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Abstract

Background: Children aged 0–4 years have the highest rate of emergency department (ED) 

visits for traumatic brain injury (TBI); falls are the leading cause. Infants younger than 2 years are 

more likely to sustain a fractured skull after a fall.

Objective: This study examined caregiver actions and products associated with ED visits for 

fall-related fractured skulls in infants aged 0–4 months.

Methods: Data were analyzed from the 2001–2017 National Electronic Injury Surveillance 

System-All Injury Program. Case narratives of infants aged 0–4 months who visited an ED for 

Reprint Address: Juliet Haarbauer-Krupa, PhD, Division of Injury Prevention, National Center for Injury Prevention and Control, 
Centers for Disease Control and Prevention, 4700 Buford Highway, MS S106-9, Atlanta, GA 30341. 

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the Centers 
for Disease Control and Prevention.

Declaration of competing interest
None.

CRediT authorship contribution statement
Juliet Haarbauer-Krupa: Conceptualization, Investigation, Methodology, Project administration, Supervision, Writing – original 
draft, Writing – review & editing. Tadesse Haileyesus: Conceptualization, Data curation, Formal analysis, Methodology, Writing 
– original draft. Alexis B. Peterson: Conceptualization, Formal analysis, Methodology, Validation, Writing – original draft, 
Writing – review & editing. Lindsay S. Womack: Conceptualization, Formal analysis, Methodology, Validation, Writing – 
original draft, Writing – review & editing. Kent Hymel: Conceptualization, Methodology, Resources, Writing – review & editing. 
Marzieh Hajiaghamemar: Conceptualization, Methodology, Resources, Validation, Writing – review & editing. Joanne Klevens: 
Conceptualization, Methodology, Resources, Writing – review & editing. Daniel Lindberg: Conceptualization, Methodology, Writing 
– review & editing. Susan S. Margulies: Conceptualization, Methodology, Resources, Writing – review & editing.

HHS Public Access
Author manuscript
J Emerg Med. Author manuscript; available in PMC 2024 August 01.

Published in final edited form as:
J Emerg Med. 2024 August ; 67(2): e138–e145. doi:10.1016/j.jemermed.2024.03.015.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



a fall-related skull fracture were examined to code caregiver actions preceding the fall. Product 

codes determined fall location and product type involved (e.g., flooring, bed, or stairs). All 

national estimates were weighted.

Results: There were more than 27,000 ED visits (weighted estimate) of infants aged 0–4 

months for a nonfatal fall-related fractured skull between 2001 and 2017. Most were younger 

than 2 months (46.7%) and male (54.4%). Falls occurred primarily in the home (69.9%) and 

required hospitalization (76.4%). Primary caregiver actions coded involved placing (58.6%), 

dropping (22.7%), and carrying an infant (16.6%). Floor surfaces were the most common product 

(mentioned in 24.0% of the cases).

Conclusions: Fall-related fractured skulls are a health and developmental concern for infants, 

highlighting the importance of a comprehensive assessment at the time of the injury to better 

understand adult actions. Findings indicated the need to develop prevention messages that include 

safe carrying and placement of infants. Published by Elsevier Inc.
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Introduction

Young children aged 0–4 years have the most emergency department (ED) visits for 

traumatic brain injury (TBI) among all pediatric age groups; falls are the leading cause 

of injury (1). Infants are more likely than other age groups to sustain a fractured skull injury 

after a fall due to their lower structural rigidity and presence of sutures (2-4). Although falls 

may be the initial parent explanation for the ED visit, that report may not always be accurate 

(5). Examining the circumstances of these head injuries, especially in infants and young 

children who are unable to provide a report of what happened, is important (6,7). A previous 

study that examined fall-related TBI ED visits in young children (aged 0–4 years) and the 

actions associated with the falls, found that most were 1 year or younger (59.7%) and were 

treated and released from the ED (93%) (5). Most children were classified as having had an 

internal injury to the head (87.7%) or concussion (9.6%); however, a small percentage of 

children were diagnosed with a fractured skull (2.7%), potentially indicating a more severe 

injury. Among children between the ages of 0 and 4 years, the circumstances leading up to 

the fall were most often associated with actions of the child (87.5%), for example, running, 

jumping, and tripping. Only 12.5% were caused by the actions of others. However, actions 

by others were the leading cause of fall-related TBI ED visits (59.7%) for children younger 

than 1 year. Most of the injuries in the age group from 0 to 4 years occurred in the home. 

The data source used for this study did not allow for examining fall biomechanics, such as 

fall height, or clinical features, such as additional injuries, as contributors to injury severity 

(8).

Head injuries in young infants (aged 0–4 months) are likely related to actions by others 

because infants at this age are in a developmental stage of motor development with 

limited self-movement. Clinical diagnosis of intentional and unintentional head injuries 

is influenced by several factors that include presence of a skull fracture, age, mechanism 
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of injury, presence of seizures, retinal hemorrhage, and other fractures, such as ribs and 

long bone fractures (9-13). The presence of skull fractures in young infants is one of the 

most common diagnoses of abusive head trauma (AHT) in children younger than 3 years 

and can be a predictor of an intentional injury that requires further examination at the 

time of evaluation (10, 11, 13). Although falls are the most common injury mechanism 

reported for young children who report to the ED, the circumstances around the fall are 

not always reported (1,8). Recent research indicated that when no mechanism of injury is 

reported by the caregiver, there is an association with AHT (10). Therefore, understanding 

the circumstances of fall-related fractured skulls can offer insights into why such actions 

may contribute to injuries in this age group.

The biomechanics of injury-related severity and complexity in young children is related to 

fall height and surface of impact (2,3,4,14). In a recent study that evaluated stress indicators 

in witnessed infant falls, findings indicated a lower probability of a fractured skull in 

infants from a 0.3-m distance, particularly when a carpeted surface was involved and a 

higher probability of a fractured skull in infants from a 0.9-m distance fall for concrete 

impact (86–100%) (4). This study highlights the importance of biomechanical parameters 

to predict skull fracture in infants. In a study examining head kinematics during shaking 

associated with AHT in animal models, peak accelerations occurred when the animal’s 

head hit the torso and produced high-acceleration magnitudes (15). These studies highlight 

the importance of biomechanical parameters, fall heights, and type of impact surfaces or 

floorings to predict the probability of skull fracture occurrence in infants and illustrate the 

importance of understanding the circumstances surrounding the injury when an infant is 

receiving a medical evaluation.

The purpose of this study was to examine adult actions and products associated with infant 

falls among a large nationally representative sample. Better insight into circumstances and 

actions related to these injuries could aid in preventing future fall-related fractured skulls 

among infants. Findings can also inform health care providers about what to examine when 

evaluating infants in this age group and can focus communication on prevention efforts. 

It can also provide insight into whether the injury was unintentional or intentional. The 

purpose of this study was to examine actions and products associated with nonfatal ED visits 

for unintentional fall-related fractured skulls among infants aged 0–4 months.

Materials and Methods

Data Source

Data were acquired from the 2001–2017 National Electronic Injury Surveillance System–

All Injury Program (NEISS-AIP), which is a nationally representative stratified probability 

sample of 66 hospitals with at least six beds that provide 24-h emergency services in the 

United States. NEISS-AIP is a collaborative effort between the Centers for Disease Control 

and Prevention (CDC) and the U.S. Consumer Product Safety Commission (CPSC). Data 

are collected daily from each participating hospital, resulting in the capture of approximately 

500,000 nonfatal injury–related ED visits annually. Data variables include age, sex, race and 

ethnicity, date of injury, body part affected, diagnosis, disposition at discharge, location of 

injury event, cause and intent of injury, product involved in the injury, and a brief narrative. 
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NEISS-AIP defines a nonfatal injury as bodily harm resulting from exposure to an external 

force or substance (i.e., mechanical, thermal, electrical, chemical, or radiant) or submersion. 

NEISS-AIP has been described elsewhere in more detail and has been used previously to 

study TBI at the national level (14, 16-19).

Study Population and Study Measures

The sample for this study was drawn from ED visits and included infants aged 0–4 months 

who were treated for a fall-related fractured skull between 2001 and 2017 (n = 1088), 

with data extracted from a previous study on fall-related TBI in children aged 0–4 years 

(8). This age group (0–4 months) was examined based on coauthor agreement about their 

stage of development. In the original study, fall-related fractured skull cases were defined 

with “head” as the primary body part affected, “fractured skull” as the diagnosis, “fall” 

as the primary mechanism of injury, and were coded as “unintentional.” NEISS-AIP data 

include several possible case dispositions at discharge (e.g., treated and released, transferred, 

hospitalized, left, and unknown) (8). NEISS abstractors assign product codes from a listing 

of hundreds of products involved in injuries, listing up to two products in no particular order. 

Although both products lines were examined after data abstraction for the current sample, 

product one was used in this study due to limited data in the second product listing. Product 

codes for the top nine products listed (e.g., floors, beds, stairs, and baby products) related to 

the top caregiver actions were included in this analysis and described in the Results.

For each visit captured by NEISS-AIP data, a trained hospital medical record abstractor 

created a 140-character narrative based on information extracted from the medical record. 

These narratives often, but not always, include a brief description of the injury and its cause. 

The data examined for this study were abstracted from a dataset coded for a previous study 

in which narratives were searched using SAS Index Functions (8). Infants in this age group 

are just beginning to achieve motor movement and mobility milestones, so the primary 

focus was on caregiver actions that led to the fall. Two trained researchers independently 

reviewed all case narratives to identify caregiver actions associated with the fall. For this 

study, a coding manual was created with agreed-upon definitions prior to review: caregiver 

actions were coded as “Carry (caregiver carried child),” “Place (caregiver placed child on 

a surface),” “Drop (caregiver dropped child),” “Push/Pull (child was pushed or pulled by 

another person or caregiver),” “Throw/Flung (child was thrown or flung by a caregiver),” 

“Fall/Fell (caregiver fell while holding or carrying the child),” and “Not Enough Information 

(not enough information was included in the narrative to determine a specific action).” For 

example, if the narrative read, “child rolled off the table,” we assumed that the infant was 

placed on the table by a caregiver and this action was coded as “Place.” For each narrative, 

the researchers provided a code describing the action that initiated the fall.

To train for case narrative coding, two researchers initially coded the same 10 cases 

(initial agreement = 85%) and discussed any discrepancies to achieve 100% agreement. 

The researchers applied lessons learned from coding the previous 10 cases and coded the 

remaining narratives (n = 1088) with 100% agreement. The first author (J.H.K) verified final 

coding. Finally, we examined the product codes associated with the most common caregiver 

actions.
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Study Design and Statistical Analysis

This was a descriptive study designed to examine and describe actions and products 

associated with nonfatal ED visits for unintentional fall-related fractured skulls among 

infants. Frequencies, percentages, and 95% confidence intervals (CIs) were computed to 

obtain demographic and injury characteristics. Weighted estimates were calculated using 

sample weights from the CPSC based on the probability of selection of each hospital and the 

annual number of ED visits over time. The 95% CIs were calculated using a direct variance 

estimation procedure that accounted for the sample weights and complex sample design 

(16). Analyses were conducted using SAS software, version 9.4 (SAS Institute, Inc.). Some 

estimates are not shown because they were deemed unstable (i.e., if < 20 cases [unweighted 

data], the national estimates were < 1200 [weighted data], or the estimate’s coefficient of 

variation was > 30%).

Results

Fall-related Fractured Skulls by Infant and Injury Characteristics

Between 2001 and 2017, there were an estimated 27,398 ED visits in the United States of 

infants aged 0–4 months treated for nonfatal fall–related fractured skulls (Table 1). One-half 

of the ED visits for infants who sustained injuries were for male patients (54.4%; 95% 

CI 36.0–72.8%) younger than 2 months (46.7%; 95% CI 30.4–63.0%). Most infants who 

visited the ED with fall-related fractured skulls were hospitalized or transferred (76.4%; 

95% CI 46.3–100.0%), and a smaller percentage of those were treated and released from 

the ED (19.7%; 95% CI, 12.4–27.1%). Among all years in the study period, 44.1% (95% 

CI 28.0–60.2%) of fall-related fractured skulls occurred between 2012 and 2017. We could 

not calculate 95% CIs for race and ethnicity and location because many cases were listed 

as unknown. Almost 70% (69.9%) of fractured skull injuries that did have recorded location 

were reported in the home (n = 711).

Fall-Related Fractured Skulls by Action Type

Caregiver actions associated with fall-related fractured skulls are listed in Table 2. Most 

of the caregiver actions were “Place” (58.6%; 95% CI 39.4–77.8%), followed by “Drop” 

(22.7%; 95% CI 14.4–30.9%) and “Carry” (16.6%; 95% CI 9.1–24.1%). “Place” indicates 

that a caregiver placed a child in a specific location; whereas “Drop” and “Carry” were 

indicated by the words in the text. Caregiver actions, such as “Push/Pull/Throw,” were 

among the top four actions identified, but these estimates were unstable.

Fall-Related Fractured Skulls by Products

The top products involved with fractured skulls in infants aged 0–4 months are listed in 

Table 3. Floors were the leading product category contributing to fall-related fractured skulls 

(24.0%; 95% CI 14.3–33.6%). Beds were the second leading product category (14.8%; 

95% CI 7.7–21.9%), followed by stairs (9.6%; 95% CI 4.7–14.4%), car seats for infants 

and children (9.2%; 95% CI 4.8–13.6%), and sofas (5.0%; 95% CI 2.5–7.5%). The large 

category of “All other products” associated with caregiver actions (20.2%) indicates various 

products, but none were largely involved with the injury (e.g., fall in bathtub or fall from 
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motor vehicle when removing car seat), resulting in unstable estimates that are not reported. 

Post-hoc analyses (data not shown) revealed that the products associated with caregiver 

action of “Place” included beds or bedframes (23.4%; 95% CI 12.4–34.5%), followed 

by floors or flooring materials (18.1%; 95% CI 8.7–27.6%) and car seats for infants or 

children (11.2%; 95% CI 6.6–15.8%). The top product associated with the caregiver action 

of “Drop” was floors or flooring material (data not shown; 46.8%; 95% CI 26.9–66.6%). 

Other products frequently associated with specific caregiver actions were unstable and not 

reported.

Discussion

This study examined a nationally representative database between 2001 and 2017 to 

better understand caregiver actions and products related to fall-related fractured skulls in 

infants aged 0–4 months, an age when they are beginning to gain ability to move in their 

environment. Findings indicate that most injuries occurred in the home and that most infants 

with fractured skulls were hospitalized. The primary actions leading to these falls were 

placing an infant on a surface, followed by dropping and then carrying an infant. Floor 

surfaces were the leading product related to the fall. This study aligns with findings from 

a previous study that reported actions by others were the primary cause of TBI-related 

falls, resulting in an ED visit for children younger than 1 year (8). When young infants 

present to the health care setting for care with a TBI, clinical screening and a comprehensive 

examination that includes an understanding of the biomechanics of the injury (i.e., fall 

height and impact surface) can also provide insight into the circumstances of fall-related 

skull fractures in infants, safe practices, and fall prevention education.

As we learned from our results, most injuries occurred in the home, a common location of 

injuries for young children, as noted in other studies (8,20,21). In the home environment, 

care supervision practices, such as attention, proximity and continuity, and environmental 

hazards are key determinants of injury risk (1). Parents may lack experience caring for a 

new baby when first bringing their baby home from the hospital after birth, and lack sleep 

due to the nature of newborn behavior, which could influence their decisions about where 

to place or how to carry the infant. However, parent status related to falls (i.e., fatigue) 

was not indicated in this dataset. A newborn safety bundle, combined with education, is a 

prevention method that involves wrapping the infant in a sleep sack bundle. It is designed 

to promote safe sleep and to minimize fall risk and is initiated in the hospital setting. 

This can be an important first step in parent education about safe sleep and attending to 

the infant (22). Home safety interventions are most commonly provided as one-to-one, 

face-to-face education and are effective in increasing many safety practices (21,23,24). 

Evidence shows that such interventions may reduce injury rates, particularly those provided 

at home (24). Future studies might examine the content of injury prevention messages 

provided by pediatricians related to infant fall prevention, through both verbal and written 

instruction during well-check visits. Furthermore, examining the degree of universality of 

these messages and how often they are repeated across visits may be beneficial.

Falls are frequently a reason young children visit the ED, and although this may be the 

initial parent explanation for the visit, as indicated in previous studies, their description may 
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not always be complete or accurate (5-7,25-27). Recent research also reports that when no 

mechanism of injury is reported by the caregiver, there is an association with AHT (10). 

Based on our examination of caregiver actions, a fall in this young age group warrants 

further examination of the infant and circumstances of the fall. Although our study focused 

on unintentional injuries, a fractured skull in this group (where independent mobility is 

extremely limited) is one of the most common signs of AHT, and child physical abuse is 

also a mechanism that can cause a fractured skull (5,6, 10,11,24-27). Clinical tools for health 

care providers, such as PredAHT (Predicting Abusive Head Trauma) can identify AHT 

symptoms at the time of the health care visit, which can influence a clinician’s probability 

estimates of the trauma in children younger than 3 years who present with intracranial 

injuries (28,29). Further examining children helps to determine health history, presence of 

seizures, retinal hemorrhage, and other orthopedic injuries (9-13).

Injury severity and complexity in young children is related to fall height and surface of 

impact (2-5,25). Although the current study could not identify fall height in the narratives, 

findings reported from the biomechanics literature offer insight and can inform a more 

comprehensive assessment for circumstances related to the fall for medical providers. When 

examining the biomechanics of children’s falls, research supports that even "short falls" 

(often defined as <5 ft) may be used as explanations for unintentional injuries that are in 

reality AHT (7,10).

A recent study found that infants were most likely to fall onto floors, which may also 

contribute to the likelihood of a skull fracture (4). Infants falling from a 0.3-m distance were 

less likely to sustain a fractured skull, particularly when the fall occurred on a carpeted 

surface (4). Studies on the biomechanical aspects of falls illustrate the importance of 

understanding the circumstances surrounding the injury, including fall height, additional 

injuries, and type of impact surface when an infant is receiving a medical evaluation (27).

Limitations

Findings from this study are subject to at least five limitations. First, NEISS-AIP includes 

nonfatal injuries treated in hospital EDs only, and not those seen in physician offices or 

outpatient clinics, which can be an undercount of injuries and may only capture more 

severe injuries. It also does not include fatal fall-related skull fractures. Second, the narrative 

descriptions provided in NEISS-AIP are captured from health care providers’ notes of 

caregiver statements, which may result in reporting inaccuracies. Third, NEISS-AIP data 

do not provide consistent information on the individuals who completed the action related 

to the fall (such as whether it was an adult or another child) or detailed sociodemographic 

information, which limits analysis of sociodemographic factors and family structure. Fourth, 

due to many unknowns, 95% CIs around estimates stratified by race and ethnicity and fall 

location were not computed. Lastly, de-spite removing cases that were deemed intentional, 

some of the cases examined may have been AHT-related, due to the challenges of accurately 

ascertaining intentionality in the health care setting.
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Conclusions

Because of their risk of abusive head trauma, health care professionals examining the infant 

at the time of injury need to conduct a comprehensive assessment at the time of injury that 

includes a better understanding of injury circumstances. Pediatric health care professionals 

in contact with caregivers of young children can provide education about the importance of 

care supervision practices that promote safety when carrying and placing an infant in the 

home.

When parents leave the hospital after childbirth, education about attending to and placing 

infants in a safe space, such as their crib, and how to safely carry an infant to prevent 

dropping could prevent infant falls. Pediatricians can also educate parents about fall 

prevention during well visits for young infants. Although there is some information available 

for parent education, how universal and frequently these messages are communicated 

and if they are effective for prevention is unclear. There is a lack of evidence-based fall 

prevention strategies for infants. The fall prevention methods pediatricians and other health 

care specialists currently discuss with new parents are not well understood and require 

further investigation to ascertain what information is provided to new parents and caregivers 

(22,24,30,31).
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Table 1.

Nonfatal emergency department visits for unintentional fall-related fractured skulls among children aged 0–4 

months treated in the United States by selected characteristics, 2001–2017.

Characteristics Sample cases National estimate Percent 95% confidence interval

Total 1,088 27,398 100.0

Sex

   Male 608 14,893 54.4 36.0 - 72.8

   Female 479 12,482 45.6 29.9 - 61.2

   Unknown a 1 22 0.1 -

Race/Ethnicityb

   Non-Hispanic White 506 14,333 52.3 -

   Non-Hispanic Black 134 2,187 8.0 -

   Hispanic 87 2,205 8.0 -

   Other Non-Hispanic 44 751 2.7 -

   Unknown 317 7,922 28.9 -

Age (months)

   0 to <2 Months 470 12,798 46.7 30.4 - 63.0

   2 Months 266 6,560 23.9 13.0 - 34.9

   3 Months 197 4,498 16.4 10.8 - 22.1

   4 Months 155 3,542 12.9 8.7 - 17.1

Location of Fallb

    Home/Apartment/Mobile Home 711 19,157 69.9 -

   Street/Public 70 1,649 6.0 -

   School 1 10 0.0 -

   Sports 10 130 0.5 -

   Other/Unknown 296 6,453 23.6 -

Disposition

   Hospitalized/Transferred 696 20,924 76.4 46.3 - 100.0

   Treated and Released 306 5,410 19.7 12.4 - 27.1

   Other/Unknown a 86 1,065 3.9 -

Year Grouped

   2001–2006 246 6,670 24.3 14.9 - 33.8

   2007–2011 354 8,639 31.5 17.4 - 45.7

   2012–2017 488 12,089 44.1 28.0 - 60.2

a
95% confidence interval (CI) is not shown because it is considered unstable due to small sample size and/or CV > 30%.

b
Due to a high percentage of unknowns, the CI is not reported: https://www.cpsc.gov/Research--Statistics/NEISS-Injury-Data). For more 

information, visit https://wisqars.cdc.gov/nonfatal-reports.
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Table 2.

Nonfatal emergency department visits for unintentional fall-related fractured skulls among children aged 0–4 

months treated in United States by caregiver action, 2001–2017.

Rank Caregiver Action Weighted estimate Percent (95% CI*)

1 Place 16,057 58.6 (39.4–77.8)

2 Drop 6,211 22.7 (14.4–30.9)

3 Carry 4,549 16.6 (9.1–24.1)

4 Push/Pull/Throw 581 2.1 (---)

Total 27,396* 100.0

*
Confidence interval (CI) is not shown because it is considered unstable due to small sample size and CV > 30%. Estimates may not sum to the 

total because of rounding.
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Table 3.

Products involved with nonfatal emergency department visits for unintentional fall-related fractured skulls 

among children aged 0–4 months treated in United States, 2001–2017.

Rank Product Type Weighted estimate Percent (95% CI*)

1 Floors or flooring materials 6,567 24.0 (14.3–33.6)

2 Beds or bedframes 4,046 14.8 (7.7–21.9)

3 Stairs or steps 2,623 9.6 (4.7–14.4)

4 Car seats 2,520 9.2 (4.8–13.6)

5 No product involved 1,994 7.3 (3.8–10.7)

6 Sofas, couches, davenports, divans 1,363 5.0 (2.5–7.5)

7 Baby strollers 1,065 3.9 (---)

8 Tables 914 3.3 (---)

9 Baby bouncer seats (excl. jumpers) 777 2.8 (---)

10 All other products 5,527 20.2 (12.7–27.6)

Total 27,396* 100.0

*
Confidence interval (CI) is not shown because it is considered unstable due to small sample size and/or CV > 30%. Estimates may not sum to the 

total because of rounding.
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