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Abstract

Objective—To determine whether there are differences in fracture patterns and femur fracture 

treatment choices in obese vs. non-obese pediatric trauma patients.

Design—Prognostic study, retrospective chart review.

Setting—Two level I pediatric trauma centers.

Patients—The trauma registries of two pediatric hospitals were queried for patients with lower 

extremity long bone fractures resulting from blunt trauma. 2858 alerts were examined and 397 

patients had lower extremity fractures. 331 patients with a total of 394 femur or tibia fractures met 

inclusion criteria, and 70 patients (21%) were obese.

Main Outcome Measurements—Weight for age >95th percentile was defined as obese. 

Radiographs were reviewed and fractures were classified according the OTA/AO pediatric 

fracture classification system. Fracture patterns (OTA subsegment), severity, and choice of 

intervention for femur fractures were primary outcomes.

Results—Overall, obese patients were twice as likely (RR=2.20, 95% CI 1.25–3.89) to have 

fractures involving the physis. Physeal fracture risk was greater for femur fractures (RR=3.25, 

95% CI 1.35–7.78) than tibia fractures (RR=1.58, 95% CI 0.76–3.26). Severity did not differ 
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between groups. Obese patients with femur fractures were more likely to be treated with locked 

nails.

Conclusion—Obese pediatric trauma patients are more likely to sustain fractures involving the 

physis than non-obese patients. This could be related to intrinsic changes to the physis related to 

obesity, or altered biomechanical forces. This is consistent with the observed relationships 

between obesity and other conditions affecting the physis including Blount’s and slipped capital 

femoral epiphysis.
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Introduction

Obesity is epidemic in the United States, and children are not being left behind. The South 

has a particularly alarming rate of obesity in childhood and adolescence. Currently, the 

home states of the participating centers rank 46th and 47th in childhood obesity (the 4th and 

5th highest rates of obesity in the U.S.).1 Certainly, the most serious implications of the 

obesity epidemic are to the long-term health of the patients due to co-morbidities such as 

cardiovascular disease, sleep apnea, and diabetes.2 Obesity may also lead to musculoskeletal 

complications, such as slipped capital femoral epiphysis (SCFE) and tibia vara.3 

Furthermore, obese children may be at increased risk of fracture.4, 5 The causes for these 

differences are not clear, and may be multi-factorial.6–8 Despite investigation into whether 

obese children are at increased risk of fracture, few studies have examined whether the 

patterns of fracture differ between obese and non-obese children.8

In a previous study, we evaluated associated injury patterns, ISS and mortality in obese and 

non-obese trauma patients who sustained lower extremity long-bone fractures.9 In the 

present study, we further examined the relationships between lower extremity fracture and 

obesity in trauma patients, emphasizing fracture patterns and treatment. We hypothesized 

that patients with obesity would have altered fracture patterns, and receive differing 

treatments. A retrospective review of radiographs and charts was performed utilizing the 

trauma registries of two free standing level I pediatric trauma centers.

Patients and Methods

Patients

IRB approval with waiver of informed consent was obtained from both institutions. The 

trauma registries were queried from 2004 to 2010 for patients 2–14 years of age who had 

been admitted following high-energy trauma alerts (based on mechanistic or physiologic 

criteria) and had a diagnosis of lower extremity long bone fracture. A total of 2,858 trauma 

alerts were reviewed and 397 patients with femur and/or tibia fractures were identified. 

Typical mechanisms included motor vehicle crash, fall from height, and pedestrian struck by 

vehicle. Exclusion criteria were patients with mechanism penetrating trauma, isolated fibula 

fracture, traumatic amputation, pathologic fracture, and medical record did not provide 
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weight information and available radiographic images. There were 331 patients with femur 

or tibia fracture that met inclusion criteria.

Data Collection

Weight, height (when available), age, and fracture location and method of treatment were 

recorded. Information regarding associated head, chest abdomen and pelvic trauma and 

inpatient outcomes regarding intensive care unit (ICU) stay and mortality was recorded and 

has been reported in a separate publication.9 For this investigation, we performed 

radiographic review of the fractures and classified them according to the OTA/AO pediatric 

long bone fracture classification system.10–12 It should be noted that in this system, the sub-

segment designation “Epiphysis” includes all Salter-Harris physeal fracture types. 

Additionally a severity modifier is used to distinguish between simple fracture patterns (.1 

severity code) and more severe/unstable fracture patterns involving a wedge fragment or 

segmental comminution (.2 severity code). The fractures were classified by a medical 

student after training by a pediatric orthopaedist. A subset of 56 radiographs was classified 

by the senior author blinded to patient characteristics and to the student’s assessment and 

interobserver agreement was evaluated.

Statistical Analysis

Patients were classified as obese or non-obese based on weight for age (WFA) percentile.13 

The Centers for Disease Control defines children with a body mass index (BMI) ≥ 85th 

percentile as overweight and children with BMI greater than or equal to 95th percentile as 

obese.14 WFA ≥ 95th percentile was used rather than body mass index as has been done in 

other published studies due to inconsistent recording of height in the medical record.15–17 In 

addition, a secondary analysis used BMI ≥ 85th percentile to classify patients as overweight 

for those patients with height recorded. The study populations for the two institutions were 

compared and found not to be statistically different with respect to age, race, and WFA 

percentile. Given that some patients had multiple fractures, the unit of observation for this 

analysis was at the level of injury.

Patient level characteristics of obese and non-obese patient groups were compared using 

Chi-square tests or, when appropriate, Fisher’s exact tests for categorical variables and two-

sided Student t-tests for continuous variables. Fisher’s exact tests were used to examine 

significant differences in fracture location and long bone segment, i.e., proximal, distal, and 

diaphyseal, and for sub-segment (epiphysis and metaphysis) stratified by long bone segment. 

P-values less than or equal to 0.05 alpha were considered statistically significant.

Risk of epiphyseal fracture was calculated overall and restricted to proximal-distal segments 

for each long bone type and femur-tibia combined. To account for patients who had multiple 

fractures, i.e., clustering of events, crude and adjusted risk ratios (RRs) and their 

corresponding 95% confidence intervals (CIs) were calculated utilizing generalized 

estimating equations (GEE) assuming a Poisson distribution and a log link function.18 RRs 

were adjusted for patient age, height, and injury severity score (ISS). We also examined risk 

of epiphyseal fracture with respect to BMI. Because of a small number of patients who were 

obese using BMI ≥ 95th percentile, we evaluated overweight (BMI ≥85th percentile). Finally, 
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femur fracture treatments were compared between groups using Chi-square tests that 

accounted for clustering of events to test for statistical significance. Statistical analysis was 

performed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).

Results

Demographic and injury characteristics did not differ from those reported in the previous 

publication.9 Overall, 18.4% of patients (70/331) were classified as obese (i.e., WFA ≥ 

95%). Mean age was slightly older for obese children (9.9±3.7 years vs, 8.7 ±3.9, P=.02.). 

There were no differences in racial composition or gender. Of those with height data, 70 

patients (21%) were >90th percentile height for age. Height data was missing for 51 patients 

(15.4%). For those patients with recorded height, 121(43%) patients had BMI≥85th 

percentile (overweight) but only four (1%) had BMI≥95th percentile (obese). The rate of 

obesity observed with BMI was not felt to be an accurate representation of our patient 

population, and WFA9003E;95th percentile was used to define obesity for remaining 

analyses.

A total of 266 femur fractures had radiographs available for fracture classification. Of these, 

82.7 % of fractures were diaphyseal, 5.6% were proximal, and 11.7% were distal. A total of 

128 tibia fractures had radiographs available, of which 52% were diaphyseal, 10% were 

proximal, and 38% were distal. There were no statistically significant differences between 

groups with respect to distribution of fractures in the proximal, middle, and distal segments 

of the femur and tibia.

When segments were classified as epiphyseal or metaphyseal, obese patients were more 

likely to fracture the epiphysis compared to non-obese patients (femur: 91.7% vs. 44.1%, P 

= .004; tibia: 81.8% vs. 36%, P <=.007) (see case example Figure 1). Obese patients had a 

higher proportion of epiphyseal fractures at all locations, and the differences reached 

statistical significance for the proximal femur (Table 1, Figure 2). Comparison of attending 

and medical student classification for subsegment (metaphyseal, epiphyseal, diaphyseal) 

yielded a simple kappa value of 0.87 (near perfect agreement). Table 2 displays the 

distribution of distal femur and distal tibia physeal fractures in each group organized by 

Salter-Harris classification. There were only two proximal femur physeal fractures, one 

Salter Harris I fracture and one ligamentum teres avulsion, both in obese patients. There was 

one proximal tibia physeal fracture of the tibial eminence in both groups. Due to the limited 

number of fractures involving the epiphysis, no statistics were performed comparing fracture 

morphology between groups. Finally, comparison of fracture severity between obese and 

non-obese groups revealed no significant difference in the overall proportion of severe 

fractures (classified as severity code .2 by the OTA/AO pediatric long bone classification 

system10–12 (Simple kappa = 0.55, slight agreement)). There was a trend towards more 

severe tibia fractures in the obesity group, 50% vs. 29%, but it did not reach statistical 

significance (P =0.17) (Figure 3).

Risk ratios were calculated to estimate the increased risk of epiphyseal fracture in obesity 

(Table 3). Because of the statistically significant difference between the groups for age (1.2 

years) and ISS (4.7), risk ratios were adjusted for age and ISS. An adjustment for height 
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>90th percentile was also included, as this characteristic showed a trend towards being 

associated with physeal fracture. When all fractures of the tibia or femur were considered, 

obese patients were almost twice as likely to sustain an epiphyseal fracture as non-obese 

patients, even when statistical adjustment for age, height, and ISS was made (adjusted RR 

2.20, CI 1.25–3.89). If diaphyseal fractures are excluded (i.e. examining just those with the 

possibility of involving the physis) obese patients had an adjusted RR of 2.03 (95% CI 1.41–

2.94) (Table 3).

We previously reported that the obese patients in this cohort had a higher rate of operative 

fracture treatment, particularly for the femur.9 In the present study, we chose to further 

investigate treatment modalities chosen for femur fractures. A statistically significantly 

greater number of fractures among obese patients were treated with locked nails (26% vs. 

13%, p = 0.0140). Trends were observed regarding other treatment options, but did not reach 

statistical significance: a smaller proportion of obese patients were treated with casting or 

flexible intramedullary nails and a larger proportion were treated with external fixation 

(Supplemental Table 1).

Discussion

In the present study, we have demonstrated significant differences in fracture patterns and 

treatment between obese and non-obese trauma patients who present with femur or tibia 

fracture. Obese patients are more likely to sustain physeal fractures. When operative 

intervention for femur fractures was chosen, obese patients were more likely to undergo 

locked intramedullary nailing.

The strengths of the present study include a comparatively high volume of patients which 

allows for more robust statistical analysis, including appropriate statistical adjustments for 

age and height. More specifically, the high rate of obesity provides a larger number of obese 

patients than in previous studies. In addition, the multivariate analysis was carried out at the 

injury level and accounted for clustering of multiple events among patients.

The limitations include those common to retrospective chart reviews including lack of 

information regarding co-morbidities, and inconsistent or possibly inaccurate documentation 

of height and weight. The use of WFA instead of body mass index could overestimate 

obesity. For example a child who was very tall may have weight that is height appropriate, 

but high compared to age. This choice was made due to incomplete reporting of patient 

height. The use of WFA has been previously reported,15–17 and in the present study results 

in an obesity rate (18.4%) that is consistent with the reported population rates for the region. 

The region from which patients in the present study are drawn has a childhood obesity rate 

of 19.2%, compared with 16.4% nationwide.19

To further address this, a secondary analysis of patients with height information was 

performed. The use of BMI in this study population appeared to be less suitable with 15% of 

patients lacking height data (including 7 of 26 patients with femur physeal fractures), and 

only 1% of the patients found to be obese by BMI. Another study examining BMI using 

measurements from clinic showed an overall rate of obesity of 19% in our scoliosis 
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patients.20 This suggests that exclusion of patients without recorded height may skew our 

data and that use of solely BMI percentile criteria with the available data likely 

underestimates obesity. Nevertheless, we repeated the analysis of relative risk of physeal 

fracture in overweight children (BMI≥85th percentile) and found similar trends towards 

increased rate of physeal fracture that was significant for femur and tibia fractures combined 

(Adjusted RR=1.82, CI 1.02–3.26, supplemental Table 2). Future studies should include 

prospective measurement of height and weight. Additional information such as estimation of 

body composition and skeletal maturity assessment would also be of value.

Additionally, detailed injury data was not available to fully address mechanism of injury or 

directly evaluate the forces resulting in fracture. Finally, the radiographs were read by a 

medical student after training, raising a potential concern regarding correct classification. 

However, a subset of the radiographs was also classified by an experienced pediatric 

orthopaedic surgeon and interobrserver agreement was found to be equal or superior to 

reported agreement between pediatric orthopaedic surgeons11,12 for the comparatively 

simple step of assigning fractures to sub segments of diaphyseal, metaphyseal or epiphyseal, 

which forms the main thrust of this study.

The increased propensity for physeal fracture in obese patients has not been previously 

reported to our knowledge. It is not known whether the same would be true for low energy 

injuries, but the finding is congruous with the concept that obesity is linked with an 

increased susceptibility to physeal alteration such as Blount’s disease or SCFE.3, 21–23 The 

present study cannot address potential causes for the increased rate of physeal fracture in 

obesity, which is likely to be multi-factorial including physiologic and mechanical 

influences. With respect to physiology, adipose tissue is being increasingly recognized as 

metabolically active. Specifically with respect to Blounts, patients have been noted to have 

advanced skeletal age24 consistent with the finding that obese children in general have 

advanced skeletal age. Since the mechanical forces applied to the upper extremities which 

are used to evaluate skeletal age would be less affected by obesity, this suggests a metabolic 

effect on the physis, Fat may have endocrine effects on bone through obesity related 

pathways such as leptin and adiponectin.25–28 Vitamin D levels have also been shown to be 

diminished in obesity, and this could contribute to altered skeletal health.29 Obese children 

tend to have lower bone mass,30 and have higher rates of self-reported fractures.31 Also, 

girls with low-energy forearm fractures tend to be heavier and have decreased bone mineral 

density32 and decreased cross-sectional area of the radius33 compared to non-fractured 

controls.

Mechanical effects could also contribute to the alteration of fracture pattern in obese 

children. Obesity may place chronic excessive stress on the bones and cartilage as well as 

the supporting ligaments and tendons .34 Acutely, patients who were injured by sudden 

deceleration such as MVC or fall would experience increased force in proportion to mass 

(Force = Mass × Acceleration). Further, increased size may alter the relationship of the 

patient to the compartment and restraints in the case of MVC or other modes of 

transportation. Detailed information regarding mechanism of injury beyond general types 

was not available to further evaluate the forces sustained. Finally, in the companion paper to 

this manuscript examining inpatient mortality and associated injuries the obese patients were 
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noted to present with higher injury severity score,9 suggesting they are either more likely to 

sustain severe trauma or survive severe trauma until hospital presentation. It is difficult to 

conceptualize how these possible different physical effects would alter the propensity for 

physeal vs. metaphyseal fracture, however.

Obesity appears to influence surgeon choices for femur fracture fixation. The obese group 

had a lower proportion of femur fractures treated with casting and a higher proportion 

treated with external fixation or locked nail, although statistical significance was noted only 

for locked nails. This may be in part due to reports of increased risk of malunion and other 

complications following flexible nailing in obese patients,15 and due to increased difficulty 

of managing obese patients in spica casts.35, 36 Age is also an important consideration in 

femur fracture management, but the higher rate of operation in obese children persisted after 

statistical adjustment for the 1.2 year age difference.

In conclusion, the present study documents a previously unreported finding of increased rate 

of physeal fracture in obese pediatric trauma patients. This suggests a need for further study 

into the mechanisms by which skeletal and adipose tissue interact.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Case Example
Two patients who sustained distal femur fractures in motor vehicle collisions. The obese 

patient (left) sustained a SH II physeal fracture, while the non-obese patient (right) sustained 

a metaphyseal fracture.
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Figure 2. Fracture location
Pie charts show proportion of diaphyseal, metaphyseal and physeal fractures (tibia and 

femur combined) in the obese and non-obese weight groups.
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Figure 3. Fracture severity
Percent of fractures from indicated segment classified as ‘severe’ (Severity code .2). No 

statistically significant differences were seen between the obese and non-obese groups.
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Table 1

Comparison of fracture location by long bone segment (proximal, distal, diaphyseal) and sub-segment 

(epiphysis vs. metaphysis).

N (%) Obese
(WFA>95th)

Non-Obese P-value

Femur, N 68 198

  Long bone segment

    Proximal 3 (4.4) 12 (6.1) 0.8020

    Distal 9 (13.2) 22 (11.1)

    Diaphyseal 56 (82.4) 164 (82.8)

  Proximal and distal sub-segments

    Epiphysis 11 (91.7) 15 (44.1) 0.0043

    Metaphysis 1 (8.33) 19 (55.9)

  Proximal sub-segment

    Epiphysis 2 (66.7) 0 (-) 0.0286*

    Metaphysis 1 (33.3) 12 (100)

  Distal sub-segment

    Epiphysis 9 (100) 15 (68.2) 0.0766*

    Metaphysis 0 (-) 7 (31.8)

Tibia, N 23 105

  Long bone segment

    Proximal 1 (4.4) 12 (11.4) 0.5492

    Distal 10 (43.5) 38 (36.2)

    Diaphyseal 12 (52.2) 55 (52.4)

  Proximal-distal sub-segment

    Epiphysis 9 (81.8) 18 (36.0) 0.0077*

    Metaphysis 2 (18.2) 32 (64.0)

  Proximal sub-segment

    Epiphysis 1 (100) 1 (8.3) 0.1538

    Metaphysis 0 (-) 11 (91.7)

  Distal sub-segment

    Epiphysis 8 (80.0) 17 (44.7) .0753*

    Metaphysis 2 (20.0) 21 (55.3)

*
Fisher’s exact test
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Table 2

Comparison of physeal fractures between groups

N (%) Obese Non-Obese

Femur - distal 9 15

  Salter Harris I 1 (11.1) 2 (13.3)

  Salter Harris II 6 (66.7) 11 (73.3)

  Salter Harris III 1 (11.1) 0 (-)

  Salter Harris IV 1 (11.1) 2 (13.3)

Tibia - distal 8 17

  Salter Harris I 0 (-) 2 (11.8)

  Salter Harris II 3 (37.5) 6 (35.3)

  Salter Harris III 3 (37.5) 9 (52.9)

  Salter Harris IV 2 (25.0) 0 (-)
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Table 3

Crude and Adjusted Risk Ratios and 95% CIs for obesity and physeal fracture by long bone type

RR (95% CI)
Adjusted RR (95%
CI) P-value**

Long bone type

  Femur 2.52 (1.26–5.05) 3.25 (1.35–7.78) 0.0082

  Tibia 2.15 (1.10–4.20) 1.58 (0.76–3.26) 0.2179

  Combined 2.16 (1.30–3.59) 2.20 (1.25–3.89) 0.0065

Proximal-distal

  Femur 2.08 (1.35–3.20) 2.17 (1.30–3.60) 0.0107

  Tibia 2.15 (1.36–3.39) 1.38 (0.89–2.14) 0.1007

  Combined 2.16 (1.58–2.95) 2.03 (1.41–2.94) 0.0002

*
Physeal includes all epiphyseal fractures with the exception of ligament avulsions and tibial spine fractures

Adjusted model includes Height for age 90% (yes/no), age, and ISS
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