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Abstract
To investigate the age, gender, time, and etiology differences of traumatic lower limb fractures (TLLFs) in a population of children (�18
years old), we retrospectively reviewed 936 children who had TLLFs and who came to our university-affiliated hospitals from 2001 to
2010. This study enrolled 657 males (70.2%) and 279 females (29.8%) aged (11.6±4.9) years old. The most common etiologies
and fracture sites were motor vehicle collisions (MVCs, 440, 47.0%) and tibias (376, 40.2%). A total of 126 (13.5%) patients suffered
neurological deficits (NDs), 127 (13.6%) patients sustained associated injuries (ASOIs), and 78 (8.3%) patients sustained
complications. During all periods the occurrence increased with increasing age group and a male preponderance was observed in all
age groups. With increasing age, the proportion of injuries due to different etiologies increased and the proportion of femur fracture
decreased from 65.2% to 34.5%. With increasing year of admission, the proportion of injuries due to MVCs decreased. The most
common fracture sites were tibias in MVCs, femurs in low fall, high fall, and struck by object, feet in sprain. Male patients presented
with significantly higher proportions of injuries due to struck by object and sprain, significantly lower proportions of pelvis fracture than
the female patients. MVCs and tibias were the most common etiologies and fracture sites. Prevention and treatment should be taken
according to the pattern of TLLFs which have specific annual, gender, and age characteristics.

Abbreviations: ASOIs = associated injuries, CT = computed tomography, MRI = magnetic resonance imaging, MVCs = motor
vehicle collisions, ND = neurological deficit, PNI = peripheral nerve injuries, SD = standard deviation, TLLFs = traumatic lower limb
fractures.
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1. Introduction
Pediatric fractures are common among all age groups and
comprise about 15.8% in China.[1] Among patients presented
with lower limb fractures, fractures in children and adolescent
(0–19 years) accounted for about 19.2%,[2] and the incidence of
pediatric fractures increased with year of admission.[3] Lower
limb fractures account for approximately 20% of all fractures
in children and may result in substantial mortality and
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morbidity.[4,5] During 2005 to 2006 in Sweden, 1692 fractures
(66% boys) happened in 1615 children (<16 years), 19.5%were
in the lower extremities.[4] For a total of 2716patients (60%boys)
in Switzerland, 2807 accidents with 2840 long bone fractures,
tibia, fibula, and femur accounted for about 20%.[5] Some studies
have shown the incidence of specific lower limb fracture sites and
specific etiology in pediatric patients,[3–13] the patterns of
fractures vary between countries and even regions within a
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country, depending on the local climate, culture, and leisure-time
activities,[6–13] but data on the overall patterns and epidemiologic
trends of traumatic lower limb fractures (TLLFs) has not been
studied extensively in Chongqing, China.
In the present study, we reviewed a multicenter (2 tertiary

hospitals in Chongqing, China) database of TLLFs in a population
of children �18 years of age that occurred over a 10-year period
between 2001 and 2010 to address these deficiencies and to
provide comprehensive information on this important childhood
public health problem in China. The incidence and patterns were
summarized with respect to the different age groups, the year of
admission and etiologies were investigated.
2. Materials and methods

2.1. Study population

Our study included 936 patients in a population of children (�18
years old) who had TLLFs between January 2001 and December
2010 and who came to our university-affiliated hospitals. We
made definitive diagnoses of TLLFs in patients who were children
(�18 years old) using X-rays, computed tomography (CT) and/or
magnetic resonance imaging (MRI). The patients were grouped in
four age groups: �3 years old, 3 to 6 years old, 6 to 12 years old
and 12 to 18 years old. The patients were grouped in 5 year of
admission range groups: 2001–2002, 2003–2004, 2005–2006,
2007–2008, and 2009–2010. The etiologies were grouped in 5
groups: MVCs, high fall (≥2m), low fall (<2m), mechanical
Table 1

The epidemiology of traumatic lower limb fractures according to diff
Etiologies MVCs Low fall High fall

Total 440 243 140
Male/female 299/141 (2.1) 170/73 (2.3) 101/39 (2.6)
Mean age 10.4±5.1 12.3±4.3 13.1±4.7
Age range
�3 25 (5.7) 12 (4.9) 6 (4.3)
3–6 113 (25.7) 20 (8.2) 13 (9.3)
6–12 133 (30.2) 75 (30.9) 27 (19.3)
12–18 169 (38.4) 136 (56.0) 94 (67.1)

Fracture sites
Femur 166 (37.7) 107 (44.0) 67 (47.9)
Tibia 209 (47.5) 98 (40.3) 37 (26.4)
Fibula 133 (30.2) 45 (18.5) 24 (17.1)
Pelvis 44 (10.0) 7 (2.9) 21 (15.0)
Patellar 10 (2.3) 14 (5.8) 5 (3.6)
Foot 79 (18.0) 20 (8.2) 38 (27.1)

ND 78 (17.7) 6 (2.5) 35 (25.0)
PNI 30 (6.8) 4 (1.6) 4 (2.9)

MVCs=motor vehicle collisions, ND=neurological deficit, PNI=peripheral nerve injuries.

Table 2

The epidemiology of traumatic lower limb fractures according to diff
Age range �3 3–6

Total 46 155
Male/female 32/14 (2.3) 102/53 (1.9)
Mean age 2.3±0.8 5.1±0.8
Fracture sites
Femur 30 (65.2) 76 (49.0)
Tibia 11 (23.9) 71 (45.8)
Fibula 5 (10.9) 49 (31.6)
Pelvis 3 (6.5) 8 (5.2)
Patellar 0 0
Foot 4 (8.7) 28 (18.1)

ND 6 (13.0) 15 (9.7)
PNI 2 (4.3) 10 (6.5)

ND=neurological deficit, PNI=peripheral nerve injuries.
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injury, struck by object, sprain and others. Sites of TLLFs were
divided into femur, tibia, fibula, pelvis, and foot. The study
protocol and this manuscript were approved by the committee on
ethics and the institutional review board of our institution.
2.2. Statistical analysis

All statistical analyses were performed using SPSS version 22.0
(SPSS, Inc., Chicago, IL). We used Pearson chi-square tests to
assess differences in age, sex distribution, and clinical character-
istics between the 2 groups. Differences in the continuous
variables between the 2 groups were evaluated using independent
samples t tests. The variables are expressed as mean ± standard
deviation (SD).
3. Results

3.1. Age, gender, and year of admission distributions

The study included 657 male and 279 female patients with a
mean age of 11.6±4.9 years and a sex ratio of 2.4 (Table 1). The
incidence peaked around the periods of 12 to 18 years in both
male and female patients. Patients in �3 years old group
accounted for 4.9%, whereas 3 to 6 years old patients accounted
for 16.6%, 6 to 12 years old patients accounted for 28.0%, 12
to 18 years old patients accounted for 50.5% (Table 2). As
shown in Figure 1, the number of children diagnosed was
increased with the year of admission. During all periods the
erent etiologies.
Struck by object Sprain Others Total

41 37 35 936
36/5 (7.2) 33/4 (8.3) 18/17 (1.1) 657/279 (2.4)
11.1±5.0 14.4±2.9 14.5±3.7 11.6±4.9

3 (7.3) 0 0 46 (4.9)
5 (12.2) 1 (2.7) 3 (8.6) 155 (16.6)
16 (39.0) 8 (21.6) 3 (8.6) 262 (28.0)
17 (41.5) 28 (75.7) 29 (82.9) 473 (50.5)

18 (43.9) 9 (24.3) 8 (22.9) 375 (40.1)
15 (36.6) 7 (18.9) 10 (28.6) 376 (40.2)
9 (22.0) 5 (13.5) 6 (17.1) 222 (23.7)
3 (7.3) 5 (13.5) 8 (22.9) 88 (9.4)
0 3 (8.1) 3 (8.6) 35 (3.7)

13 (31.7) 13 (35.1) 9 (25.7) 172 (18.4)
4 (9.8) 0 3 (8.6) 126 (13.5)
3 (7.3) 0 3 (8.6) 44 (4.7)

erent age range groups.
6–12 12–18 Total

262 473 936
178/84 (2.1) 345/128 (2.7) 657/279 (2.4)
9.6±1.7 15.9±1.7 11.6±4.9

106 (40.5) 163 (34.5) 375 (40.1)
110 (42.0) 184 (38.9) 376 (40.2)
67 (25.6) 101 (21.4) 222 (23.7)
20 (7.6) 57 (12.1) 88 (9.4)
7 (2.7) 28 (5.9) 35 (3.7)
38 (14.5) 102 (21.6) 172 (18.4)
29 (11.1) 76 (16.1) 126 (13.5)
8 (3.1) 24 (5.1) 44 (4.7)



Figure 1. Age, fracture site distribution according to different etiologies (A, B) and etiology distribution according to different year of admission (C).
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occurrence increased with increasing age group and a male
preponderance was observed in all age groups (Table 2). The
overall annual incidence of TLLFs was (89.1±34.8) patients
per 100,000 hospital admissions per 2-year period. Annual
3

incidence rates increased from 28.8 patients (2001–2002) to
113.5 patients (2007–2008) and then decreased to 94.0 patients
(2009–2010) with year of admission per 100,000 hospital
admissions per 2-year period.
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Table 4

The epidemiology of traumatic lower limb fractures according to
different genders.

Genders Male Female P

Total 657 279
Mean age 11.9±4.9 11.2±4.9 .051
Age range
�3 32 (4.9) 14 (5.0) .924
3–6 102 (15.5) 53 (19.0) .191
6–12 178 (27.1) 84 (30.1) .347
12–18 345 (52.5) 128 (45.9) .063

Year range
2001–2002 23 (3.5) 11 (3.9) .741
2003–2004 101 (15.4) 42 (15.1) .901
2005–2006 129 (19.6) 70 (25.1) .062
2007–2008 185 (28.2) 81 (29.0) .786
2009–2010 219 (33.3) 75 (26.9) .052

Etiologies
MVCs 299 (45.5) 141 (50.5) .159
Low fall 170 (25.9) 73 (26.2) .926
High fall 101 (15.4) 39 (14.0) .584
Struck by object 36 (5.5) 5 (1.8) .012
Sprain 33 (5.0) 4 (1.4) .010
Others 18 (2.7) 17 (6.1) .013

Fracture sites
Femur 269 (40.9) 106 (38.0) .399
Tibia 273 (41.6) 103 (36.9) .186
Fibula 151 (23.0) 71 (25.5) .417
Pelvis 52 (7.9) 36 (12.9) .017
Patellar 26 (4.0) 9 (3.2) .589
Foot 114 (17.4) 58 (20.8) .214

ND 90 (13.7) 36 (12.9) .744
PNI 32 (4.9) 12 (4.3) .706

MVCs=motor vehicle collisions, ND=neurological deficit, PNI=peripheral nerve injuries.
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3.2. Etiology

Overall, the most common etiologies were MVCs (47.0%),
followed by low falls (26.0%), high falls (15.0%) and struck by
object (4.4%). Among children of all different age range groups
and both gender groups, the most common causes of injury were
MVCs and low falls. With increasing year of admission, the
proportion of injuries due to MVCs decreased (Table 3).
The proportions of injuries due to struck by object and sprain
were significant higher in the male than female patients (Table 4).

3.3. Fracture sites and time

Among all the patients, the most common fracture sites were
tibias (40.2%) and femurs (40.1%), followed by fibulas (23.7%)
(Fig. 2). In children injured by MVCs, we predominantly
observed tibia (47.5%) and femur fractures (37.5%). In children
who suffered low falls, we mainly observed femur fractures
(44.0%) and fractures of the tibia (40.3%). In children who
suffered high fall, we predominantly noted fractures of the femur
(47.9%) and foot (27.1%). In patients struck by an object, we
predominantly observed fractures of the femur (43.9%) and tibia
(36.6%). In patients who sustained sprains, we most frequently
noted fractures of the foot (35.1%) and femur (24.3%).
The proportion of femur fractures was the largest in the high fall

group (47.9%) and lowest in the sprain group (24.3%). The
proportion of tibia fracture was the largest in the MVCs group
(47.5%) and lowest in the sprain group (18.9%). The proportion of
fibula fracture was the largest in the MVCs group (30.2%) and
lowest in the spraingroup (13.5%).Theproportionofpelvis fracture
was the largest in the high fall group (15.0%) and lowest in the low
fall group (2.9%). The proportion of foot fracture was the largest in
the sprain group (35.1%) and lowest in the low fall group (8.2%).
The most common fracture sites were femurs (65.2%) in the

�3 years old patients, femurs (49.0%) and tibias (45.8%) in the 3
to 6 years old patients, tibias (42.0%), and femurs (40.5%) in the
6 to 12 years old patients, tibias (38.9%) and femurs (34.5%) in
the 12 to 18 years old patients. With increasing age, the
proportion of femur fracture decreased from 65.2% to 34.5%.
The proportion of pelvis fracture was significant higher in the
female than the male patients (Table 4). The incidences had an
obvious seasonal, time variation and a little week variation, with
peaks in Autumn (28.0%), Monday (15.1%), Tuesday (15.1%),
and 16:00 to 20:00 PM (31.2%) (Fig. 3).

3.4. Neurological deficits (NDs), associated injuries
(ASOIs), and complications

A total of 126 (13.5%) patients suffered NDs, 127 (13.6%)
patients sustained ASOIs, and 78 (8.3%) patients sustained
Table 3

The etiology distribution according to different year of admission.

Year range 2001–2002 2003–2004

MVCs 20 (58.8) 80 (55.9)
Low fall 9 (26.5) 31 (21.7)
High fall 4 (11.8) 14 (9.8)
Struck by object 1 (2.9) 8 (5.6)
Sprain 0 6 (4.2)
Others 0 4 (2.8)
Total 34 143

MVCs=motor vehicle collisions.
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complications (Fig. 4). Among the patients who presented with
NDs, peripheral nerve injuries (PNI) were seen in 44 patients.

4. Discussion

Lower limb fractures account for approximately 20% of all
fractures in children and may result in substantial mortality and
morbidity.[4,5] Some studies have shown the incidence of specific
lower limb fracture sites and specific etiology in pediatric
patients,[3–14] but data on the overall patterns and epidemiologic
trends of TLLFs have not been studied extensively in China. In
the current study, pediatric and adolescent traumatic fractures
were evaluated in 2473 children of 18 years of age or less with a
total of 936 lower limb fractures (37.8%) over a 10-year period.
Of the patients with TLLFs, 473 (50.0%) could be found in the
2005–2006 2007–2008 2009–2010

99 (49.7) 125 (47.0) 116 (39.5)
53 (26.6) 67 (25.2) 83 (28.2)
25 (12.6) 40 (15.0) 57 (19.4)
10 (5.0) 7 (2.6) 15 (5.1)
5 (2.5) 10 (3.8) 16 (5.4)
7 (3.5) 17 (6.4) 7 (2.4)
199 266 294



Figure 2. Fracture site distribution of all 936 patients.
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age group of 12 to 18 years of age with the largest proportion.
During all periods the occurrence increased with increasing age
group and a male preponderance was observed in all age groups.
This statistic finding can be explained by increased activity, and
by more aggressive sports activities with increasing age. Our data
confirm that there is considerable variation in the incidence of
lower limb fractures by age and sex.
The most common causes were MVCs (47.0%), followed by

low falls (26.0%). Among children of all different age range
groups and both gender groups, the most common causes of
injury wereMVCs and low falls. Previous studies showed that the
leading cause of femur shaft fractures was fall of<1m in children
younger than 4 years of age, sports accidents in children 4 to 12
years of age, and traffic accidents in children 13 to 14 years of
age.[14] With increasing age the proportion of injuries due to
different etiologies increased and the proportion of femur
fractures decreased from 65.2% to 34.5%, which was consistent
with previous studies which showed that the number of femur
fractures decreased with increasing age.[14,15] The most common
fracture sites were the tibia (40.2%) in the current study. Similar
to previous reports, tibia shaft was the most common fracture site
Figure 3. Season, week, and time

5

in the lower limb region.[16,17] Therefore, we can see that the
pattern of TLLFs among the patients has its own characteristics
and that targeted intervention methods should be considered to
decrease the incidence and burden of TLLFs.
The incidences had an obvious seasonal variation, with peak in

autumn (28.0%). Cheng et al reported that femoral shaft
fractures and tibia shaft fractures showed a peak incidence in
winter.[16] The incidences demonstrated a time variation, with
peaks in 16:00 to 20:00 PM (31.2%). These are the seasons and
times of great opportunity for outdoor and sports activities, short
trips and recreation in general, thus tending to a higher chance of
trauma. We believe that the pattern of traumatic fractures among
children and adolescents is partly explained by changes in the
activity patterns of children over time. The peak time was during
rush hour or dismissal times. The study we presented here may be
useful to public health program planners in prioritizing funding
and developing approaches for the prevention and treatment of
lower limb fractures such as building a home management
program for stable pediatric fractures and a pediatric virtual
fracture clinic.[18]

This study has several limitations. First, it was limited by the
retrospective study design and by the small sample size. Second,
there may be selection bias because this study includes patients
who were referred to our teaching hospitals.
5. Conclusion

During all periods the occurrence increased with increasing age
group and a male preponderance was observed in all age groups.
With increasing age, the proportion of injuries due to different
etiologies increased and the proportion of femur fracture
decreased from 65.2% to 34.5%. With increasing year of
admission, the proportion of injuries due to MVCs decreased.
The most common fracture sites were tibias in MVCs, femurs in
low falls, high falls and struck by object, feet in sprain. Male
patients presented with significantly higher proportions of
injuries due to struck by object and sprain, significantly lower
proportions of pelvis fracture than the female patients.
Prevention and treatment should be taken according to the
pattern of TLLFs which have specific annual, gender and age
characteristics.
distribution of all 936 patients.
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Figure 4. Number of patients presented with associated injuries (A) and complications (B).
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