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Summary

BACKGROUND: Femoral fracture is a significant major
trauma in children and adolescents, sometimes resulting
in serious complications. This study aimed to determine
the epidemiology of femoral fractures and to define asso-
ciated injuries and mortality incidence in a pediatric popu-
lation below 16 years old.

METHODS: The medical records of all patients with a
femoral fracture treated in our hospital from 1997-2016
were reviewed retrospectively. Age, gender, mechanism
of the trauma, month and season of fracture occurrence,
fracture type, associated injuries, and mortality data were
collected. Patients were divided into four age groups and
compared.

RESULTS: The study included 348 children with 353
femoral fractures. The mean annual prevalence of femoral
fracture during the study period was 22.7 per 100,000
children. Except for children less than 1 year old, most
fractures occurred in male patients (69%), with a male-
to-female ratio of 2.2:1. Road accidents were the most
common mechanism at all ages. Femoral fractures were
mainly due to low-energy trauma in neonates and infants,
to road accidents and low-energy trauma in preschool
children, to sports accidents in school-age children, and
to road traffic accidents in teenagers. February was the
month with the most occurrences of femoral fractures.
Winter was the peak season for femoral fractures in chil-
dren aged <1 year and 6-11 years (37.8% and 46.4%
of fractures respectively), whereas autumn was the most
common season (29.5%) for preschool children and spring
(31.1%) the most common in the teenagers group. Dia-
physeal fractures were the most commonly reported le-
sions in all four age groups, representing 72.3% of all frac-
tures. Only 18 fractures were open (5.1%). Eighty-eight
patients (25.3%) presented with associated injuries at ad-
mission, 12 presented with Waddell’s triad of injuries, and
the mortality rate was calculated to be 1.1% (four cases).

CONCLUSION: The circumstances of injury and the sea-
sonality of femoral fractures differed significantly depend-
ing on the children’s ages. Moreover, the morbidity of
femoral fractures in children was closely correlated with
associated injuries. (Level of evidence: Level lll)

Keywords: traumatology, emergency medicine, orthope-
dic medicine, femoral fracture, Waddell's triad

Introduction

Femoral fracture is a significant major trauma in children
and adolescents, sometimes resulting in serious compli-
cations and disability. Paediatric femoral fractures may
involve all femoral parts. They occur in children of all
ages and may have a significant impact on the child and
family [1]. In Western countries, femoral shaft fractures
are among the most common diaphyseal fractures in chil-
dren, with a mean estimated incidence of 20 fractures per
100,000 children [2-5]; in some series this incidence may
rise to 35-60 per 100,000 [6-8].

Falls and motor vehicle collisions are responsible for two
thirds of femoral fractures [3, 4, 9]. Mortality associated
with femoral fracture is estimated at 1 in 600 patients [9]
and is closely correlated with associated injuries resulting
from high-energy trauma [4].

Although many publications have reported on the various
options for treating paediatric femoral fractures, fewer
studies have focused on their demographical and etiologi-
cal characteristics. Thus, the present study aimed to assess
femoral fractures in a single Swiss health district in chil-
dren below 16 years old, with particular reference to epi-
demiology, fracture patterns and associated injuries. This
retrospective study includes some previously unexplored
criteria, such as the rate of pathological fractures, the mor-
tality rate and the prevalence of open fractures.

Methods

Following approval from the Children’s Hospital Review
Board, we retrospectively reviewed the inpatient data of all
children aged 0 to less than 16 years old admitted to Gene-
va University Hospital for femoral fractures between Jan-
uary 1997 and December 2016. Osteochondral fractures
and slipped capital femoral epiphysis were excluded. Our
children’s hospital is the only medical facility providing
inpatient and specialised medical services, especially for
paediatric trauma, to the canton’s 460,000 inhabitants. The
health district’s annual population of children aged 0-15
years old was extracted from statistics published by the re-
gional population office [10].
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All files were identified via a computerised search using
codes matching diagnoses containing the items femur and
fracture. We focused on cases from 1997 to 2016 specifi-
cally because this was the time period for which it was pos-
sible to retrieve the data from computer files without the
intermediate step of accessing medical paper files. Howev-
er, data were only extracted from the inpatient database.

Data on patient demographics (age and sex), admission
month, injury mechanism and trauma circumstances, as-
sociated lesions, open fractures, and pathological fractures
were collected. Fractures were retrospectively classified
according to their location (epiphyseal, physeal, metaphy-
seal or diaphyseal), the Salter—Harris classification for dis-
tal physeal fractures, the Delbet classification for femoral
head and neck fractures, and, if the fracture was open, the
Gustilo-Anderson classification. Trauma circumstances
were divided into six groups: low-energy trauma (domestic
accident in or around the house/at school), road accident,
playful activities (swing, slide, trampoline, skateboarding
or similar), sporting activities, falls from a height >2 m,
and confirmed child abuse or iatrogenic (birth trauma). The
fracture was considered pathological when it was caused
by an underlying disease or medical condition. The results
were then organised into four age groups: infants (<1 year
old), preschool children (1-5 years old), primary school
age children (611 years old) and teenagers (12—15 years
old). These groups were chosen to facilitate comparisons
with data in the existing literature and because of the dif-
ferent mechanisms of injury linked to age-related differ-
ences in children’s physical activities. The results were
also analysed according to the season of the trauma. Sea-
sonal fracture occurrence was grouped in winter
(Dec—Feb), spring (Mar—May), summer (Jun—Aug) and au-
tumn (Sep—Nov).

Data analysis and statistical analysis

Data were collected on patients’ demographical and epi-
demiological characteristics, on fracture-specific informa-
tion including fracture location and fracture type, and on
associated lesions. The results were subsequently interpret-
ed, considering firstly all the patients together and then
the four previously defined age groups. Statistical analyses
were performed using R v.3.1.3 software and the RStudio
interface (RStudio, Inc., Boston, MA, US). Chi squared
statistical tests were used and the results were presented
as n/total (%). For outcomes with significant effects (p
<0.05), post-hoc analyses were performed with the Bon-
ferroni correction (age group effect: p <0.008 (0.05/6), cir-
cumstances effect: p <0.003 (0.05/15)).

Results

Patients’ characteristics

The study included 348 children with 353 femoral frac-
tures (fig. la, b). These patients were identified as being
part of a mean community population of 76,840 children
under 16 years old during the period studied (1997-2016).
Thus, the average annual incidence of femoral fracture was
22.7 new cases per 100,000 children. Male patients suf-
fered 240 fractures (69%), giving a male/female ratio of
2.2:1. We found an almost equal distribution of fractures
between the right side (n = 176, 50.6%) and the left side (n
=167, 48.0%) and found no differences in laterality with-
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in the different age groups (fig. 1a). Bilateral fractures oc-
curred in five cases (1.4%). The patient cohort’s mean age
was 7.5 years (SD +4.7; range 0-15 years); 37 children
(10.6%) were younger than 1 year old, 112 (32.2%) were
aged 1-5, 125 (35.9%) were aged 6—11, and the remaining
74 (21.3%) were teenagers (12-15 y/o). In children
younger than 1 year old, there was a predominance of girls
(25 cases; 68%), whereas females suffered four, three and
six times fewer fractures than males in Groups II (1-5
years old), III (611 years old) and IV (12—15 years old),
respectively.

Seasonal variation and mechanisms of injury
Since 1997, the mean number of cases per year has been
17.5 (min = 10; max = 26), as reported in figure 2a.

Of the 348 patients reviewed, the most common month was
February (48 patients (13.7%)), followed by October (37
patients (10.6%)) and June (36 patients (10.3%)), as re-
ported in figure 2b.

Winter was the peak season for fracture prevalence in chil-
dren less than 1 year old and those aged 6-11 years old
(37.8% and 46.4% respectively), whereas the peak season
for children aged 1-5 years old was autumn (29.5%), and
for the teenagers group it was spring (31.1%).

Injury mechanism was divided into six groups for analyt-
ical purposes (fig. 3a). Trauma mechanism was unknown
in 62 cases (88 fractures). Overall, road accidents account-
ed for the largest percentage of fractures (88 fractures,
25.1%). Femoral fractures caused by low-energy trauma
affected mostly children younger than 6 y/o (44% and
26% respectively in Groups I and II). Femoral fractures
due to sports injuries were mostly seen in patients aged
6-11 years old (35% of fractures in group III), whereas in
teenagers most femoral fractures were due to traffic acci-
dents (37% of fractures in group VI; p <0.001). Confirmed
child abuse (three cases; 9%) and birth trauma (two cases;
5%) contributed to 14% of the fractures in those younger
than 1 year (p <0.001).

Most traffic accident victims (51.3%) suffered their
femoral fracture in vehicle—vehicle collisions, followed by
vehicle—pedestrian collisions (33.3%), and bicycle/motor-
cycle accidents (15.4%). Regarding age, older children
(=12 years old) were more likely to be injured in vehi-
cle—vehicle collisions (55% of all motor vehicle collisions;
p <0.001) and bicycle/motorcycle accidents (50%), where-
as those between 6-11 years old made up most of the
pedestrian injuries (53.8%).

When considering injury mechanisms by time of year,
sport was the most common mechanism in winter (46% of
all winter femoral fractures; p <0.001), road accidents were
the most common mechanism in spring (31%), and low-
energy traumas were the most common mechanism in au-
tumn (29%) and summer (38%). The incidence of sports
injuries was more than ten times higher in winter (77%)
than in summer (6%). It is noteworthy that skiing injuries
accounted for more than half the femoral fractures result-
ing from sporting activities in this series (48 cases, 69%).

Type of fracture

Three hundred and forty-three patients sustained unilateral
femoral fractures, two had unilateral bi-focal fractures (a
combination of mid-shaft fractures with physeal/metaphy-
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Figure 1: Demographic data of patients. Waddell's triad, a triad of injuries associated with pedestrian—motor vehicle collisions, includes frac-
tured femoral shaft, intra-thoracic or intra-abdominal injuries, and head injury. Patients with two fractures can be count twice for the associated
lesions (183 lesions for 88 patients). Age is reported in years. F is female and M is male.
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seal fractures), and the remaining three had fractured both

femurs. Of the 353 fractures, 255 (72.2%) affected the
femoral shaft, 31 (8.8%) the distal metaphysis, 32 (9.1%)
the distal femur physis, 22 (6.2%) the femoral neck and
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7 (2.0%) the per/subtrochanteric region. Six (1.7%) med-
ical records failed to report the fracture’s location. Types

of fracture by patient age are reported in Figure 3b. Three
hundred and forty-four femoral fractures (94.4%) were

Figure 3: Comparison of age groups regarding distribution of injury mechanism and fracture location (A: n = 350 fractures, B: n = 344 frac-
tures; due to missing information). Chi-square statistical tests were used and results are presented as n/total (%). Significant differences be-
tween groups were considered at p <0.05 level for global age effect and p <0.008 with the Bonferroni correction (0.05/6) for post-hoc analyses.
Significant post-hoc analyses were represented as:a=1vsll,b=1vslll,c=1vsVI,d=1lvslll,e=1lvs VI, f=1llvs VI
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closed and 18 were open (5.1%). There were nine grade I,
five grade II and four grade III open fractures. One med-
ical record failed to report the open/closed fracture infor-
mation.

Diaphyseal fractures represented more than 70% of the to-
tal: 51% in Group I, 82% in Group II, 80% in Group III
and 59% in Group IV (fig. 3b). Thirty-seven percent of di-
aphyseal fractures were transverse (supplementary fig. Sla
in appendix 1), 30.0% were spiral, 31.4% were oblique
(fig. S1b), and only 1.3% were comminuted fractures. Spi-
ral fractures were mostly observed in the 1-5 y/o group
(35.4%), whereas transverse fractures were mostly seen in
infants <1 year old (54.5%) and those 6 years old and old-
er (43% in Group III and 70.5% in Group IV; p <0.001).
Diaphyseal fracture was the most common type of fracture
sustained by all mechanisms (fig. 4). Distal metaphyseal
fractures were mainly observed in children less than 1 y/o
(33%). Finally, distal physeal fractures (fig. S1c) occurred
mostly during the growth spurt (mean age 12 years) and af-
fected mainly males (male-to-female ratio of 5:1).

Pathological fractures

Pathological fractures were observed in 29 cases (8.1%)
and were located on the femoral shaft (13 cases), the distal
metaphysis (6 cases), the femoral neck (5 cases) and the
per/subtrochanteric region (5 cases). The most common
mechanism of pathological fracture (17 cases) was low-en-
ergy trauma (58.6%); the aetiologies are listed in figure Ic.

Swiss Med Wkly. 2020;150:w20360

Associated injuries and mortality rate

Of the 348 patients reviewed, 88 (25.3%) sustained a con-
comitant injury in addition to the femoral fracture (fig. 1d).
Femoral neck fractures (fig. S1d I appendix 1) were often
associated with pelvic fractures (9% of all associated in-
juries in femoral neck fractures). Most patients (12 cases)
presenting with Waddell’s triad (a triad of injuries associ-
ated with pedestrian—motor vehicle collisions and includ-
ing fractured femoral shaft, intra-thoracic or intra-abdomi-
nal injuries and head injury) were traffic accident victims:
four pedestrians, six injured in motor vehicle collisions and
two injured in bicycle/motorcycle accidents. The mortali-
ty rate associated with known femoral fracture was 1.1%
(four cases). In this series, three patients died after traffic
accidents resulting in a Waddell’s triad of injuries and the
remaining patient died due to a metastatic Ewing sarcoma
of the femur.

Discussion

The annual incidence of childhood femoral fractures in
the Geneva health district (22.7 per 100,000) was 35-70%
lower than in most previous studies (35-60 per 100,000)
[6-8]. However, the reported incidence of femoral fracture
may have been underestimated in this study since undis-
placed fractures (especially in toddlers or in patients with
osteogenesis imperfecta or cerebral palsy) are often man-
aged in ambulatory care clinics. Also, many femoral frac-
tures derived from skiing injuries were probably initially
treated at the nearest medical centres. However, we noted

Figure 4: Comparison of injury mechanism considering type of fracture proportions (n=346 fractures due to seven cases with missing informa-
tion). Chi-square statistical tests were used and results are presented as n/total (%). Significant differences between groups were considered
at p <0.05 level for global age effect and p <0.003 with the Bonferroni correction (0.05/15) for post-hoc analyses. Significant post-hoc analyses
were represented as: b = child abuse/iatrogenic birth trauma vs fall from height (>2 m), ¢ = child abuse / iatrogenic birth trauma vs playful ac-
tivities, d = child abuse / iatrogenic birth trauma vs road accidents, e = child abuse / iatrogenic birth trauma vs sports
Repartition of injury mechanism by fracture location
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that most of the children from the Geneva population with
femoral fractures were transferred to our hospital either for
surgery, for immediate postoperative re-education or for
treatment follow-up. These cases were thus recorded, min-
imising this confounding bias.

Similarly to other studies [3-5, 9, 11, 12], our results show
a male predominance, which is probably associated with
more vigorous types of play and sports and with reinforced
behaviours [13, 14].

Contrary to former studies, our results showed no bimodal
age distribution, with the highest number of fractures in
children aged 611 years old [1]. These fractures were de-
rived mostly from sporting accidents, especially skiing in-
juries, which are specific to mountainous regions.

In our study, most femoral fractures occurred in winter,
with peaks in January and, especially, February. These
findings contradict the data of previous studies [6]. Winter
sports are enjoyed and widely practiced throughout
Switzerland, and thus the increase in the incidence of
femoral fractures in the winter months reflects injuries re-
lated to sporting activities such as skiing and snowboard-
ing.

The present study suggests that the most common mech-
anisms of injury were low-energy trauma (26.1%), ahead
of road accidents (20.9%) and sports-related accidents
(20.4%). This confirms the theory that environmental fac-
tors are more important than endogenous factors for the
risk of fracture [15, 16].

In agreement with previous studies, femoral shaft fractures
were the most commonly diagnosed femoral fracture in all
age groups (72.2%) [3, 4]. The prevalence of open frac-
tures was 5.4% of all femoral fractures, which supports the
notion that open femoral fractures are uncommon in chil-
dren [17, 18].

Our results show that distal physeal fractures were rare,
representing less than 10% of all femoral fractures, and
were usually due to high-energy trauma in school-age pa-
tients and to sports-related injuries in teenagers [19].

The main aetiology behind the 29 pathological femoral
fractures treated in our institution over the 27-year period
was benign tumours or tumour-like conditions (41.0%),
typical of pathological paediatric bone fractures [20]. As
mentioned before, these incidences might be underestimat-
ed in this study since undisplaced fractures in patients with
osteogenesis imperfecta or cerebral palsy are often man-
aged in ambulatory care clinics. Thus, osteogenesis imper-
fecta and cerebral palsy are considered risk factors for frac-
tures, and dedicated recommendations for medical staff to
prevent fractures in these patients are merited [21].

The incidence of associated injuries among the children in
our cohort was within the range of 20-40% reported pre-
viously [7, 8, 22]. Craniocerebral injuries were the most
common associated injuries in this case series (27%), fol-
lowed by abdominal (15%) and thoracic injuries (14%).
These data confirm the results of other studies [23]. Inter-
estingly, 95% of open femoral fractures were associated
with additional injuries, and 70% of these were due to a
vehicle-related trauma mechanism. Considering the lesions
mentioned above is crucial, since the presence of a head
or thoracic injury has been demonstrated to be associat-
ed with higher mortality [24]. We found Waddell’s triad
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in 18.7% of all cases of femoral fractures with associat-
ed injuries. Thus, in children with femoral fractures result-
ing from a high-impact mechanism, it is strongly recom-
mended to carefully check the head, chest and abdomen,
since the rapid detection and adequate treatment of severe
injuries associated with these areas improves patient out-
come and reduces mortality.

The mortality rate of children with femoral fractures was
1.1% in our study, and 75% of these fatalities were asso-
ciated with concomitant injuries, which is consistent with
previous findings [25].

Femoral fractures in very young patients, especially before
they are able to walk, may suggest physical child abuse
[26]. In our study, femoral fractures due to abuse were only
diagnosed in three patients aged less than six months (9%
of this youngest group of patients). Since Leventhal et al.
found that the incidence of femoral fractures due to abuse
was 15.3-36.1 cases per 100,000 children [27], in agree-
ment with Loder et al. [3], we suspect that the true number
is probably higher, due to the difficulty in diagnosing this.
Thus, attention must be paid to caregivers’ explanations of
events in order to differentiate fabrications from true de-
scriptions of actual mishaps [28].

In conclusion, the present study represents a large, retro-
spective, consecutive-case series on femoral fractures af-
fecting a paediatric population. The large cohort of chil-
dren and teenagers constitutes the study’s core strength,
whereas its main limitations are its retrospective and ob-
servational nature. A further limitation is the small sample
sizes in the subgroup analyses, making these analyses less
reliable. The circumstances of injury and the seasonality
of femoral fractures differ significantly with regard to the
age of the child. Femoral fractures were mainly due to
low-energy trauma in neonates and infants, road accidents
and low-energy trauma in preschool children, sports acci-
dents in school-age children, and road traffic accidents in
teenagers. There may be regional differences regarding the
sports practiced (skiing in our region), the traffic situation
and the driving age in the studied area. Moreover, the mor-
bidity of femoral fractures in children was closely correlat-
ed with associated injuries. Some fractures could probably
be avoided, and we expect that the results of this work will
be helpful for establishing recommendations for the pre-
vention of femoral fractures in childhood.
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Appendix 1 Supplementary figure

Figure S1:: X-ray examples of specific femoral fractures.

A) A 5-year-old male passenger was involved in a motor vehicles’ collision. In this case, the AP view

of the pelvis demonstrated a fully displaced transverse fracture of the diaphyseal right femur.

B) Radiographs of the right femur presenting a femoral shaft fracture in a 3-year-old boy sustained

injury in domestic accident.

C) A 7-year-old sustained a high-speed collision with his go-kart to the guard-rail. After the accident he
was unable to weight-bear his left lower limb and complained about severe pain. The initial antero-

: posterior X-ray revealed a distal physeal fracture of the left femur.

D) A x-year-old female sustained a low-energy domestic accident. Lauenstein view of the pelvis revealed

a Delbet II fracture of the right femoral neck.
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