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Introduction

Trauma is the leading cause of death and disabil-
ity in children.1–3 Although femoral fractures 
account for only 2% of all pediatric fractures, 

they have a significant impact on patients, their 
families, and hospital resources, as femoral  
fractures always require inpatient care and  
treatment.3–8 In total, 70% of all closed femoral 
fractures are fractures of the femoral shaft, 12% 
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are fractures of the femoral neck or trochanter, and 18% of 
femoral fractures are distal.8,9 Fractures of the femoral neck 
or trochanter are more common in children older than 6 years 
of age,8 and boys are more affected (70%) than girls.8,9 
Furthermore, up to 80% of femoral fractures may be non-
accidental in children younger than 1 year of age.10–12 The 
most common injury mechanisms causing femoral fractures 
in children younger than 6 years of age are falls, whereas 
motor vehicle collision is the most common mechanism in 
older children, especially adolescents.4,8,13 The reported inci-
dence of femoral fractures varies from 11.8 to 20 per 100,000, 
and it seems that the annual incidence is decreasing.4,14,15 The 
treatment of femoral fractures is determined by the age, size, 
fracture type, and individual circumstances of the patient and 
therefore all femoral fractures require stabilization.16–18

The aim of this study was to assess the nationwide inci-
dence of primary femoral fractures treated surgically in 
Finland and Sweden between 1998 and 2016 and to deter-
mine the changes in incidence of hospitalizations among chil-
dren aged from 0 to 16 years.

Methods

This study covered the entire pediatric and adolescent popu-
lation aged younger than 17 years in Finland and Sweden 
with a primary diagnosed femoral fracture during an 18-year 
study period between 1 January 1998 and 31 December 
2016. Femoral fracture data were obtained from the National 
Hospital Discharge Registers of Finland (FNHDR) and 
Sweden (SNHDR). In both countries, the registers include 
all hospitalized children, and diagnoses are coded according 
to the International Classification of Diseases (ICD-10 since 
1997).

The main outcome variables in this study were the number 
of individual patients who were hospitalized with a main 
diagnosis of a femoral fracture and treated in operating room 
with a primary femoral fracture procedure. The femoral frac-
ture ICD-10 diagnosis codes used in this study were S72.0 
(fracture of head and neck of femur), S72.1 (pertrochanteric 
fracture of femur), S72.2 (subtrochanteric fracture of femur), 
S72.3 (shaft fracture of femur), and S72.4 (fracture of lower 
end of femur). To ensure only primary hospitalization and 
care, the femoral fracture ICD-codes were matched with the 
femoral procedure codes (NFJ40, NFJ42, NFJ50, NFJ52, 
NFJ54, NFJ60, NFJ62, NFJ64, NFJ70, NFJ86, NFJ99 in 
Finland and NFJ09, NFJ19, NFJ29, NFJ39, NFJ49, NFJ59, 
NFJ69, NFJ69, NFJ79, NFJ89, NFJ99 in Sweden). This 
study did not include newborn infants with femoral fractures 
at birth (ICD-10 code P13.4), as birth traumas are recorded to 
the National Birth Registry in both countries. Moreover, 
infants with femoral fracture, who were treated with Pavlik 
Harness or von Rosen splint, did not meet the inclusion crite-
ria as procedure codes related to bracing treatment are not 
registered. In addition, older children who have not been 
treated in the operating room were excluded from the study.

For further analysis, we classified patients into four age 
groups: patients younger than 1, 1–6.99, 7–11.99, and 12–
16.99 years of age. The fracture codes were divided into three 
groups: upper femoral fractures (S72.0, S72.1, and S72.2), 
femoral shaft fractures (S72.3), and distal femoral fractures 
(S72.4).

To calculate the incidence rates of primary femoral frac-
tures, the annual mid-year population of Finland and 
Sweden was obtained from the Official Statistics of Finland 
and Sweden, which serve as electronic national population 
registers.19,20 The annual incidences per 100,000 were  
calculated using annual mid-year population census data 
obtained from the Official Statistics of Finland and Sweden. 
All analyses were performed using R version 4.0.5 (R 
Foundation for Statistical Computing, Vienna, Austria). 
Thus, the incidence figures were the true results of the entire 
adolescent population in Finland and Sweden rather than 
cohort-based estimates with sampling variability, and there-
fore 95% confidence intervals were not calculated.

In 1998, Finland had a population of 5.16 million persons 
(2.64 million female and 2.52 male), of which 1.09 million 
were younger than 17 years of age (0.54 million girls and 0.55 
million boys). In 1998, Sweden had a population of 8.9 million 
persons (4.52 million female and 4.38 male), of which 1.85 
million were younger than 17 years of age (0.90 million girls 
and 0.95 million boys). In 2016, Finland had a population of 
5.50 million persons (2.79 million female and 2.71 million 
male), of which 1.01 million were younger than 17 years of age 
(0.49 million girls and 0.52 million boys). In 2016, Sweden 
had a population of 9.92 million persons (4.98 million female 
and 4.94 million male), of which 1.97 million were younger 
than 17 years of age (0.95 million girls and 1.02 million 
boys).19,21 The annual pediatric population and the yearly inci-
dence of fractures are described in Supplemental Appendix 1.

All data were stored in accordance with the General Data 
Protection Regulation (GDPR). The regional ethical commit-
tee approved the study (Reference Nos. 2013/581-31/5 and 
2016-2251-32, 2018/1823-32, 2020-04776, and 2020/06182) 
which was performed in line with the ethical standards of the 
1964 Declaration of Helsinki and its later amendments.

Results

During the 18-year study period, 6410 patients younger than 
17 years of age with femoral fracture were hospitalized and 
surgically treated in operating room in Finland (n = 2611) and 
Sweden (n = 3799). Fractures were more common among 
boys (Finland: n = 1914, 73%, Sweden: n = 2637, 69%) than 
girls (Finland: n = 697, 27%, Sweden: n = 1162, 31%). The 
mean incidence per 100,000 of all femoral fractures was 13.3 
in Finland and 11.0 in Sweden (Fig. 1). Two-thirds of the 
fractures were in the femoral shaft (Sweden: 73%, Finland: 
70%). The incidence (1/100,000) of all fractures between 
1998 and 2016 divided by country and gender in all age 
groups is represented in Fig. 1 and Table 1.
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Fig. 1. The incidence (1/100,000) of femoral fractures in all age groups between 1998 and 
2016 divided by country and gender.

Table 1. Mean percentages and incidences (1/100,000) of different fracture types divided by country, age, and gender.

Finland Femoral 
fracture

<1 year 1.0–6.99 years 7.0–11.99 years 12.0–16.99 years

 Girls Boys Girls Boys Girls Boys Girls Boys

S72.0–S72.2 Proximal 0.56 (6.1%) 0.36 (7.7%) 0.97 (18.3%) 0.87 (8.5%) 1.58 (21.0%) 1.78 (10.9%) 1.47 (16.6%) 3.93 (12.9%)

S72.3 Diaphyseal 4.85 (53.1%) 1.96 (42.3%) 3.50 (66.3%) 11.64 (85.7%) 4.80 (64.0%) 12.67 (77.4%) 6.05 (68.3%) 19.22 (63.1%)

S72.4 Distal 3.73 (40.8%) 2.32 (50.0%) 0.81 (15.4%) 0.78 (5.7%) 1.12 (15.0%) 1.92 (11.7%) 1.33 (15.1%) 8.33 (24.1%)

Sweden Femoral fracture <1 year 1.0–6.99 years 7.0–11.99 years 12.0–16.9 years

 Girls Boys Girls Boys Girls Boys Girls Boys

S72.0–S72.2 Proximal 0.62 (27.3%) 0 (0%) 0.65 (12.9%) 0.86 (7.9%) 1.91 (21.4%) 1.83 (12.5%) 1.77 (22.9%) 3.65 (16.8%)

S72.3 Diaphyseal 1.13 (50.0%) 1.46 (88.2%) 3.89 (77.2%) 9.46 (87.3%) 5.9 (66.1%) 11.5 (78.8%) 4.95 (64.0%) 14.13 (65.1%)

S72.4 Distal 0.51 (22.7%) 0.19 (11.8%) 0.5 (9.9%) 0.52 (4.8%) 1.11 (12.5%) 1.26 (8.7%) 1.01 (13.1%) 3.94 (18.2%)

Fig. 2A to C present the incidence of proximal, diaphy-
seal, and distal femoral fractures in different age groups.

Fractures in children younger than 1 year 
of age

A total of 114 children (Finland: n = 75 and Sweden: n = 39) 
younger than 1 year of age were hospitalized with femoral 

fracture and treated with casting during the 18-year study 
period. The incidence of all femoral fractures per 100,000 
persons was 6.8 in Finland and 2.0 in Sweden in this age 
group (Figs 1 and 2). Most of the fractures were located in the 
femoral shaft, with the incidence of 3.4 in Finland and 1.3 in 
Sweden. The incidence of femoral shaft fractures was lower 
in Finnish boys, 2.0, than in Finnish girls, 4.9. In Sweden, 
however, the incidence of femoral shaft fractures was higher 
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in boys, 1.5, than in girls, 1.1. In Finland, the incidence of 
femoral shaft fractures in boys increased during the study 
period from 3.5 in 1988 to 6.8 in 2005, but subsequently 
decreased to 3.7 in 2016. In Finnish girls, the incidence of 
femoral shaft fractures decreased from 7.2 to 3.8 during the 
study period, although an increasing trend was seen between 
the years 1998 and 2011 (from 7.2 to 10.1). In Sweden, the 
incidence of femoral shaft fractures in girls decreased from 
2.3 to 0 and remained at a steady level in Swedish boys. The 
incidence of upper femoral fractures in Finland was very low, 
0.5 (0.6 in girls and 0.4 in boys). In Sweden, the correspond-
ing incidences were 0.3, which included only fractures in 
girls. The incidence of distal femoral fractures was higher 
than upper femoral fractures, with incidence in Finland of 3.0 

(girls 3.7 and boys 2.3). The corresponding incidence in 
Sweden was 0.4 (girls 0.5 and boys 0.2).

Fractures in children aged 1.0–6.99 years

In this study group, the total number of fractures was 1606 
(Finland: n = 645, Sweden: n = 961) with male dominance 
(Finland 73%, Sweden 69%). The majority of fractures were 
located in the femoral shaft. The incidence per 100,000 femo-
ral shaft fractures among boys in Finland was 11.6 and 9.5 in 
Sweden. In girls, the incidence in Finland was 3.5 and 3.9 in 
Sweden. In this age group, we did not detect significant 
changes in the incidence of femoral shaft fractures during the 
18-year study period. Although the incidence of proximal 

Fig. 2. (A) The incidence (1/100,000) of proximal femoral fractures in children and adolescents between 1998 and 
2016 divided by country, age, and gender. (B) The incidence (1/100,000) of diaphyseal femoral fractures in children 
and adolescents between 1998 and 2016 divided by country, age, and gender. (C) The incidence (1/100,000) of 
distal femoral fractures in children and adolescents between 1998 and 2016 divided by country, age, and gender.
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femoral fractures was low with incidence in Finnish boys of 
1.2 and 0.9 in Swedish boys, the incidence of fractures 
increased slightly from 0.9 to 1.4 in Swedish boys during the 
study period. Among Swedish girls, the incidence of upper 
femoral fractures was 0.7 and decreased from 1.0 to 0.6. 
There were no changes in the incidence of distal femoral frac-
tures among girls and boys in Finland.

Fractures in children aged 7.0–11.99 years

In this age group, 1421 primary femoral fractures were 
recorded (Finland: n = 514, Sweden: n = 907) with a male 
dominance (Finland 73%, Sweden 67%). The incidence of all 
femoral fractures remained at steady level. Most of the frac-
tures were located in the femoral shaft. The incidence of fem-
oral shaft fractures in boys was 12.7 in Finland and 11.5 in 
Sweden. In girls, the incidence was 4.8 in Finland and 5.9 in 
Sweden. There were no significant changes in the incidence 
of femoral shaft fractures during the study period. The inci-
dence per 100,000 proximal femoral fractures in Finland was 
1.8 in boys and 1.6 in girls. In Sweden, the incidence was 1.8 
in boys and slightly higher at 1.9 in girls. The incidence of 
distal femoral fractures in Finnish girls was 1.1 and 1.9 in 
Finnish boys. The corresponding incidence in Swedish girls 
was 1.1 and 1.3 in Swedish boys. The incidence of distal fem-
oral fractures in boys decreased in Finland from 1.8 to 0.6 
and in Sweden from 2.3 to 1.3. In girls, the incidence of distal 
femoral fractures increased in Finland from 0.3 to 1.3 but 
decreased in Sweden from 1.0 to 0.4.

Fractures in adolescents aged 12.0–
16.99 years

The total number of femoral fractures was the highest in the 
adolescent group, 2766 (Finland: n = 1190, Sweden: n = 1576), 
with a male prevalence (Finland 78%, Sweden 75%). Two-
thirds of the fractures were located in the femoral shaft. The 
incidence of femoral shaft fractures in girls was 6.0 in Finland 
and 5.0 in Sweden. The corresponding incidence in boys was 
19.2 in Finland and 14.1 in Sweden. The incidence of femoral 
shaft fractures in Swedish boys first increased from 12.9 in 
1998 to 18.6 in 2008, and then decreased markedly to 8.9 in 
2016. In Swedish girls, the incidence trend increased during 
the early 2000s from 2.8 in 1988 to 7.8 in 2006, and then 
remained at a steady level with incidence of 4.7 between 
2007 and 2016. In Finland, the incidence of femoral shaft 
fractures remained at a steady level in boys, increasing from 
19.6 in 1987 to 30.3 in 1999, and then decreasing to a steady 
level of between 16.1 and 20.6 in 2016. In Finnish girls, the 
incidence almost doubled from 6.9 to 13.3. The incidence of 
proximal and distal femoral fractures remained at a steady 
level. The incidence of proximal femoral fractures was 1.5 in 
Finnish girls and 3.9 in Finnish boys. In Sweden, the corre-
sponding rates were 1.8 in girls and 3.6 in boys. The 

incidence of distal femoral fractures was 1.4 in Finnish girls 
and 7.3 in Finnish boys. In Sweden, the corresponding inci-
dence was 1.0 in girls and 3.9 in boys.

Discussion

Femoral fractures in children have significant impact for 
patients, family, and trauma resources as they require hospi-
talization and often surgical treatment in operating room. 
Based on earlier studies, the incidence of upper extremity 
fractures is increasing.2 The aim of this study was to deter-
mine whether the same trend is seen in femoral fractures. 
This study covers the hospitalization incidence and trends of 
femoral fractures treated in operating room in children and 
adolescents younger than 17 years of age in Finland and 
Sweden over a period of 18 years. In both countries, femoral 
shaft fractures were the most common in all age groups. We 
are unaware of the previous studies that have reported the 
incidence of proximal and distal femoral fractures. Male pre-
ponderance occurred in all age groups, except in the children 
younger than 1-year age group. In children younger than 
1 year of age, the incidence of femoral shaft fractures was 
higher in girls than in boys. Although the overall femoral 
fracture incidence decreased, the incidence of femoral shaft 
fractures increased in teenagers, especially among girls. In 
the oldest study group, adolescents aged from 12 to 
16.99 years, the incidence of femoral shaft fractures decreased 
in Swedish boys but increased noticeably in Finnish and 
Swedish girls. The incidence of femoral shaft fractures was 
slightly lower in Swedish boys than in Finnish boys. The total 
incidence per 100,000 femoral fractures in Finland was 13.3 
and 11.0 in Sweden. In this study, the incidence of femoral 
fractures is in line with that reported in earlier studies (from 
11.8 to 20 per 100,000).4,14,15

In this study, the incidence of femoral fractures in children 
younger than 1 year of age decreased in both Finnish boys 
and girls. In Swedish girls, the incidence also decreased, but 
a slight increase was seen in Swedish boys. In this youngest 
age group, the incidence of fractures was higher in girls in 
both Finland and Sweden.

Children younger than 1 year of age are a specific group, 
as they are very dependent on their parents or caregivers. The 
dependence of the child, especially a child younger than 
6 months of age, encompasses mobility, eating, drinking, and 
the avoidance of potentially hazardous situations.

In our study, we discovered a higher incidence of femoral 
fractures in infant girls than in boys. This finding may be 
coincidental because of the low number of patients, but other 
studies have reported similar findings concerning intentional 
traumas.12 Bridgman et al. found the incidence of femoral 
fractures to be similar in girls and boys in the first year of life, 
whereas Heideken et al. reported a slight girl predominance 
(51% versus 49%) in a Swedish study of femoral shaft 
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fractures.4,22 Hinton et al. also reported a higher femoral shaft 
fracture rate among girls younger than 2 years of age, although 
the fracture rate decreased with age.14

The etiology of fractures varies between the patients of 
different ages. In walking children, the most common cause 
of femoral fracture is a fall from a height of less than 1 m. In 
non-ambulatory children, the rate of non-accidental femoral 
shaft fracture rates is estimated to vary from 11% to 
80%.8,11,14,23 Femoral shaft fractures are the most common 
location of femoral fracture in both abused and non-abused 
children.11 Young age is a strong determinant of non-acci-
dental injury when a non-ambulatory child presents with a 
femoral fracture.24 In toddlers, the protective reflexes are 
still developing, and physical capability often outweighs 
judgment skills in assessing potentially dangerous situa-
tions and activities.14

According to Hinton et al., compromising the multiple 
regression analysis, a lower socioeconomic status and a 
greater overcrowding of housing structures were the strongest 
predictors of femoral fracture.14 Owing to data protection leg-
islation in Finland, we had no information concerning the eth-
nic background of the patients and their families. However, 
earlier studies have shown that ethnic background has an 
impact on femoral fracture risk.8 Sweden was the first country 
in the world to prohibit the corporal punishment of children in 
1979. Since then, there have been continuous campaigns and 
education programs, especially in maternity and children’s 
clinics, to reduce child abuse in both countries.4

In this study, the highest number of femoral fractures 
occurred in the oldest age group, adolescents aged from 12 to 
16.99 years. Surprisingly, the incidence of femoral shaft frac-
tures in girls increased in both countries during the 18-year 
study period, especially in Finnish girls. In Sweden, sports-
related accidents were the most frequent cause of femoral 
fractures in children aged between 4 and 12 years, whereas 
traffic accidents were the leading cause of femoral fractures 
in adolescents.4,13

In Finland, adolescents can obtain a moped driver’s license 
after turning 15 years of age (maximum speed of 40 km/h). In 
2016, 17,500 moped driver’s licenses were issued in Finland, 
and 38% of these licenses were issued to girls.25 Between 2003 
and 2016, the number of moped-related accidents reached a 
peak in 2011. In that year, a total of 305 accidents occurred 
(45% of the injured were girls) that required hospitalization. 
Between 2003 and 2016, the portion of injured girls varied 
from 17% to 45%, being highest in 2011 and 2016.19 The num-
ber of registered mopeds between 1998 and 2016 varied from 
1343 to 5740, with the number being highest in 2011, the same 
year the peak of moped-related accidents occurred.25 In 2011, 
the moped/scooter license requirements have been updated. 
Driver’s education, including theoretical instruction and prac-
tical driving lessons, has been increased. Kosola et al. detected 
that enhanced driver’s education may reduce the incidence and 
severity of moped and scooter accidents in adolescents.26 
Recently, Unkuri et al. investigated moped/motorized scooter 

and bicycle-related traumas in children aged 7–15 years in 
Finland. They found that moped/scooter riders had an eight-
fold higher incidence of injuries compared with bicycle riders. 
Furthermore, up to 50% of those injured suffered fractures. 
Most cyclists were injured after a fall, and most moped/scooter 
riders were injured in a collision, most often with a heavier 
motorized vehicle. Moreover, up to 8% of moped/scooter rid-
ers suffered a femoral fracture.27

In Sweden, the incidence of femoral shaft fractures among 
teenage girls was lower than in Finland, but we noticed an 
increasing trend. Engström et al. studied the epidemiology of 
femoral fractures in Sweden between 2015 and 2018.28 Based 
on the findings of their study, traffic-related accidents were 
the most common cause of femoral fractures in 13- to 15-year-
old teenagers. Most of the fractures were caused by motorcy-
cle accidents, followed by bicycle accidents. Over 90% of the 
patients were drivers.

The strength of this study is the similarity of the FNHDR 
and SNHDR, both providing excellent databases of patients 
treated in hospital.29,30 Hospitalization and treatment are 
equal for all patients living in Finland and Sweden. Poor or 
absent recording of the external causes of fractures and other 
missing or incorrectly recorded events are the most obvious 
weaknesses of this study. A major limitation of this study is 
the unknown number of individual infants with femoral frac-
tures who were treated with Pavlik Harness or von Rosen 
splint, as there is no recorded procedure code for bracing. 
Also, those individual patients treated with cast or traction 
without treatment in operating room were excluded from the 
study. This study also includes patients with osteogenesis 
imperfecta, cerebral palsy, metabolic, and other diseases 
known associated with increased fracture risk.

To summarize, femoral shaft fractures with male predomi-
nance represent the majority of femoral fractures in children 
and adolescents. The incidence of femoral fractures decreased 
during the 18-year study period in all age groups, except 
teenage girls. Fractures in the upper and distal femur are rare 
and, to our knowledge, data concerning the location of femo-
ral fractures have not been reported earlier. During the study 
period, the increasing number of registered mopeds and 
scooters in Finland may have had an impact on the increased 
incidence of femoral shaft fractures in girls. In children 
younger than 1 year of age, the incidence of femoral shaft 
fractures was higher in girls than in boys. For future, studies 
concerning injury side codes, treatment, and possible non-
accidental traumas of this specific age would be valuable.
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