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Abstract

Objectives: Obesity in children is associated with an increased risk for fracture. The causes remain unclear and
may be related to increased bone weakness during periods of intense growth or increased kinetics (when falling).

The hypothesis was that obese children sustain more severe fractures compared to non-obese children, and
needed more treatment under general anesthesia (GA).

Methods: It was a prospective study in which date were collected during 6 months on obese and non-obese
children presenting to the emergency room with an Upper extremity Long Bones Fractures (ULBF). The children’s
activity prior to trauma was assessed with a questionnaire. The mechanism of injury, the characteristics of the
fracture defined using a validated pediatric classification and the treatment modalities were compared.

Results: The calculated prevalence of obesity in children with ULBF was 28%. 46 obese children aged 2 to 13
years and 119 non-obese children aged 2 to 16 years were included in the study. The risk for sustaining both bones
forearm fractures was twice higher in obese children when compared to non-obese children (p=0.012). Obese
children required a higher number of manipulations under GA (p=0.092).

Conclusions: The prevalence of obesity in children with ULBF was higher than in the general pediatric
population. There was no statistical difference between both groups in the reported level of activity, in the kinetics
and in the treatment modalities. Obese children had a significantly higher risk for a combined radius-ulna fracture.

Further research is needed to evaluate the relationship between obesity, bone growth and trauma.
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Introduction

The causes for obese children to have a higher risk for fracture are a
matter of debate. With the significant increase in the prevalence of
obesity among children came specific issues such as early diabetes and
hypertension. Trauma issues in obese children have become a matter
of interest in the last 5 years. Obese children may be clumsier,
overactive during shorter periods of time or more prone to fall. None
of these possible causes of injures have been yet formally identified as
risk factors specific to obese children.

Several studies have shown an increased risk for obese children to
sustain a fracture when compared to non-obese children [1-4]. This
risk is not only related to the activity of the child (play, fall, traffic
accidents, etc...), but is also related to bone biomechanical properties
and injury kinetics. Transient bone weakness (relative osteopenia)
during the development of the child was linked to the increased risk
for fracture [5]. Both hormonal changes and child’s diet influence
bone accrual and therefore affect bone biomechanical properties [6].
In obese children, it remains unclear whether the higher risk for
fracture is related to decreased bone accrual or to significant injury
kinetics. It was shown that higher BMI increases the kinetics when

there is impact of an arm on the floor [1]. It was suggested that obesity
induces poor balance with some transient developmental coordination
disorder, which could increase the risk for fracture [7]. On the other
hand, some studies suggested that obesity in children could have a
protective effect, such as an increased bone mineral density [8,9] or the
hypothetical “cushioning effect” of fat when falling, for which no
evidence has been established yet.

The hypothesis was that obese children with similar kinetics of
injury sustain significantly more severe fractures than non-obese. This
would mean that similar fractures would occur at lower kinetics if the
children were obese.

Assessing the activity prior to trauma, the fracture’s characteristics,
as well as its treatment modalities would help us to better understand
the relationship between fractures and obesity in children.

Materials and Methods

The study was performed in a university pediatric medical center
over a period of 6 months. With the approval of the local ethics
committee, each child between 2 and 16 years of age presenting to the
emergencies for an upper extremity long bones fracture (ULBF) was
approached for inclusion into the study. The data recorded included
age, gender, height and weight, any history of previous fractures, grade
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of activity level, the kinetics of injury, the type of fracture and
treatment modalities. Nurses measured anthropometric parameters in
the emergency department at the time of injury or in the outpatient
clinic at the first follow up (one week to 10 days after trauma). The
Body Mass Index (BMI) was calculated and the children were classified
between obese (BMI>=95 percentile) and non-obese (BMI<95) using
validated Swiss BMI percentiles for girls and boys aged 2 to 20 years
[10] and were compared for each data recorded. The child was treated
according to local standards of care and these treatment modalities
were also recorded.

Bone Segment Morphology | Severity Displacement

for epiphysis

Proximal/ 1t09 1t02
epiphysis  or
metaphysis =

1E or 1M

Humerus= 1
Radius = 2r
Ulna=2u

Type 1to 4

Shaft/
Diaphysis =
2D

Distal/
epiphysis  or
metaphysis =
3E or 3M

Table 1: AO Pediatric Comprehensive Classification of long bone
fractures (PCCF) [11].

Fracture classification was performed by review of the radiographs
and radiological reports using the validated Pediatric Comprehensive
Classification of long bone fractures (PCCF) of the
“Arbeitsgemeinschaft fiir Osteosynthesefragen” (AO) (Table 1) [11].
For example a complete supracondylar fracture was codified as follows
13M/3.1. This classification allows detailed and reliable description of
the fracture pattern and severity. A specifically designed database (AO
COIAC®) was used to classify and list the fractures, as well as to record
the mechanism of injury, treatment modalities, potential
complications and outcome. A senior pediatric trauma surgeon
reviewed all cases and doubtful classifications were further discussed
and confirmed.

During the study period, a regular systematic review of the
emergency data was performed to identify further cases of ULBF,
which was not identified at the time of trauma. These children were
approached for inclusion into the study by mail or at follow-up
appointments.

The mechanism of injury was graded by assigning one of 3 different
types of trauma kinetics to each child, as defined by the authors. Direct
trauma was considered when an object hit the arm, traffic accident
excluded. Slow motion trauma was considered when the injury
happened while walking, running or falling from the child’s height.
High motion trauma was considered when the child were doing sport
(every sport on wheels, ice-skating, etc...) or falling from more than 50
centimeters.

In order to assess the child’s opportunities for fracture and exposure
to trauma, the average daily activities during the week prior to trauma
were graded wusing a validated pediatric Physical Activity
Questionnaire (PAQ) aiming at children aged 4 to 16 years (PAQ-A
and C) [12]. The PAQ defines 9 periods of activities performed
throughout the day during the week. Each of these 9 items is graded 1
to 5. The sum divided by the number of items gives a final grade

between 1 (low physical activity) and 5 (high physical activity) [12].
The questionnaire was given or sent to each participating child with a
return envelope as well as an explanatory letter.

Treatment modalities were classified by immobilization, external
manipulation with immobilization or surgical treatment defined as
any pinning, nailing or plating.

Children with cerebral palsy or bone diseases (such as bone cyst,
osteogenesis imperfecta, etc...), as well as non-ambulatory children,
were excluded from the study. Furthermore, re-fractures defined as
occurring within 1 year of a previous fracture were also excluded. A
review of our hospital medical and radiological records was performed
to identify those cases.

For the statistical analysis, the Chi-Square test was applied using
JMP 9.0.1. Statistical significance was considered when p<0.05. A test
for trend was performed for graduated variables such as injury kinetics
and treatment modalities.

Results

Subjects

During the study period, 617 children were treated in the institution
for one or more fractures, of which 232 were more than 2 years old
and had a long bone fracture localized in the upper extremity. 2
patients declined the inclusion into the study. Exclusion criteria were
met in 7 children, including 5 re-fractures and 2 chronic illnesses (1
child with generalized hypotonia of his lower extremities and 1 child
with hypopituitarism). At the time of injury, the height measurement
was missing in 58 patients, for which medical records review and
analysis of weight with percentiles revealed overweight and suggested
obesity in 4 (6.9%).

The remaining 165 children were used as the basis of the study and
divided in 46 obese and 119 non-obese children. The prevalence of
obesity in this study group was 28%.

The distribution by gender was the same in both groups (obese 40%
female and 60% male versus non-obese 43% female and 57% male),
similarly to what is found in the literature [13-15].

Level of activity

The PAQ activity questionnaire was given at the end of the
emergency visit or during the first follow-up appointment. Due to a
lack of consistency from our medical team in giving the questionnaire,
only 104 of the 165 injured children received it. The overall response
rate was 59.6%, with 62 questionnaires completed and returned. The
response rate was higher in the obese group (67%, n=24) when
compared to the non-obese group (56%, n=38). The mean calculated
grade of activity level in the week prior to trauma was slightly higher
for obese (2.64) than for non-obese (2.55) children. This was
considered as a moderate level of activity in both groups (Table 2).

Kinetics of injury

Based on the history and mechanism of trauma, each child was
assigned one of the three possible kinetics of injury. As showed in table
2, obese children sustained more high motion trauma (57%), when
compared to non-obese (45%), although this did not reach statistical
significance (OR=1.56, CI 95% 0.79-3.10, p=0.20). No statistically
significant difference was found between both groups, even when
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analysis was adjusted for fracture location or number of fractured
bones (Table 3).

Obese Non-Obese P-Value
n=46 n=119
Age mean (range) 9.28 (2to 13y.) 9.31 (2 to 16y.) 0.94
BMI mean (range) 21.95 (17 to 29.8) 16.89 (13 t0 21.2) <0.001*
PAQ GRADE mean (range) 2.64 (2.11t0 4) 2.55 (1.6 t0 4.3) 0.75
Kinetics of Trauma
Direct (%) 3 (6%) 15 (13%) 0.26
Slow motion (%) 17 (37%) 50 (42%) 0.55
High motion (%) 26 (57%) 54 (45%) 0.2
Fractures
Humerus (%) 7 (15%) 24 (20%) 0.47
Humerus and radius (%) 1(2%) -
Radius (%) 17 (37%) 61 (51%) 0.1
Ulna (%) 1(2%) 6 (5%) 0.41
Radius and ulna (%) 20 (44%) 28 (24%) 0.01*
Treatments
Immobilization (%) 32 (70%) 97 (82%) 0.1
Manipulation under general anesthesia (%) 11 (24%) 16 (13%) 0.1
Surgical pins (%) 3 (6%) 6 (5%) 0.71
Previous history of fracture (%) 11 (24%) 28 (24%) 0.95

Table 2: Distribution of obese and non-obese children with regards to age, BMI, PAQ (Pediatric Physical Activity Questionnaire) grade, kinetics
of injury, fracture location, treatment modalities and previous history of fracture. Results are given in ranges, percentages and p value (* when

statistically significant).

Fracture’s characteristics

As described in table 2, arm and forearm fractures were similarly
distributed in the obese and non-obese groups (17% and 83% versus
20% and 80%, respectively). The distribution of fracture types is
summarized in Fig. 1. In both groups, the most frequent forearm
fractures were complete and distal buckle metaphyseal (17% and 39%
versus 14% and 47%, respectively). Distal forearm epiphyseal fractures
were slightly more frequent in obese children (15% versus 8% in non-
obese children). This did not reach statistical significance.

When analyzing our data on both bones forearm fractures, we
noted that obese children were twice more at risk, when compared to
non-obese children (RR=1.97, CI 95% 1.16 to 3.34, p=0.012) (Table 2).

Treatment modalities

The most common treatment modality was immobilization in both
groups (70 % obese and 82% non-obese). Although not statistically

significant, obese children required a higher number of manipulations
under general anesthesia (GA) (24% versus 13% for non-obese
children. RR 1.27, CI 95% 0.94-1.76, p=0.092). There was no
significant difference in the need for surgical treatment in both groups
(6% obese and 5% non-obese) (Table 2).

As summarized in Table 3, for distal humerus metaphysis fractures
(classification code 13-M/3.1), obese children had an OR of 4.5 for
Manipulation under GA or Surgical treatment, when compared to
non-obese children (OR 4.5, CI195% 0.31-65.3, p=0.25).

Previous bone injury

A history of previous fracture to another bone or a history of a
fracture more than one year old to the same bone was recorded in 24%
of the children in both groups (Table 2).
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Obese n=46 Non-Obese n=119 ‘ OR ‘ 95% CI P-Value
Kinetics
Slow motion with ulna or radius fracture (%) 7 (39%) 31 (46%) 0.74 0.3-2.1 0.58
High motion with both ulna and radius fracture (%) | 13 (65%) 13 (46%) 2.14 0.7-7 0.2
Slow motion with treatment under GA (%) 6 (35%) 11 (22%) 1.93 0.6-6.4 0.28
High motion with treatment under GA (%) 8 (31%) 11 (20%) 1.74 0.6-5 0.31
High motion with a fracture of humerus| 2 (33%) 7 (70%) 0.21 0.02-1.9 0.15
metaphysis distal 13-M/3.1 I-IV (%)
High motion with a fracture of radius and/or ulna| 2 (50%) - - - 0.1
diaphysis 12-D (%)
High motion with a fracture of radius and/or ulna| 5 (63%) 7 (44%) 2.14 0.4-12.2 0.39
metaphysis distal 23-M/3.1 (%)
High motion with a fracture of radius and/or ulna| 2 (50%) 5 (50%) 1 0.09-10.2 1
epiphysis distal 23-E (%)
Fractures types
Arm
Humerus proximal 11-M and 11-E (%) 1(2%) 8 (7%) 0.31 0.03-2.5 0.25
Humerus diaphysis 12-D (%) 1(2%) - - - 0.11
Humerus metaphysis distal 13-M/3.1 I-IV (%) 6 (13%) 10 (8%) 1.64 0.5-4.8 0.37
Humerus epiphysis distal 13-E (%) - 3 (2%) - - 0.28
Forearm
Radius and ulna proximal 21-M and 21-E (%) 1(2%) 6 (5%) 0.42 0.05-3.6 0.41
Radius and ulna diaphysis 22-D (%) 4 (9%) 6 (5%) 1.79 0.5-6.7 0.38
Radius and ulna metaphysis distal 23-M/2.1 (%) 18 (39%) 56 (47%) 0.72 0.4-1.4 0.36
Radius and ulna metaphysis distal 23-M/3.1 (%) 8 (17%) 17 (14%) 1.26 0.5-3.2 0.62
Radius and ulna epiphysis distal 23-E (%) 7 (15%) 10 (8%) 1.96 0.7-5.5 0.2
Treatment modalities
Under GA with a fracture of humerus metaphysis | 2 (33%) 1 (10%) 4.5 0.3-65 0.25
distal 13-M/3.1 I-IV (%)
Under GA with a fracture of radius and/or ulna| 3 (75%) 3 (50%) 3 0.2-48 0.43
diaphysis 12-D (%)
Under GA with a fracture of radius and/or ulna| 6 (75%) 7 (41%) 4.28 0.7-28 0.11
metaphysis distal 23-M/3.1 (%)
Under GA with a fracture of radius and/or ulna| 2 (29%) 5 (56%) 0.32 0.04-2.6 0.28
epiphysis distal 23-E (%)
Under GA with single bone of forearm (%) 3(17%) 10 (15%) 1.14 0.3-4.7 0.85
Under GA with both bones of forearm (%) 9 (45%) 8 (29%) 2.05 0.6-6.8 0.24

GA= General Anesthesia

Table 3: Different types of fracture in both groups analyzed according to their kinetics and to their treatment modalities.
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Figure 1: Distribution of fracture types in both groups according to
AO classification.

For distal metaphyseal forearm fractures (classification code 23-M/
3.1), obese children had an OR of 4.3 for Manipulation under GA or
Surgical treatment when compared to non-obese children (OR 4.3,
CI95% 0.7-28, p=0.11).

Discussion

Our study assessed ULBF treated in a single pediatric emergency
department, which works as a primary care as well as a referral center.
Three recent epidemiological studies in the Swiss pediatric population
revealed a prevalence of obesity of around 7% [16,17].

We concluded that the high prevalence of obesity in this study
(28%) was not due to selection bias but a true representation of the
Swiss pediatric population, supporting other published data revealing
a higher risk for obese children to suffer from fractures [9]. Some
studies suggested that poorer equilibrium, impaired mobility and
greater force at low fall heights could contribute to this increased risk
[1,18].

Even when the 58 children with missing BMI were included in the
study group, the estimated prevalence of obesity was 19,8%. This was
still way above the 7% prevalence of pediatric obesity in published
Swiss surveys [19].

To our knowledge, no study has evaluated yet the relationship
between activity level and the risk of fracture in obese children. Our
aim was to see if obese children were significantly more active in the
week prior to injury, therefore increasing their opportunities for

fracture and exposure to trauma. We noted that the mean activity
grade calculated with the PAQ was slightly higher in obese (2.64) than
in non-obese (2.55) children. The small difference in the level of
activity assessed by PAQ did not support the hypothesis that obese
children had more opportunities for injury or were more exposed to
trauma.

However in the literature, studies using accelerometers revealed
overall lower levels of activity in obese children [20], although none
has assessed specifically obese children with fractures.

Regarding the kinetics of injury, it was equally distributed in both
groups, for high motion trauma being the most commonly recorded

type.

Davidson et al have determined that obese children fall with much
greater force than non-obese children. In addition they are at a
relatively greater risk for fracture at low-fall heights [1]. Leonard et al
proposed that the observed bone mineral increase in overweight
children is not sufficient to overcome the significantly greater forces
generated when an obese child falls on an outstretched arm [21].
Hormonal changes, lower dietary intake of calcium and inhibition of
bone accrual secondary to a previous fracture have also been suggested
as risk factors for fracture in obese children [1,5,6,22].

Our results were not statistically significant and could not support
the hypothesis that obese children have more fractures with slow
motion kinetics of trauma, because of their higher BMI or increased
energy on impact.

There was not statistically significant difference in the history of
previous fracture between the two groups, which was in accordance
with a recent cross-sectional Canadian study of children aged 12 to 17
years [23].

The distribution of fractures in both groups of children was not
statistically significantly different, except for fractures of both bones of
the forearm. Obese children were nearly twice more at risk of having a
combined fracture of the radius and the ulna when compared to non-
obese children (RR1.97, CI 95% 1.16 to 3.34 p=0.012) (Table 2). The
clinical relevance of it remains to be evaluated as some both bones
forearm fractures tend to be more unstable, require more
manipulation under GA or require more pining.

The overall higher number of manipulations under GA in obese
children was noted to be more frequent with some types of fracture
(13M/3.1 and 23M/3.1), as well as with both bones forearm fractures
(Table 2 and 3). Although not statistically significant, this trend
supported the hypothesis that more severe fractures requiring more
invasive treatment are diagnosed in obese children, as it was the case
for the lower extremity [24,25].

Furthermore, general anesthesia for fracture manipulation in
children is frequently required on an emergency basis. Adding obesity
to emergency general anesthesia is adding risk factors such as
hypertension, asthma and post-anesthesia apnea. These risk factors are
well recognized by anesthesiologists.

Limitations

Although higher than initially expected, the total number of obese
children with upper extremity fractures remained small. This could
explain statistically non-significant results found during data analysis.
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The evaluation of the kinetics of injury was based on the history and
categorized accordingly. Children skiing, biking or skating when
getting hurt were considered as having sustained high motion trauma.
In reality, they may have been moving at very low speed when the
accident occurred and may have been misclassified. No precise
information on the height and speed of fall was collected. There could
be large variations of the energy on impact depending on the height
and speed of a fall. In order to better assess the cause of injury in obese
children, simple monitoring of the activity of the child is not enough.
Movement’s skills and physical fitness should be known and
objectively assessed. Similarly, the muscle mass and the level of fatigue
of the child at the time of injury should also be taken into account.
These parameters could not be assessed in this retrospective study.

Conclusion

The high prevalence of obesity in injured children was confirmed in
children with ULBF. This was much higher than the prevalence of
obesity in the general pediatric population.

Assessing the level of activity and injury kinetics as well as the
previous history of fracture, this study did not support one specific
theory related to the increased prevalence of injuries in obese children.
In order to better understand this relationship, several other factors
must be considered such as bone accrural and neuro-motor
coordination during growth. Reliable tools to analyze more precisely
the kinetics of trauma in obese children are necessary to address the
kinetics issue.

Obese children were nearly twice more at risk of having both bones
forearm fractures when compared to non-obese children. They were
more likely to require manipulation under GA.

Taking into account the burdens of pediatric obesity, further insight
into the characteristics of bone quality and fractures in obese children
is warranted.
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