve JL, Petit P, Siméoni MC, Bollini G. Assessment of acute
ankle sprain with os subfibulare in children. J Pediatr Orthop 2007;16:61-5,
doi:http://dx.doi.org/10.1097/01.bpb.0000228391.24560.0c.

[52] Griffiths JD, Menelaus MB. Symptomatic ossicles of the lateral malleolus in
children. ] Bone Jt Surg Br 1987;69:317-9, doi:http://dx.doi.org/10.1302/0301-
620X.69B2.3102500.

[53] Berg EE. The symptomatic os subfibulare. Avulsion fracture of the fibula
associated with recurrent instability of the ankle. ] Bone Jt Surg Am
1991;73:1251-4.

[54] Pill SG, Hatch M, Linton JM, Davidson RS. Chronic symptomatic os subfibulare
in children. ] Bone Jt Surg Am 2013;95(1-6):e115, doi:http://dx.doi.org/
10.2106/]BJS.L.00847.

[55] Kim BS, Woo S, Kim ]JY, Park C. Radiologic findings for prediction of
rehabilitation outcomes in patients with chronic symptomatic os subfibulare.
Radiol Med (Torino) 2017;122:766-73, doi:http://dx.doi.org/10.1007/s11547-
017-0786-y.


http://dx.doi.org/10.1097/BPO.0000000000000223
http://dx.doi.org/10.1097/BPO.0000000000000223
http://dx.doi.org/10.1097/JSM.0000000000000462
http://dx.doi.org/10.1177/0363546505280427
http://dx.doi.org/10.1177/0363546505280427
http://dx.doi.org/10.1097/JSM.0b013e31815f2b35
http://dx.doi.org/10.1097/JSM.0b013e31815f2b35
http://dx.doi.org/10.1053/j.jfas.2014.06.001
http://dx.doi.org/10.1053/j.jfas.2014.06.001
http://dx.doi.org/10.1080/00913847.2018.1413919
http://dx.doi.org/10.1080/00913847.2018.1413919
http://dx.doi.org/10.1111/j.1600-0838.2004.00428.x
http://dx.doi.org/10.1111/j.1600-0838.2004.00428.x
http://dx.doi.org/10.1097/00042752-200010000-00003
http://dx.doi.org/10.1177/0363546515614585
http://dx.doi.org/10.1177/0363546515614585
http://dx.doi.org/10.1001/archpedi.159.1.33
http://dx.doi.org/10.1007/s00247-005-1536-1
http://dx.doi.org/10.1097/BPO.0b013e318198452e
http://dx.doi.org/10.1097/BPO.0b013e318198452e
http://dx.doi.org/10.1007/s002560100376
http://dx.doi.org/10.1016/S0140-6736(01)07218-X
http://dx.doi.org/10.1016/S0140-6736(01)07218-X
http://dx.doi.org/10.3109/17453674.2014.925353
http://dx.doi.org/10.1177/0363546507299531
http://dx.doi.org/10.1177/0363546507299531
http://dx.doi.org/10.1053/j.jfas.2016.04.018
http://dx.doi.org/10.1053/j.jfas.2016.04.018
http://dx.doi.org/10.1302/0301-620x.80b4.8636
http://dx.doi.org/10.1302/0301-620x.80b4.8636
http://dx.doi.org/10.1097/00003086-200206000-00023
http://dx.doi.org/10.1097/00003086-200206000-00023
http://dx.doi.org/10.1097/01.bpb.0000228391.24560.0c
http://dx.doi.org/10.1302/0301-620X.69B2.3102500
http://dx.doi.org/10.1302/0301-620X.69B2.3102500
http://dx.doi.org/10.2106/JBJS.L.00847
http://dx.doi.org/10.2106/JBJS.L.00847
http://dx.doi.org/10.1007/s11547-017-0786-y
http://dx.doi.org/10.1007/s11547-017-0786-y

	Is lateral ankle sprain of the child and adolescent a myth or a reality? A systematic review of the literature
	1 Introduction
	2 Material and method
	2.1 Study protocol
	2.2 Research databases
	2.3 Articles selection
	2.4 Data extraction
	2.5 Method of analysis

	3 Results
	3.1 Selected articles
	3.2 Global incidence (Table 1)
	3.3 Incidence according to the imaging modality

	4 Discussion
	5 Conclusion
	Funding source
	Conflict of interest disclosure
	References


