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Background and purpose — To achieve a common understanding
when dealing with long bone fractures in children, the AO Pedi-
atric Comprehensive Classification of Long Bone Fractures (AO
PCCEF) was introduced in 2007. As part of its final validation, we
present the most relevant fracture patterns in the lower extremi-
ties of a representative population of children classified according
to the PCCE.

Patients and methods — We included patients up to the age
of 17 who were diagnosed with 1 or more long bone fractures
between January 2009 and December 2011 at either of 2 tertiary
care university hospitals in Switzerland. Patient charts were ret-
rospectively reviewed.

Results — More lower extremity fractures occurred in boys
(62%, n = 341). Of 548 fractured long bones in the lower extrem-
ity, 25% involved the femur and 75% the lower leg. The older
the patients, the more combined fractures of the tibia and fibula
were sustained (adolescents: 50%, 61 of 123). Salter-Harris (SH)
fracture patterns represented 66% of single epiphyseal fractures
(83 0f 126). Overall, 74 of the 83 SH patterns occurred in the distal
epiphysis. Of all the metaphyseal fractures, 74 of 79 were classi-
fied as incomplete or complete. Complete oblique spiral fractures
accounted for 57% of diaphyseal fractures (120 of 211). Of all
fractures, 7% (40 of 548) were classified in the category “other”,
including 29 fractures that were identified as toddler’s fractures.
5 combined lower leg fractures were reported in the proximal
metaphysis, 40 in the diaphysis, 26 in the distal metaphysis, and 8
in the distal epiphysis.

Interpretation — The PCCF allows classification of lower
extremity fracture patterns in the clinical setting. Re-introduction
of a specific code for toddler’s fractures in the PCCF should be
considered.

The AO Pediatric Comprehensive Classification of Long Bone
Fractures (PCCF) (Slongo et al. 2007b) was used in this ret-
rospective clinical study, using the AO Comprehensive Injury
Automatic Classifier (AOCOIAC) software (www.aofounda-
tion.org/aocoiac) (Joeris et al. 2014). Following a companion
paper on fractures of the upper extremity (Joeris et al. 2016,
also in this issue of Acta Orthopaedica), this paper presents
the morphological patterns of fractures of the lower extrem-
ity. As in the companion paper, the aim was to describe the
most relevant fracture patterns in a representative population
of children.

Patients and methods

Patients and methods are described in detail in Part I in this
issue (Joeris et al. 2016). Patients included were diagnosed
with 1 or more long bone fractures between 2009 and 2011
in Lausanne or Bern. The physis of fractured bones had to be
open. Standard anterior-posterior (AP) and lateral radiographs
were required.

The whole study cohort had 2,716 patients with 2,730
trauma events and 2,840 fractured long bones. For this study,
534 patients who had experienced 542 trauma events leading
to 548 fractured long bones in the lower extremity were iden-
tified. Patient demographics included age, sex, and BMI. The
BMI was only available for patients older than 2 years who
were treated at the university hospital in Bern (n = 152).

Statistics

Intercooled Stata software version 12 was used for analysis.
Fracture location and child-specific morphological patterns in
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Table 1. Demographics of patients with 548 lower
extremity fractures

Table 2. Distribution of fractures according to segment and type within bones.
Values are n (%)

Patients Infants/  Pre-school  School-
Parameter n (%) Bone Type toddlers children children Adolescents  Total
Number of patients 534 Femur (3) 23 40 35 37 135
Age @, years Proximal E 0 0 0 1 1
Mean (SD) 7.4 (4.8) M 1 2 0 4 7
Median (range) 7 (0-17) Shaft D 12 33 24 24 93
Age classes M 10 4 7 3 24
Infants and toddlers (< 2 years) 78 (15) Distal E 0 1 4 4 9
Pre-school children (2 to < 6 years) 134 (25) Multilevel 2 0 0 0 1 1
Schoolchildren ® (6 to < 11 years) 141 (26) Tibia/Fibula (4) 55 96 112 150 413
Adolescents (11 to 17 years) 181 (34) Tibia 37 (67) 63 (66) 55 (49) 65 (43) 220 (53)
Sex Proximal E 0 2 5 9 16
Girl 204 (38) M 10 9 1 8 23
Boy 330 (62) Shaft D 17 46 41 16 120
BMI classes © M 10 6 1 5 22
Severely thin 9 (6) Distal E 0 0 7 32 39
Thin 8 (5) Fibula 4(7) 6 (6) 36 (32) 24 (16) 70 (17)
Normal 90 (59) Proximal E 0 0 0 0 0
Overweight 28 (18) M 0 0 0 0 0
Obese 17 (11) Shaft D 3 0 0 3 6
M 1 1 0 1 8
2 Age at the time of event, truncated. Distal E 0 5 36 20 61
b Corresponds to middle childhood. Combined 14 (26) b 27 (28) 21 (19)¢ 61 (41)9 123 (30)
¢ The body mass index classes according to the WHO Total 78 136 147 187 548

could be only determined for patients in Bern who
were older than 2 years and for whom height and
weight measurements were available (n = 152).

D: diaphyseal; E: epiphyseal; M: metaphyseal.
2 One fracture event with 2 fracture locations.

b Including 1 fracture event with 3 fracture locations in the tibia and fibula.

¢ Including 2 fracture events with 2 fracture locations in the tibia.

9 Including 3 fracture events with 2 fracture locations in the tibia and 2 events with
3 locations in the tibia and fibula.

each location, including both single and combined fractures of
the tibia and fibula (hereon referred to as “combined fractures
in paired bones”) were cross-tabulated with absolute and rela-
tive frequencies according to age groups. The distribution of
fracture characteristics across age groups was assessed using
the chi-square test. Statistical significance was set at p < 0.05.

Results
Demographics
Patient demographics are given in Table 1.

Fracture location

Of the 548 fractured long bones in the lower extremity, 25%
involved the femur and 75% the lower leg (Table 2). Of 135
femoral fractures, 69% were shaft fractures. In the lower
leg, 53% were isolated tibial fractures (with the fibula being
intact). The tibial shaft was mostly affected (55%). Isolated
fibular fractures occurred in 13% of the lower extremity frac-
tures (70 of 548); 61 of 70 of these cases were distal epiphy-
seal fractures.

Overall, isolated epiphyseal fractures mainly occurred in
schoolchildren and adolescents (94%, 118 of 126). Isolated
metaphyseal fracture patterns were mainly diagnosed in

infants/toddlers and pre-school children (68%, 54 of 79). Iso-
lated diaphyseal fractures were mostly observed in pre-school
children, with a peak at 3 years, then declining gradually until
the age of 11 years. Around the age of 13 a second, smaller
peak of diaphyseal fractures was observed (Figure). The age-
related differences between epiphyseal, metaphyseal, and
diaphyseal fractures were statistically significant (p < 0.001).

There was a statistically significantly higher proportion of com-
bined lower leg fractures in adolescents (41%, 61 of 150) than in
the remaining patients (24%, 62 of 263) (p < 0.001) (Table 2).

Considering 115 combined lower leg fractures with a single
fracture location in each bone, combined shaft fractures were
the most frequent fracture pattern (Table 3, see Supplementary
data). In infants/toddlers and pre-school children, combined
fractures of the distal metaphysis in the tibia and fibula were
another frequent fracture pattern (19 of 40). Distal epiphyseal
fractures of the tibia in combination with distal metaphyseal
or epiphyseal fractures of the fibula represented 21% of com-
bined fractures of the tibia and fibula (24 of 115), with 22 of
the 24 involving adolescents.

Fracture morphology

93% of all lower extremity fractures (508 of 548) could be
classified into 1 of the predetermined child-specific fracture
patterns.
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Salter-Harris (SH) fracture patterns represented 66% of all
isolated epiphyseal fractures (83 of 126) (Table 4, see Supple-
mentary data). Overall, 74 of all 83 SH patterns occurred in
the distal epiphysis of the tibia, fibula, and femur. While 15
of 28 SH I fractures occurred in the distal fibula of school-
children, the SH II pattern was observed mostly in the distal
tibia of adolescents (16 of 38). SH III patterns (n = 11) and
SH IV patterns (n = 6) only occurred in schoolchildren and
adolescents.

53 of the 79 isolated metaphyseal fractures were classified
as incomplete fractures (including torus/buckle or greenstick
fractures) (Table 5, see Supplementary data); more than half
of these were diagnosed in infants and toddlers (29 of 53) and
involved the tibia in 17 of the 29. Furthermore, incomplete
fractures accounted for 15 of 53 in pre-school children, involv-
ing the tibia in 12 of the 15. Another 21 of the 79 metaphy-
seal fractures were classified as complete; 10 of these 21 were
diagnosed in adolescents.

Of the isolated diaphyseal fractures, complete oblique spiral
fractures occurred most frequently (57%, 120 of 211), with
pre-school children representing 44% of this fracture pattern
(53 of the 120). The tibia was involved in 58% of these frac-
tures (69 of the 120). 29 of the 33 diaphyseal fractures classi-
fied as “other” were diaphyseal fractures of the tibia and so-
called toddler’s fractures (Table 6, see Supplementary data).

Half of the combined fractures concerning the tibia and
fibula occurred in the diaphyseal region (40 of 79), with com-
plete oblique spiral fractures of the tibia accounting for 25 of
the 40 (Table 7, see Supplementary data). 24 of 26 combined
distal lower leg fractures involving the metaphysis were either
combined incomplete or combined complete fractures of the
tibia and fibula. All documented combined distal fractures
involving the epiphysis had SH I fracture patterns of the fibula
(Table 7, see Supplementary data).

Discussion

In this study, long bone fracture patterns in the lower extrem-
ity of children represented about 20% of a larger study cohort,
including both upper and lower extremity fractures (Joeris et al.
2014). Lower leg fractures accounted for 15% of the fractures
in this large cohort, a higher percentage than in 2 other recent
epidemiological studies—which reported proportions of 4%
and 7% (Cooper et al. 2004, Hedstrom et al. 2010). Most of the
lower leg fractures were tibial fractures or combined fractures
of the tibia and fibula. Applying the PCCF, we found some dis-
tinct age-specific fracture patterns of clinical relevance that had
not been described before. For example, epiphyseal fractures of
the lower leg were rare in infants/toddlers and pre-school chil-
dren. It is noteworthy that all fractures of the lower extremity
of infants/toddlers and pre-school children were extra-articular.

The occurrence of proximal epiphyseal fractures was rare
compared to the occurrence of distal epiphyseal fractures, but
similar observations have been made before, during the adap-
tation of the “SH” classification for epiphyseal fractures (Neer
and Horwitz 1965, Peterson and Peterson 1972, Ogden 1981).
SH II fractures were confirmed to be the most common type of
epiphyseal fracture (Tepper and Ireland 2003) and they mostly
occurred in adolescents.

The PCCF appeared to be especially comprehensive for
metaphyseal and epiphyseal lower extremity fractures (only
4 epiphyseal fractures and only 3 metaphyseal fractures
were classified as “other”’). However, compared to the upper
extremity, where 0.7% of all fractures could not be diagnosed
within 1 of the specific child fracture patterns (Joeris et al.
2016), 7% of the lower extremity fractures were diagnosed as
“other”. The majority of “other” fractures were so-called tod-
dler’s fractures (Shravat et al. 1996, John et al. 1997, Mellick
et al. 1999), which had been excluded as a separate category
(morphology code /3) from the PCCF earlier and included
in the category “other” (/9) instead (Slongo et al. 2006).
This conscious decision was made due to lack of reliability
of diagnosis—as it was noticed that using radiographs, sur-
geons would not be able to reliably distinguish between tod-
dler’s fractures and oblique/spiral fractures in the diaphysis.
Following a study in 1999 involving 55 children aged 1-8, it
was repeatedly stated that the term toddler’s fracture should
be replaced with the term childhood accidental spiral tibial
(CAST) fracture, as the fracture was found to involve more
the distal half of the tibia instead of the distal third (as origi-
nally defined). Another reason was that most spiral tibial frac-
tures occurred in children who were not chronologic toddlers
or were not within the originally defined age range of 9-36
months (Mellick et al. 1999).

With only 0.7% and 0.8% toddler’s fractures in 2 valida-
tion studies, the clinical significance of the toddler’s fracture
seemed limited (Slongo et al. 2006, Slongo et al. 2007a). In
this study, 5% of 548 lower extremity fractures were identi-
fied to be toddler’s fractures. Although these fractures may
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be difficult to diagnose from radiographs when very fine or
confused with oblique/spiral fractures, the inclusion of a spe-
cific category as initially suggested within the PCCF should
be reconsidered.

Even so, the PCCF is a classification system that was inten-
sively evaluated during its development process. Reliability
and validity parameters regarding fracture location by segment
are fully described elsewhere (Audigé et al. 2004, Slongo et
al. 2006, 2007a and c), thus making coding by a single experi-
enced surgeon trustworthy. The reliability of the classification
according to the child patterns would require further research
effort on the basis of this epidemiological description, but this
was beyond the scope of this paper.

Our study had limitations—in particular, its retrospective
study design, with the same problems for the lower extremity
and upper extremity cohorts (Joeris et al. 2016, this issue).
The quality of data was particularly dependent on the com-
pleteness of the patient charts.

Overall, the PCCF showed its usefulness for lower extrem-
ity fractures in a large patient cohort. The distribution data
presented may be generalized to children in developed coun-
tries and may be used for teaching purposes. Compared to the
upper extremity, a higher proportion of fractures were classi-
fied as “other”—mostly including toddler’s fractures, which
lack a specific PCCF fracture code. The effect of this classifi-
cation on choice of treatment and prognostication of outcomes
still needs to be determined in a prospective multicenter study,
which would complete the validation of the PCCFE.

Supplementary data

Tables 3—7 are available as supplementary data in the online
version of this article http://dx.doi.org/10.1080/17453674.20
16.1258533.
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