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Abstract

Study Design: Retrospective chart review.
Objective: Socioeconomic status (SES) greatly impacts one’s health status and the type of trauma that a patient ex-
periences due to increased risk of exposure and varying availability of resources to treat emergent conditions. There is a
need for large-scale databases of pediatric facial trauma to identify discrepancies in occurrence and identify risk factors.
Methods: This retrospective examination uses a multi-center database to evaluate pediatric facial trauma patients
(n = 644) visiting Atrium Heath Wake Forest Baptist (AHWFB) hospital from 2020 to 2022. Data collected included
demographic information, past medical and surgical history, trauma history, interventions, and long-term outcomes such as
scarring, deformities, and sensory or motor deficits. The number of incidents for each zip code surrounding AHWFB was
compared with SES data including unemployment rate, mean household income, and poverty level.
Results: Thirty-five percent of patients sustained a high-energy injury, and 65% sustained a low-energy injury. Within the
surrounding counties of AHWFB, there were more incidents of pediatric facial trauma in areas with greater rates of
poverty (P = 0.006). Additionally, there were more incidents due to high-energy injuries in areas with lower income (P =
0.044) and more poverty (P = 0.002). Specifically, motor vehicle accidents were more common in areas with lower income
(P = 0.017) and more poverty (P = 0.001).
Conclusions: These findings in the central Piedmont region of North Carolina are consistent with previous research of
SES’s effect on health inequalities and serve as evidence of the need to take steps to prevent pediatric facial trauma in areas
of low SES.
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Introduction

Pediatric Facial Trauma Database

Pediatric trauma causes 12 000 deaths each year in the United
States, making it the leading cause of morbidity of pediatric
patients.1 Additionally, the incidence of pediatric facial
trauma is more common than adult facial trauma.1 Health
systems would greatly benefit from having a pediatric facial
trauma database with organized records and analysis to
improve patient care with minimal additional resources.
Additionally, statistics and benchmarks can be compared with
past and future data to track health system success, apply for
funding, and support or refute current or future policy.2,3

More specifically, creating a database for pediatric pa-
tients is important for analysis because children are different
from adults in terms of facial trauma. First, children’s facial

anatomy and bone structure are more resistant to fracture
because of their increased elasticity and children have more
prominent foreheads and smaller, flatter faces, which grow
forward as the child ages.4 Furthermore, children do not
have some facial features that adults do, such as paranasal
sinuses, and children have more adipose tissue, which can
affect treatment decisions and follow-up care.4 These dif-
ferences cause various mechanisms of trauma to be more or
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less common and deleterious for children of various ages.
For example, older children are more likely to sustain high-
energy injuries, such as sports injuries or car accidents,
whereas younger children are more likely to sustain low-
energy injuries, such as low falls/drops, because of the
nature of their activities and the presence of adult super-
vision.4 Second, treating pediatric facial trauma is more
difficult because the pediatric facial skeleton and skull are
still growing, so treatment intervention has the potential to
interfere with the natural growth and shape of a child’s facial
structure.5

This database serves as 1 of few large-volume databases
of pediatric facial trauma, adding valuable data including
specific pediatric facial trauma patient demographics, in-
juries, treatments, and outcomes. Examples of more general
databases mined for studies of pediatric facial trauma in-
clude the National Trauma Data Bank6,7 and the National
Electronic Injury Surveillance System.8 The specificity and
detail of the data compiled in this database can help answer a
wide variety of research questions that will benefit future
patients and assist health care providers.

Socioeconomic Status and Pediatric Facial Trauma

According to the World Health Organization (WHO),
“social determinants of health (SDH) are the non-medical
factors that influence health outcomes”.9 Social determi-
nants of health are the factors that make up an individual’s
socioeconomic status (SES) and examples of SDH include
income, education, unemployment, food insecurity, and
access to affordable health services.10 It has been noted that
SDH accounts for 30%–55% of an individual’s health
outcomes.9 Additionally, SDH is “increasingly acknowl-
edged as 1 of the most critical health determinants, and the
non-genetic components are estimated as a significant
(70%) contributor to individuals’ health”.11 And among the
various social determinants of health, neighborhood, and
therefore on a larger scale zip code, has been identified as a
fundamental factor for explaining how discrepancies of
SDH are permanently fixed into inequalities of health.11 By
acknowledging the impact of SES on health, steps can be
taken to improve the equality of SES across communities.
By analyzing the relationship between SES and pediatric
facial trauma, this study can serve as evidence of the
geographical discrepancies of SES and that these discrep-
ancies may correlate to the number and causes of pediatric
facial trauma incidents.

The central Piedmont region of North Carolina and more
specifically the greater Winston-Salem area represents a
unique area to analyze the effects of SES on pediatric facial
trauma because of its large socioeconomic diversity. In
2021, Winston-Salem was ranked in the top half of most
economic class diversity in the country based on data from
the U.S. Census Bureau.12 This economic diversity has the

most potential to clearly show the effect SES has had on the
quantity, mechanism, and treatment of pediatric facial
trauma cases at Atrium Health Wake Forest Baptist
(AHWFB). The aim of this study is to determine the re-
lationship between SES and the number of pediatric facial
trauma incidents in order to identify and potentially improve
preventative measures for varying SES patients, as well as
highlight any discrepancies in exposure to dangerous sit-
uations in regard to pediatric facial trauma.

Materials and Methods

Database Creation

648 incidents from 644 charts of pediatric patients less than
18 years of age who sustained a facial fracture from January
1, 2020 to December 31, 2022 and were cared for at Atrium
Health Wake Forest Baptist in Winston Salem, North Car-
olina were included in the database. Four patients each had
2 separate facial trauma incidents documented. There were
1046 documented incidents with the ICD-10 code of S02
(Fracture of Skull and Facial Bones) during 2020-2022, but
398 were excluded due to a lack of recorded facial trauma or
because care took place at a location other than AHWFB
(Table 1). Data was obtained from AHWFB’s Epic system.

Variables of interest included demographic information,
past medical and surgical history, trauma history, inter-
ventions, and long-term outcomes such as scarring, de-
formities, and sensory or motor deficits (Supplemental
Information A). Mechanism of trauma was differentiated
into high-energy vs low-energy. High-energy mechanism of
injury included motor vehicle accidents (MVA) greater than
25 mile/h, penetrating injuries, significant blunt force
trauma (hit with a metal object, trapped under a large object)
significant assault (fights, attacks), and falls from ≥10 feet
for ages ≥6 years or ≥5 feet for ages <6 years. The type
(bone, soft tissue, dental, brain, etc.) and anatomical lo-
cation of trauma, concomitant injuries, and, if applicable,
complications and follow-up appointments were also
recorded.

Study data was collected and managed using REDCap
(Research Electronic Data Capture) software hosted at
Wake Forest University School of Medicine. REDCap “is a
secure, web-based software platform designed to support
data capture for research studies, providing 1) an intuitive
interface for validated data capture; 2) audit trails for
tracking data manipulation and export procedures; 3) au-
tomated export procedures for seamless data downloads to
common statistical packages; and 4) procedures for data
integration and interoperability with external sources.”13,14
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Data Analysis

An institutional review board-approved retrospective
analysis was conducted in which the number of visits to
AHWFB for pediatric facial trauma for each zip code in
North Carolina (n = 133) was recorded and compared with
data from the 2021 American Community Survey from the
US Census Bureau.15 Included statistics were the per-
centage of unemployment, mean household income (dol-
lars), and percentage of people whose income in the past
12 months was below the poverty level for each zip code
(n = 131) (Supplemental Information B). Two zip codes
were excluded due to a lack of available SES data. This data
was inputted into IBM’s SPSS software for statistical
analysis.16 Bivariate correlation analysis was ran between:
number of incidents per zip code and unemployment per-
centage; number of incidents per zip code and mean
household income; number of incidents per zip code and
percentage below the poverty level. Correlations were
computed for all zip codes (n = 131) as well as only the zip
codes for Forsyth County (the county housing AHWFB)
and surrounding counties (Stokes, Yadkin, Davie, Da-
vidson, Guilford, Surry, and Rockingham) (n = 58) in the
central Piedmont region of North Carolina. Figure 1 below
shows a geographical representation of the counties.17

Then, incidents due to high-energy injuries from Forsyth

and surrounding counties were further broken down to
analyze the distribution of specific high-energy incidents
across varying socioeconomic statuses.

Results

The sample of patients seen at AHWFB for pediatric facial
trauma contained 648 incidents. The average age was
7.85 years (SD = 6.39). Sixty-three percent were male, 63.1%
wereWhite/Caucasian, 18.5%were Black/African American,
and 13.1%were Hispanic/Latino. Seventeen percent required
a social worker and 6% required a translator.

Thirty-five percent of cases required transfer from another
hospital for advanced care and the average length of hospital
stay for initial treatment was 2.65 days (SD = 8.82). Thirty-
five percent of patients sustained a high-energymechanism of
injury, and 65% sustained a low-energy mechanism of injury.
Of the cases of high-energy injuries, 40.8% were involved in
a high-speed (>25 mile/h) MVA, 19.3% sustained significant
blunt force trauma, 18.4% sustained a fall, 11.4% sustained a
penetrating injury, 8.8% of cases were due to a pedestrian
being struck, and 3.1% were a victim of significant assault/
non-accidental trauma. Of the cases of low-energy injuries,
48.2% sustained a fall, 34.4% were due to minor-moderated
blunt force, 13.3% were due to assault/non-accidental
trauma, and 7.4% were involved in a low-speed (<25 mile/h)
MVA. The percentages of specific low and high-energy in-
juries total more than 100% because some incidents com-
prised more than 1 mechanism of injury. For example, a
patient sustaining a penetrating injury from a windshield
during a high-speed car accident would be categorized under
both a high-speed MVA and a penetrating injury. Of all
MVAs, 16.2% had inappropriate or no seatbelt use, 8.8% of

Figure 1. Map of the Counties of North Carolina. Red dot represents Forsyth County, the county in which AHWFB resides.

Table 1. Number of Incidents Before and After Application of
Inclusion Criteria.

2020 2021 2022
Number of ICD-10 S02 Incidents 362 373 311
Number of Excluded Incidents 145 128 125
Number of Incidents Included in Database 217 245 186
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children were not in a proper car seat, and 8.1% included
airbag deployment.

Seventy-five percent of patients sustained solely facial
fractures and the average number of facial fractures sus-
tained per patient was 1.63 (SD = 1.53); the other 25%
sustained either no facial fracture or a facial fracture in
addition to an injury of the soft tissue, teeth, eye, ear, togue,
brain, or cervical spine. Thirty-four percent of patients
required surgical intervention and 34.3% were admitted to
the ICU. Post-trauma, 35% of patients had known com-
plications, such as facial deformity (any difference in facial
appearance compared to before the trauma) (24.7%), con-
cussion (22%), scarring (16.3%), airway/nasal airway ob-
struction (13.2%), headaches (12.8%), and seizures
(11.5%). Seventy-one percent of patients attended follow-
up appointments, whereas 10.8% were lost to follow-up.
Less than 1% of traumas were due to a suicide attempt and
1.7% of traumas resulted in mortality.

Of the 644 patients who visited AHWFB for pediatric
facial trauma during the years of 2020-2022, 610 (94.7%) of
the incidents occurred to patients residing in a North
Carolina zip code. Of the 610 incidents, 444 occurred to
patients residing in the home county of AHWFB and
surrounding counties. These counties comprised 68.9% of

the total incidents recorded and 130 (29.3%) of these were
due to a high-energy injury. The correlations between the
number of incidents per zip code and SES factor for all zip
codes are shown in Table 2, with correlations closer
to �1 and 1 representing a stronger relationship. When all
zip codes were analyzed, there were no significant corre-
lations between the number of incidents and unemployment,
income, or poverty.

When the geographical area of residence was narrowed
to the home county of AHWFB and surrounding counties, it
was found that there were significantly more incidents of
pediatric facial trauma in areas with more poverty (P < 0.01)
(Table 3). There were more incidents due to high-energy
injuries in areas with lower income (P < 0.05) and areas with
more poverty (P < 0.01) (Table 3).

Correlations of factors of socioeconomic status with
specific high-energy mechanisms are shown in Table 4. The
category of penetrating injuries was separated into dog
attacks and gunshot wounds (GSW). All-terrain vehicle
(ATV) accidents were separated as a distinct category from
motor vehicle accidents, which pertained to cars. It was
found that motor vehicle accidents were more common in
areas with lower income (P < 0.05) and more poverty (P <

Table 2. Correlations of all zip codes (n=131) of pediatric facial trauma incidents with SES.

% Unemployed Mean Household Income % Below Poverty

# Incidents 0.107 (P = 0.225) 0.019 (P = 0.825) 0.139 (P = 0.113)

Table 3. Correlations of the zip codes (n=58) in the counties surrounding and including Forsyth County with SES.

% Unemployed Mean Household Income % Below Poverty

# Incidents 0.213 (P = 0.108) �0.176 (P = 0.185) 0.357** (P = 0.006)
# High-energy incidents 0.231 (P = 0.081) �0.266* (P = 0.044) 0.403** (P = 0.002)

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).

Table 4. Correlations of high-energy incidents (n=37) with SES from zip codes (n=58) of Forsyth and surrounding counties.

% Unemployed Mean Household Income % Below Poverty

MVA 0.247 (P = 0.141) �0.392* (P = 0.017) 0.518** (P = 0.001)
Fall 6-17yo �0.229 (P = 0.173) �0.048 (P = 0.776) �0.018 (P = 0.914)
Blunt force trauma 0.120 (P = 0.479) �0.304 (P = 0.067) 0.304 (P = 0.067)
Pedestrian struck �0.051 (P = 0.763) �0.167 (P = 0.322) �0.165 (P = 0.329)
Assault/NAT 0.160 (P = 0.343) 0.106 (P = 0.533) 0.032 (P = 0.851)
Fall 0-5yo 0.070 (P = 0.681) 0.103 (P = 0.543) �0.089 (P = 0.602)
Dog attack �0.059 (P = 0.730) 0.066 (P = 0.699) �0.112 (P = 0.511)
GSW �0.151 (P = 0.372) 0.240 (P = 0.153) �0.031 (P = 0.856)
ATV accident 0.125 (P = 0.463) �0.146 (P = 0.388) 0.182 (P = 0.282)

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
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0.01). No other significant correlations were found between
SES and a specific high-energy mechanism of injury.

Significant correlations are summarized in Figure 2. The
strongest relationship exists between MVAs and poverty
compared to total number of incidents and all mechanisms
of high-energy incidents.

Discussion

Socioeconomic status can affect the type of trauma that a
patient experiences because of the increased risk of expo-
sure and the availability of resources to treat emergent
conditions. For example, SES can influence an individual’s
level of exposure to dangerous or trauma-inducing events.18

People with a lower SES may be more likely to experience
trauma due to living in high-crime neighborhoods (violence
is more common in low SES areas5,19), working in trauma-
susceptible manual labor occupations, or having less access
to protective resources. In relation to children, parents may
not have the resources to provide protection that may
prevent or deter facial trauma, such as AAP (American
Academy of Pediatrics) recommended car seats, helmets, or
adequate adult supervision.20-22 Alternatively, individuals
with a higher SES may be less likely to experience these
mechanisms of trauma-inducing events.

This study set out to identify a potential relationship
between SES and the incidence of pediatric facial trauma in
the central Piedmont region of North Carolina. Previous
research has theorized that socioeconomic status greatly
impacts one’s health status.9,11 This study supports this theory
because the results show that within the surrounding counties
of AHWFB, there are significantly more incidents of pediatric
facial trauma, especially due to high-energy injuries such as
motor vehicle accidents, in areas with higher levels of
poverty. While motor vehicle accidents were found to pre-
dominate in areas with higher poverty levels and lower in-
come, no other high-energy mechanism of injury was
significantly correlated to SES. The results align with pre-
vious claims that areas of lower SES predispose individuals to
trauma-evoking situations,18 such as those precipitated by the
lack of protective motor vehicle safety devices.20

Analyzing the socioeconomic data by place of residence
best shows the distribution of areas where improvement of
health maintenance is most needed.20 Knowing which zip
codes have the most pediatric residents incurring facial trauma
identifies the need to work to decrease health inequalities. The
results highlight discrepancies in exposure to injury-provoking
situations to direct efforts to improve preventative measures in
areaswithmore pediatric facial trauma. These results could also
shape future budgets and policy to focus attention to the SES
distribution so as to not further the divide of health inequality
across central North Carolina. For example, as injuries caused

Figure 2. Strength of Significant Correlations. Correlations between number of incidents, high-energy incidents, MVAs, income, and
poverty are shown. Orange bars represent correlations with p < 0.01 and blue bars represent correlations with p < 0.05.
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by high-speed motor vehicle accidents are more common in
areas with increased poverty (P < 0.01) and decreased mean
household income (P < 0.05), steps should be taken to prevent
these injuries. Proactive steps could include increasing edu-
cation of the importance of AAP-recommended car seats for
each age and offering them at discounted or no cost, and also
emphasizing the importance of seatbelts. Large-scale initiatives
could include reevaluating the speed limits, traffic signs, and
traffic laws to further prevent accidents. Pediatric providers
would have the opportunity to address safety issues early on
knowing that a patient’s place of residence could put them at a
higher risk of facial trauma. During routine health visits for
children from areas with greater poverty, educating children
and parents about the importance of seatbelts and car seats
could help prevent future pediatric facial trauma. Identifying
specific areas to concentrate preventative efforts allows for
more targeted approaches that can produce the greatest effects.
Focusing on providing aid for preventative measures in low
SES areas could alter the cycle of lower income/higher poverty
areas having to pay additional medical expenses for pediatric
facial trauma.

The epidemiologicalfindings of this study are similar to those
of others, which shows that this study population may be rep-
resentative of other geographical areas, even given the smaller
sample size. The male/female ratio of the study population (1.7:
1) is similar to previous studies which have found that pediatric
facial trauma is more common in males.23-25 Other studies in-
vestigating the causes of pediatric facial trauma found the most
common cause to be falls.23,25 Although this study breaks down
the causes by high and low-energy mechanism, overall the most
common cause was falls, followed by blunt force trauma and
MVAs. These similarities of patient demographics and injury
mechanisms may increase the external validity of the data and
the results as they align with previous studies.

This study was limited by the number of patients who fit
the criteria of pediatric facial trauma in central North Car-
olina. This study provides guidelines and steps that other
hospitals can implement to determine similar findings in their
patient population. While this study focuses on pediatric
patients, future studies could analyze the relationship between
SES and adult patients. The timeframe or anatomical location
of injury could also be expanded to include a greater number
of patients. The database created and used for this study has
the potential to answer many other research questions about
demographic variables, treatment, and follow-up care due to
the extent of recorded information.

In conclusion, mean household income and poverty
levels affect the incidence of pediatric facial trauma in
central North Carolina. High-speed motor vehicle accidents
are the only high energy mechanism of trauma that correlate
with income and poverty. These findings are consistent with
previous research of SES’s effect on health inequalities and
serve as evidence of the need to take steps to prevent pe-
diatric facial trauma in areas of low SES.
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