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e School of Medicine, Universidad de la Sabana, Km. 7, Autopista Norte de Bogotá. Chía, Colombia 
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A B S T R A C T   

Introduction: Fractures in children and adolescents are a public health issue. However, reliable epidemiological descriptions of the South American population must be 
improved. This study aims to present epidemiological data on fractures from a children’s orthopedic hospital in one of the five largest cities in Latin America. 
Patients and methods: Descriptive epidemiological data from 2015 to 2019 were used to characterize children’s fractures. Demographic variables, the number of 
fractured bones, high-energy trauma findings, fracture characteristics, fingertip injuries, and associated complications discriminated by the type of treatment are 
presented. Long bone fractures were classified according to the AO classification. All children less than 18 years of age were included. 
Results: In a population of 3,616 children, 4,596 fractures were identified. More boys than girls sustain a fractured bone, with ratios as high as 6:1 around 15 years 
old. Distal forearm fractures were the most common (31.9%), followed by distal humerus (20.2%). Most of the complications were related to these two sites of 
fractures. The OR of complications between surgical and conservative management was 2.86. 
Conclusion: Epidemiological data of fractures from the authors’ institution display the usual trending reported in most populations. Gender-related and age-related 
differences were relevant. Most fractures and complications are related to upper limb low-energy trauma. The most frequent are loss of ROM and loss of reduction. 
Level of evidence: Level III – retrospective cohort study.   

Introduction 

Fractures in children are a public health issue [1]. Following general 
pediatric surgery, fractures are the second most common cause of 
inpatient surgery in the pediatric population in the U.S. [2] Incidence 
rates are variable, numbers as low as 12/1000 in Greece and Norway to 
high incidences of 36.1/1000 person-year in Wales have been published 
[3–5]. Trends over time are also variable. While the age-adjusted 

incidence rate decreased by 9.6% from 1990 to 2019, incident cases 
increased by 33.4% worldwide, throughout all age groups, as a result of 
population growth [1]. 

Demographic characteristics, as well as the affected skeletal site, 
define the incidence of fractures. Differences related to age and gender 
are well established: while fractures are more common in boys, girls 
usually sustain fractures at younger ages [6]. Data from the single 
emergency department in Malmö-Sweden, from 2005 to 2006, inform an 
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incidence rate of 12.8/1000 and 23.6/1000 person-year for girls and 
boys, respectively. Parallel rates until the age of 10 are reported for girls 
and boys, thereafter, rates increase to peak at 12 and 14 years, respec-
tively [7]. While in Sweden distal forearm is the most commonly 
affected site representing 26% of all fractures, in China distal humerus 
account for 28% [7,8]. Regardless, upper limb fractures account for 65% 
of all fractures in children [5]. Lower limb fractures represent 20% of all 
fractures in children with relevant rates of associated morbidity and 
mortality [7,9]. The femur and the tibia represent about 80% of the 
affected sites [10]. 

In the pediatric population, characterizing fractures beyond the 
affected bone is confusing due to the different classifications that au-
thors use in publications, along with the scarce implementation of the 
pediatric AO classification system, which is more popular in the litera-
ture that refers to fractures in the adult population. Consequently, 
comparisons between publications are problematic [11]. 

Scarce data regarding the epidemiological profile of fractures in 

Latin American children are available in the medical literature [1]. The 
most complete data, that may be similar to our population, is the work of 
Clark et al. that describes the behavior of fractures in Mexican children 
and adolescents, however, data are presented in accordance to the 
ICD-10, which lacks a detailed description of fracture patterns [12]. 
Reliable data from South American population is lacking. This study 
aims to present epidemiological data on fractures from a single chil-
dren’s orthopedic center that attends kids in a large city in Colombia, 
South America. 

Methods 

Data available in the authors’ institution from 2015 to 2019 were 
used to characterize children’s fractures descriptive epidemiology. The 
subject’s data were included given age less than 18 years, one or more 
fractures of the extremities, institutional images and complete medical 
records obtained during attention. Pathological fractures, skull, facial 
bone and rib fractures, periprosthetic or peri‑implant fractures, and 
fractures after osteosynthesis removal were not considered for the 
analysis. Data from 2020 to 2021 were not included as it corresponds to 
the social emergency due to COVID-19 in our country, the authors deem 
this period as non-representative of epidemiological trends. 

Demographic variables, number of fractured bones, findings related 

Table 1 
Patient characteristics and the distribution of fractures.  

Characteristics N = 3616 

Age in years – mean (SD) [range] 8.9 (4.1) [0 – 18] 
Female/Male – frequency (%) 1129 (31.2) / 2487 (68.8) 
Polytrauma Yes/No – frequency (%) 62 (1.7) / 3554 (98.3) 
Fractured bones – mean (SD) [range] 1.3 (0.5) [1 – 4]  

Fractured bone – frequency (%) N = 4596 

1 Humerus 1013 (22) 
15 Clavicle 78 (1.7) 
2R Radius 1669 (36.3) 
2 U Ulna 838 (18.2) 
3 Femur 181 (2.9) 
34 Patella 4 (0.1) 
4 Tibia 324 (7) 
4F Fibula 120 (2.6) 
5 Spine 3 (0.1) 
6 Pelvis 8 (0.2) 
7.8 Hand phalanx 224 (4.9) 
71 – 76 Carpus 9 (0.2) 
77 Metacarpus 63 (1.4) 
81 – 85 Tarsus 4 (0.1) 
87 Metatarsus 27 (0.6) 
88 Foot phalanx 32 (0.7) 

The comprehensive pediatric AO classification was used to allocate fractured 
bones. Number of patients or fractured bone(N) with percentages in parenthesis. 

Fig. 1. Distribution of fractures by bone and segments. 
The comprehensive pediatric AO classification was used to allocate the fractured bone segment. Pelvis and spine were not included. 

Table 2 
Fractures related to high energy trauma.   

N = 4565 

Multiple fragments – frequency (%)  
No 4446 (97.4) 
Wedge or segment 18 (0.4) 
Comminution 101 (2.2) 
Open fracture – frequency (%)  
No 4415 (96.7) 
GA I 109 (2.4) 
GA II 26 (0.6) 
GA III A 9 (0.2) 
GA III B 4 (0.1) 
GA III C 2 (0) 

The degree of comminution and associated soft tissue injury were 
considered markers of high-energy trauma. Number of fractured bone(N) 
with percentages in parenthesis. Pelvic and spine fractures were not 
included. GA=Gustilo Anderson. 
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to high energy trauma, namely comminution and open fractures, char-
acteristics of the fracture, and fingertip injuries were collected. Long 
bone fractures were classified according to the AO classification [13]. 
REDCap was used for registering while R and R Studio were used for 
analyzing data. The Institutional Review Board approved the study 
under the number 2,021,020,906–002. As data were anonymized, con-
sent nor ascent, were required. 

Results 

In a population of 3616 children, 4596 fractures were identified 
throughout the period. Most (4144 – 90.2%) were of long bones. Pop-
ulation characteristics and the distribution of the fractured bone are 
presented in Table 1. Each bone’s absolute fracture frequency, as well as 
bone segment proportion of fractures are depicted in Fig. 1. Distal 
forearm fractures peaked differently for girls and boys: at age 10, girls 
reached the highest prevalence while boys had a high frequency of 
forearm fractures from 12 to 15. High energy related characteristics are 
presented in Table 2. Long bone fractures, sorted according to the AO 

Pediatric Comprehensive Classification system are presented in Figs. 2- 
5. 

Complications are presented in Tables 3 and 4. About three fourths of 
neurologic complications were ulnar and radial nerves lesions associ-
ated with fractures of the distal humerus and radius. The majority of the 
peripheral nerve lesions were recognized during the initial clinical 
assessment, thus considered unrelated to surgical treatment. However, 
96% of fractures associated with nerve lesions received surgical 
treatment. 

Rigid elbow was a frequent complication after surgical treatment of 
distal humeral fractures, the 50% of patients with loss of movement. In 
our population, loss of ROM was less than 10◦, except in children who 
sought attention three weeks past the fracture, those with prolonged 
immobilization (>6 weeks), and fractures of the humeral condyle that 
required open reduction. Loss of ROM was also associated with fractures 
of the distal radius (25%), phalanges of the hand (9%), and tibia (8%). 

Vascular complications comprised the radial artery and digital ar-
teries associated with fractures of the radius, metacarpal long bones and 
hand phalanges. Pressure ulcers due to immobilization were located in 

Fig. 2. Distribution of humeral fractures according to the AO Pediatric Comprehensive Classification system.  
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the distal humerus (38%), middle and distal radius (25%), and middle 
and distal tibia (25%). Infections were more frequent in the distal hu-
merus (39%) and middle and distal radius (27%). Half of the reduction 
losses were related to fractures of the radius, 17% of the tibia, 14% of the 
humerus, and 13% of the femoral shaft. Loosening of the osteosynthesis 
implant was more frequent in the distal radius (55%). Although non- 
union is rare, it was more frequent in the radius (36%) and the distal 
humerus (27%). The few instances of chronic pain were related to 
fractures of the distal tibia and foot phalanges. A single compartment 
syndrome was related to a GA II open and infected distal radius fracture, 
treated with percutaneous fixation, in a child who sustained a 3 m fall. 

The most frequent hand/foot injury was the phalanx fracture 
(68.6%). An associated soft tissue injury occurred in 69 subjects (28.5%) 
and just 7 children (2.9%) had a total or partial amputation of the finger. 

Discussion 

This research aims to present the distribution of fractures in children 
in an orthopedic center in a large Latin American city. The population of 
Bogota is about 7.9 million people, of which a quarter are under 19 years 
of age [14]. Unfortunately, accurate epidemiological data is challenging 
since medical attention is independent of the distribution of the popu-
lation in city districts. Further, as Colombia’s only institution focused on 
children’s orthopedics, some patients receiving attention in our insti-
tution proceed from different regions. Nevertheless, gender and 
age-related data, the distribution of the affected bone and other char-
acteristics related to the fractures, from 2015 to 2019, are presented. 

Gender-related differences are a common trend in the distribution of 
fractures in the population: more boys than girls receive attention for a 
fractured bone. Customarily, global epidemiologic data of fractures is 
depicted in terms of gender due to different risk factors between males 
and females [1]. Overall, a 2:1 proportion, among all ages, was found in 
our data. Data from two Latin American countries report the same 
gender-related difference [12,15]. An Italian survey and a Sweden single 
hospital retrospective data, reports the same boy-to-girl proportion; the 
former relates this difference to behaviors and lifestyle factors [16,17]. 
Despite the merely descriptive nature of this study, without any attempts 
to establish relationships to risk factors, the authors believe that there is 
not any reason to support different determinants of fractures among 
Latin American children. 

An age-related trend is also evident in our population: a steady in-
crease in the occurrence of fractures, that peaks around 10 to 15 years 
for both genders, is apparent in our data. Once more, gender differences 
are noted. For girls, fractures tend to be stable between 7 and 12 with a 

peak at 10, while for boys, high rates are reported from 12 to 15, which 
suddenly drops to about a third at age 17. The boy-to-girl proportion at 
ages 14 and 15, which corresponds to the highest incidence of fractures 
in boys, is close to 6:1. Clark et al. divide their data into 0 to 9 and 10 to 
19 years as behaviors differ between these two groups [12]. 

Distal fractures of the forearm, followed by distal humeral fractures 
are our population’s most common sites. This finding corresponds with 
most epidemiological data reported elsewhere [18]. In our series, the 
radius is the bone that sustains most fractures. For girls, it peaks at ten 
and for boys at 12 and 13 years, as in Clark et al. publication [12]. 
Therefore, a relative weakness of distal radius during the last growing 
period is hypothesized. 

In our population, fractures of the tibia are more common than 
fractures of the phalanxes of the hand. Age distribution is similar to 
distal fractures of the radius and the fracture frequency is proportional 
in the proximal and medial thirds of the bone. Contrarily, femur frac-
tures have a bimodal presentation: in toddlers a gender difference is not 
identified while in adolescents, a male preference is evident. Authors 
suspect non-accidental trauma for the former with non-differential dis-
tribution between genders [19]. The latter is usually related to lifestyle 
activities [17]. 

Fingers fractures came in fourth place, of which the most frequent 
are closed phalanx fractures, followed by fingertips lesions. Most were 
closed factures (68.6%) and a minimal percentage required amputation 
(2.9%). Unlike others, the incidence in our population is relatively low 
for toddlers and preschoolers who usually sustain crushed injuries of the 
fingertips [17]. 

Most fractures are generally related to low-energy trauma as illus-
trated by the high prevalence of simple traces and absence of commi-
nution (>97%). Even more, merely 1.7% of the fractures were related to 
polytrauma, and from our numbers on open fractures, most (77%) were 
GA I. Being a trauma referral hospital, the distribution of fractures is 
biased. Many of the attended children are referred from primary care for 
surgical stabilization. Transverse and oblique traces along the diaphysis 
of long bones, complete metaphyseal fractures and type 2 Salter Harris 
fractures are more prevalent in our population than, for instance, 
greenstick fractures which are very common among children. 

Despite bone remodeling capability, coupled with a global trend 
toward conservative management of fractures in children, surgical 
treatment was somewhat more frequent than conservative in our pop-
ulation (54 vs. 46%) [20]. Authors justify this behavior in two singu-
larities of the population: complexity of the fractures and the proportion 
of teenagers with limited remaining growth and tolerance to residual 
deformity. 

Fig. 3. Distribution of forearm fractures according to the AO Pediatric Comprehensive Classification system. 
2R and 2 U and the fracture of both bones are included. 
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Fig. 4. Distribution of femoral fractures according to the AO Pediatric Comprehensive Classification system.  
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Similar to other publications, vascular lesions were very infrequent. 
Most (86%) were related to upper extremity fractures, a higher rate than 
the reported by Kirkilas et al. [21]. However, vascular lesions were not 
related to supracondylar fractures despite publications that report a 
frequency of 12 to 20% of associated vascular lesions in these fractures 
[22]. 

Functional ROM of the elbow in children ranges from 30 to 130◦. 
Similarly, functional pronation-supination includes 50◦ each [23]. In 
our population, loss of ROM was evident comparatively, without 
hampering functionality in most children. Loss of ROM is expected in 8% 
of children with a supracondylar humerus fracture treated with closed 
reduction and percutaneous fixation; similarly, when the humeral 
condyle is affected, loss of elbow’s flexion and extension may be antic-
ipated [24]. Concerning loss of reduction in distal radius fractures 
treated conservatively, the remodeling capability of the distal physis 
should be noted: angulations up to 15◦ may be remodeled even in ad-
olescents [25]. On view of these, the most frequent complications, 
namely neurologic, loss of ROM, and loss of reduction, typically resolve 
spontaneously without hindering functionality. 

Limitations must be mentioned. Our population is not representative 
of the Colombian population. As a specialized institution, inveterate, 
displaced and complex fractures, with peripheral nerve lesions, are 
overrepresented. Also, loss to follow up is common; this may over-
estimate loss of ROM, which may resolve over time. Finally, functional 
assessment was not systematically used to establish the effect of the 
fracture on functional ability. 

Conclusions 

Fractures in the pediatric population are a frequent pathology. The 

Fig. 5. Distribution of leg fractures according to the AO Pediatric Comprehensive Classification system. 
4T and 4F and the fracture of both bones are included. 

Table 3 
Reported complications.  

Complications – frequency (%) N = 3616 

No 3132 (86.6) 
Neurologic 50 (1.4) 
Vascular 7 (0.2) 
Pressure ulcers 16 (0.4) 
Infection 33 (0.9) 
Loss of reduction 78 (2.2) 
Loss of ROM 230 (6.4) 
Non-union 11 (0.3) 
Chronic pain 

Compartment syndrome 
2 (0) 
1 (0) 

Other 56 (1.5) 

Other complications include refracture, depression, falls, joint 
instability, osteoarthritis, avascular necrosis, and longitudinal 
discrepancy. 
Number of patients (N) with percentages in parenthesis. 
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location of the fracture and the risk of presenting it is related to the age 
and sex of the child. Low-energy fractures of the distal segments in the 
upper extremities, are definitively more common. Also, given its prev-
alence, complications are related to distal fractures. The most frequent 
are the loss of ROM of the elbow in surgically treated distal humerus 
fractures, and loss of reduction in the distal radius treated 
conservatively. 
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