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Background: Fractures which need urgent or emergency treatment are common in children and adolescents. This study inves-
tigated the incidence patterns of pediatric and adolescent orthopaedic fractures according to age groups and seasons in South
Korea based on population data.

Methods: Data on the number of pediatric and adolescent patients under the age of 18 years who utilized medical services due to
fractures were retrieved from the Health Insurance Review and Assessment service in South Korea. The data included four upper
extremity and two lower extremity fractures according to four age groups (0—4 years, 5-9 years, 10—14 years, and 15—18 years).
Incidences of the fractures were calculated as the incidence per 10,000 per year, and patterns according to age groups and sea-
sons were demonstrated.

Results: The annual incidence of clavicle, distal humerus, both forearm bone, distal radius, femoral shaft and tibial shaft fractures
were 27.5, 34.6, 7.7, 80.1, 2.5, and 9.6 per 10,000 per year in children and adolescents, respectively. Clavicle and distal radius
fractures showed significant seasonal variation for all age groups but femoral shaft fracture showed no significant seasonal varia-
tion for any of the age groups.

Conclusions: The four upper extremity fractures tended to show greater variations than the two lower extremity fractures in the
nationwide database in South Korea. The study results are believed to be helpful in the planning and assignment of medical re-
sources for fracture management in children and adolescents.
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Fractures are common orthopaedic problems in children
and adolescents, which require urgent or emergency man-
agement in most cases. These unpredictable emergencies
Department of Orthopedic Surgery, Seoul National University Bundang can place a signiﬁcant burden on medical resources, and
Hospital, 82 Gumi-ro 173beon-gil, Bundang-gu, Seongnam 463-707,  often results in the excessive workload of medical person-
Korea nel and a shortage of hospital rooms for admission. This
Tel: +82-31-787-6257, Fax: +82-31-787-4056 may be a systematic factor in the delivery of inappropriate
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medical care.

Previous studies have reported the incidence of
specific fractures differs according to age, season, weather,
and day of the week, etc.""” These studies provide infor-
mation on the risk factors for fractures, and possible pre-
ventive measures for fractures. On the other hand, most
studies have been confined to specific fractures, specific
age groups and specific hospitals,"**”*'""*"* and there is
insufficient population-based data given by these studies,
particularly data covering the nationwide population.

This study examined the incidence of several pediat-
ric and adolescent orthopaedic fractures including clavicle,
distal humerus, both forearm bone, distal radius, femoral
shaft, and tibial shaft fractures based on nationwide popu-
lation data, as well as the incidence patterns according to
seasonal variations and age groups.

METHODS

The institutional review board at our hospital waived ap-
proval for this study because it did not involve human sub-
jects as materials.

Study Population

The data of this study originated from the nationwide
population of South Korea, which has a total population of
48,219,000 as of 2009. Approximately 10 million children
and adolescents aged 18 years and under who were en-
rolled in the national health insurance system comprised
the study population.

Data Collection

Data on the number of pediatric and adolescent patients
who utilized medical services due to fractures were re-
trieved from the Health Insurance Review and Assessment
(HIRA) service. This institute reviews the suitability of
payments from the national health insurance scheme to
medical institutes, and also mediates in disputes between
producers and consumers of medical services, assesses the
adequacy of medical practice, and assists in the develop-
ment of government health policy in South Korea.

The data obtained from the HIRA contained the
monthly number of pediatric and adolescent patients be-
tween 2005 and 2009 according to four age groups (0-4
years, 5-9 years, 10-14 years, and 15-18 years) with diag-
nostic codes of $42.0, S42.4, S52.4, S52.5, S72.3, and S82.2
(in International Classification of Diseases 10), which rep-
resent clavicle fractures, fractures of the distal humerus,
both forearm bone fractures, distal radius fractures, femo-
ral shaft fractures and tibial shaft fractures.

Incidences of Fractures and Seasonal Variation

The annual incidence of each fracture was calculated by
dividing the total number of children and adolescents
that were enrolled in the national insurance system by the
total annual number of children and adolescent patients
with the fracture. The incidences were represented as the
incidence per 10,000 per year with 95% confidence in-
tervals (CI). The seasonal incidences were also presented
per 10,000 per year. Incidence variation was calculated by
dividing the highest incidence by the lowest incidence.

Statistical Methods

No specific statistical analysis was used other than de-
scriptive statistical analysis because this study included the
whole population. The distribution of fracture onset with-
in the four seasons was tested for homogeneity in the total
fracture population for each fracture type, using the chi-
square test for goodness of fit with Bonferroni’s correction.

RESULTS

The annual incidence of clavicle fractures, distal humerus
fractures, both forearm bone fractures, distal radius frac-
tures, femoral shaft fractures and tibial shaft fractures were
27.5 (95% CI, 27.2 to 27.8), 34.6 (95% CI, 34.2 to 34.9), 7.7
(95% CI, 7.5 to 7.9), 80.1 (95% CI, 79.6 to 80.6), 2.5 (95%
CI, 2.4 to 2.6), 9.6 (95% CI, 9.4 to 9.7) per 10,000 per year
in 2009, respectively. Both forearm bone and tibial shaft
fractures showed a slightly decreasing trend and femoral
shaft fractures showed a slightly increasing trend between
2005 and 2009 (Fig. 1).

In 2009, clavicle fractures showed a peak incidence
of 46.0 (95% CI, 45.1 to 46.9) in age group 0-4 years and
a decreasing incidence with age. Distal humerus fractures
showed peak incidence of 71.0 (95% CI, 70.0 to 72.0)
in the 5-9 year age group, followed by the 0-4 year age
group. The peak incidence of both forearm bone fractures
was 11.1 (95% CI, 10.8 to 11.5) in the 10-14 year age
group, showing a similar incidence of 10.7 (95% CI, 10.3
to 11.1) in the 5-9 year age group. Distal radius fractures
showed the greatest variation according to the age group:
148.1 (95% CI, 146.8 to 149.4) in the 10-14 year age group
and 19.0 (95% CI, 18.5 to 19.6) in the 0-4 year age group.
Femoral shaft fractures showed the least variation accord-
ing to age groups; the incidence was 1.9 (95% CI, 1.8 to 2.1)
in the 10-14 year age group and 3.6 (95% CI, 3.3 to 3.8)
in the 15-18 year age group. Tibial shaft fractures showed
a decreasing incidence with increasing age; incidence was
13.5(95% CI, 13.0 to 14.0) in the 04 year age group and 5.7
(95% CI, 5.5 to 6.0) in the 15-18 year age group (Fig. 2).
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Fig. 1. Annual incidences of pediatric and adolescent orthopaedic
fractures between 2005 and 2009. The incidence of distal radius fracture
was the highest, followed by distal humerus, clavicle, tibial shaft, both
forearm bone, and femoral shaft fractures. Both forearm bone and tibial
shaft fractures showed a slightly decreasing trend and femoral shaft
fractures showed a slightly increasing trend between 2005 and 2009.

In terms of seasonal variations in 2009, clavicle
fractures, distal humerus fractures, both forearm bone
fractures, and distal radius fractures showed the highest
incidence in summer, followed in order by autumn, spring
and winter. Femoral shaft fractures and tibial shaft frac-
tures showed a peak incidence in winter. Distal humerus
fractures showed the highest seasonal variation with the
highest and lowest incidence in summer (44.5) and win-
ter (24.9), respectively, whereas femoral shaft fractures
showed the lowest seasonal variations with the highest and
lowest incidence in winter (2.8) and spring and autumn
(2.3), respectively (Fig. 3).

Seasonal variation of each fracture was significant.
However, in the subgroup analysis, none of the age sub-
groups showed significant seasonal variation in femoral
shaft fracture. Clavicle and distal radius fractures showed
significant seasonal variation for all age subgroups (Table 1).

DISCUSSION

Tibial shaft fractures showed a slightly decreasing annual
incidence, whereas femoral shaft fractures showed an in-
creasing incidence during the recent five years between
2005 and 2009. Clavicle fractures, distal humerus fractures,
both forearm bone fractures and distal radius fractures
did not demonstrate any notable increasing or decreasing
tendency. Distal humerus fractures showed the greatest
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Fig. 2. This figure depicts the annual incidence of each fracture according
to age groups in 2009. Distal radius fractures showed the greatest
variation according to age groups, while femoral shaft fractures showed
the least variation.
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Fig. 3. Seasonal variation of pediatric and adolescent fracture incidences
in 2009. The four upper extremity fractures showed the highest incidence
in summer, while the two lower extremity fractures showed the highest
incidence in winter. Distal humerus fractures showed the highest
seasonal variations and femoral shaft fractures showed the lowest
seasonal variations.

age and seasonal variations, and femoral shaft fractures
showed the smallest age and seasonal variations. After
stratifying the fracture incidence according to age group,
distal radius fractures in the 5-9 year age group showed
the highest seasonal variation, and tibial shaft fractures in
the 0-4 year age group showed the lowest seasonal varia-
tion in 2009.

Before discussing the study results, some limitations
need to be addressed. First, the age groups were based on
administrative factors rather than clinical considerations.
If the age groups had been made on a clinical basis, the
study results could have had more useful implications in
terms of the treatment choice (conservative or surgical)
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Table 1. Seasonal Variation of Fach Fracture. Conventional 5 Statistics

Diagnosis (ICD-10) Age (yr) Spring Summer Autumn Winter x p-value

Clavicle fracture (S42.0) Total 6,790 8,066 7,681 6,141 160.2 <0.001
04 2,207 2,761 2,742 2,178 63.5 <0.001

59 1,504 1,813 1,727 1,149 90.3 <0.001

10-14 1,955 2,141 2,017 1,687 29.1 <0.001

15-18 1,124 1,351 1,195 1,127 13.7 0.003

Distal humerus fracture (S42.4) Total 7,835 11,598 10,114 6,485 882.1 <0.001
0-4 2,316 3,301 2,974 2,035 1933 <0.001

5-9 3,766 6,230 5,133 2,803 7785 <0.001

10-14 1,449 1,721 1,656 1,308 358 <0.001

15-18 304 346 351 339 21 0.556

Both forearm bone fracture (S52.4) Total 1,736 2427 2,264 1,599 121.0 <0.001
0-4 211 328 277 163 31.7 <0.001

5-9 542 891 891 376 159.2 <0.001

10-14 798 9% 908 809 14.3 0.002

15-18 185 214 188 251 6.5 0.090

Distal radius fracture (S52.5) Total 21,589 24,805 22,710 14,368 1,628.5 <0.001
0-4 882 1,39 1,196 617 181.9 <0.001

59 5,857 8,043 6,556 2,846 14215 <0.001

10-14 12,487 12,861 12,677 8,763 541.1 <0.001

15-18 2,363 2,505 2,281 2142 149 0.002

Femoral shaft fracture (S72.3) Total 593 705 603 719 10.0 0.018
0-4 94 119 136 110 40 0.257

59 142 189 134 174 6.4 0.095

10-14 144 165 123 169 46 0.200

15-18 213 232 210 266 42 0.242

Tibial shaft fracture (S82.2) Total 2,590 2513 2,179 2,680 298 <0.001
0-4 673 753 749 722 29 0414

59 859 748 616 779 211 <0.001

10-14 73 633 479 754 36.5 <0.001

15-18 345 379 335 425 6.5 0.089

Seasonal variation was calculated by dividing the highest incidence by the lowest incidence.
ICD: International Classification of Diseases.

and prognosis. Second, the data of this study was retrieved  evaluated. Subject based data is expected to provide more
on a diagnosis basis and not on a subject basis. Therefore,  valuable clinical information in a future study.
concurrent injuries or other causative factors could not be The variation in the fracture incidence accord-
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ing to age groups is an important issue. This has clinical
significance in that the fracture incidence can be affected
by developmental factors. The considerable variations
in fracture incidence in this study, particularly for distal
humerus fractures and distal radius fractures, suggest that
the development of anatomical structures or certain types
of activity and behavior can be causative factors in terms
of the fracture mechanism, fracture sites and fracture pat-
tern.

Many studies have examined the seasonal variation
of specific fractures.**'” Previous studies have suggested
different causes for the seasonal variations in fracture inci-
dence, and these include change in outdoor activity due to
weather, change in vitamin D metabolism due to a change
in the length of daytime, increase in the slippery load in
winter, visual acuity changes in winter due to early sunset,
etc.”"?* For the six pediatric and adolescent orthopae-
dic fractures examined in this study, the highest incidence
was observed in summer except for femoral shaft fractures
and tibial shaft fractures. Femoral shaft and tibial shaft
fractures showed the highest incidence in winter but lower
seasonal variation. Therefore, the higher incidence of the
four upper extremity fractures in children and adolescents
in summer can probably be explained by children and ad-
olescents engaging in outdoor sports activity more often,
and sustaining low-energy traumatic injuries that cause
the fractures. On the other hand, the higher incidence of
the two lower extremity fractures in winter can partly be
explained by seasonal factors, such as the higher slippery
load, decreased visual acuity and decreased vitamin D
metabolism in winter. A considerable portion of femoral
shaft fractures and tibial shaft fractures are believed to be
caused by high-energy trauma, such as traffic accidents,
which are less affected by seasonal factors, but this issue

requires further investigation.

A previous study reported a comprehensive survey
of the fracture incidence of children in the 0 to 15 years
age group.”” Although the age of the study population
was slightly different from that of the present study, the
incidence of both forearm bone fractures, distal radius
fractures and femoral shaft fractures shown in that study
was comparable to that obtained in the present study. On
the other hand, the incidence of clavicle fractures, distal
humerus fractures, and tibial shaft fractures in the present
study was much higher than that of the previous study,
showing a 2.7 to 3.9 fold increase in incidence. It is be-
lieved that ethnic or cultural factors can also play a role in
fracture incidence, which is a factor researchers and clini-
cians should consider.

In conclusion, the four upper extremity fractures
tended to show greater variations than the two lower
extremity fractures in children and adolescents in a na-
tionwide database of South Korea. The study results are
believed to be helpful in the planning and assigning of
medical resources for fracture management in children
and adolescents.
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