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ABSTRACT

Background. Unintentional injuries are the leading cause of death in children, and falls are
the most common type of unintentional injury in the US. The incidence of falls from
windows, a common cause of death in urban areas, has not been described outside major
cities such as New York and Chicago, and rates in urban and suburban areas have not

been compared.

Objective. To estimate the incidence and identify the population at risk for falls from
windows among children in Hamilton County, Ohio.

Design. Retrospective case series identified using Cincinnati Children’s Hospital Medical
Center (CHMC) Trauma Registry.

Setting. Hamilton County, Ohio, which has urban and nonurban areas.

Participants. Children less than 15 years old residing in Hamilton County, Ohio, presenting
to CHMC in Cincinnati, Ohio, after a fall from a window between January 1, 1991, and
December 31, 1997.

Outcome Measure. Annual incidence by age, race, gender, and residence of those who fell
from windows.

Results. Over the 7-year study period, 86 (6.3%) of 1,363 falls were from windows. The
mortality rate for falls from windows was 4.7%, compared to 0.07% for all other falls
presenting to CHMC (P <.0001). Children 0—4 years old had a higher rate of falls than
children aged 5-14 (14.6/100,000 vs. 2.0/100,000) (P < .0001). Males were twice as likely
to fall as females (P <.016), and black children were three times more likely to fall than
non-black children (P < .002). The incidence of falls in the city of Cincinnati was four times
that of the non-urban area (P <.0002).

Conclusions. Injuries from falls from windows are a public health problem in Hamilton

County, Ohio, especially for young, urban children.
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Despite a decline in injury-related deaths among children from 1978 to 1991,
injuries still cause substantial morbidity and mortality in children.' Studies that
examined the epidemiology of injuries identified risk factors and strategies for
prevention in children, leading to dramatic reductions in injuries and deaths
among US children." However, injuries are still the leading cause of death in
children.!

Falls account for significant morbidity and mortality, especially for young
children.*® Falls account for the majority of injury-related emergency room and
ambulatory care visits,” and falls are the sixth leading cause of death in children
aged 1-4 years.” In Hamilton County, Ohio, from 1994 to 1996, falls were the
second leading cause of injury in children aged 1-4 years and the fourth leading
cause of injury-related deaths.’ Falls from heights have a particularly high mortal-
ity rate.”™

Since the early 1970s, falls from buildings have been recognized as an impor-
tant cause of injury and death among children.”" Studies conducted in New
York City reported that falls from dwellings accounted for 12-20% of all injury-
associated deaths.”” Virtually all deaths in these studies were due to falls from
windows, particularly for children who were less than 5 years old.”"” The inci-
dence of falls from windows outside metropolitan areas such as New York City
and Chicago is defined poorly. Many cities, including Cincinnati, do not have
any regulations requiring window guards, although these guards have been
shown to prevent falls."'®

The purpose of this study was to estimate the incidence and identify the
population at risk for falls from windows in Hamilton County, Ohio, which may
help to determine the magnitude of this problem in smaller urban and suburban

areas.

METHODS
All falls between January 1, 1991, and December 31, 1997, evaluated at Children’s
Hospital Medical Center (CHMC), the only Level 1 Pediatric Trauma Center in
Cincinnati, were identified retrospectively from the Trauma Registry at CHMC.
Almost every child younger than 15 years in Hamilton county with trauma
requiring emergency medical service response is evaluated at CHMC. Cases were
defined for this study as children less than 15 years old who unintentionally fell
from a window in Hamilton County, Ohio, over the 7-year period. No falls
outside Hamilton County were included. Children who fell from roofs, porches,
furniture, and playground equipment were excluded. The Trauma Registry in-

cludes all children hospitalized for injuries, and data after 1995 include those
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children evaluated in the emergency room and discharged. Death certificates
were not evaluated since almost all children with trauma are evaluated at CHMC.
Cases were retrieved using the International Classification of Diseases, Ninth Revision
(ICD-9) E codes 882 (fall from building) and 884 (fall from one level to another)
and by mechanism of injury (fall from window)."

Data collected included address of fall; height of fall; age, race, gender, and
home address of the person who fell; standardized Injury Severity Scores; and
injury ICD-9 codes. Information from the registry was verified manually from
all available charts. The ZIP code and address of each fall were used to determine
occurrence within urban Cincinnati or nonurban Hamilton County. Urban was
defined as within the city limits of Cincinnati, and nonurban was defined as the
remaining Hamilton County area. When only the number of stories of the fall
was recorded, each story was assigned a height of 12 feet. This height is based
on other studies” and building codes that require each story of a building to be
14 feet. Each fall was counted only once regardless of number of hospitalizations

for the same incident.

STATISTICAL ANALYSIS
Statistical analyses of rates of falls from windows and the associated 95% confi-
dence intervals (Cls) were calculated based on age, race, gender, and place of
residence. Mortality rates for falls from windows and all falls were calculated.
Population data were obtained from the 1990 US Census.”

Data were analyzed with SAS (SAS Institute, Inc., Cary, NC) using GENMOD,
a general model procedure that allows specification for the Poisson distribution,
and Fisher exact tests were used to analyze population rates and individual
differences according to race, gender, age, and location of fall. Linear regression,
controlling for age, sex, and race, was used to analyze the relationship of Injury
Severity score and height of fall. A P value of less than .05 for a two-sided test

was considered statistically significant.

RESULTS
From January 1, 1991, through December 31, 1997, there were 1,363 falls in
Hamilton County, and 86 (6.3%) were unintentional falls from windows. Death
occurred in 4 (4.7%) cases (1 child was dead on arrival), 78 (90.7%) children were
admitted and survived, and 4 (4.7%) were treated and released.
Children younger than 5 years were at increased risk for falls from windows.
There were 69 children less than 5 years old, for an annual incidence rate of

14.6/100,000 (95% CI, 11.5-18.6). There were 17 between the ages of 5 and 14
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years, for an annual incidence rate of 2.0/100,000 (95% CI, 1.2-3.2), which was
significantly lower than for children younger than 5 years of age (P <.0001).

Black children were at increased risk for falls from windows. There were 47
(55%) black children, for an annual incidence rate of 13.1/100,000 (95% CI, 9.8—
17.5), whereas 39 (45%) children were white, for an incidence of 4.1/100,000 (95%
CI, 2.9-5.5) (P <.002).

Males were also more likely to fall from a window compared with females.
There were 55 (64%) males, for an incidence rate of 8.2/100,000 (95% CI, 6.0-10.5),
whereas 31 (36%) were female (4.8/100,000; 95% CI, 3.3-6.8) (P < .02).

The rate of falls from windows was higher in urban areas compared to nonur-
ban areas. Of the falls, 9 (10.5%) occurred outside the child’s home, and 1 child
who lived in a suburban area fell from a dwelling in urban Cincinnati. Of the
children who fell from a window, 64 (74%) fell within the city of Cincinnati, and
22 fell in suburban or rural Hamilton County. The incidence of falls for children
in Cincinnati was 11.6/100,000 (95% CI, 9.0-14.9), compared with 2.8/100,000
(95% CI, 1.8-4.3) (P < .0002) (Table I). The highest rate of falls was seen in children
less than 5 years of age who fell in the city of Cincinnati (24.3/100,000).

All risk factors were examined statistically while controlling for other factors.
After adjusting for all other variables, those who were black, urban, less than 5
years old, and male were associated independently with an increased risk of
falling from a window. Separate analysis to determine if these factors were related
found no statistically significant interaction.

There were 9 (10%) children who fell less than 13 feet, 49 (57%) fell 13-23
feet, and 26 (30%) fell at least 24 feet. The height of fall for 2 children was un-

TaBLeE | Characteristics of Children Who Fell from Windows in
Hamilton County (Cincinnati), from 1991 to 1997 (N = 86)

n (%) Rate /100,000 95% CI P

Age group

Aged 0-4 69 (80) 14.6 11.5-18.6

Aged 5-14 17 (20) 2.0 1.2-3.2 <.0001
Gender

Male 55 (64) 8.2 6.0-10.5

Female 31(36) 47 3.3-6.8 <.02
Race

Black 47 (55) 13.1 9.8-17.5

White 39 (45) 4.1 29-55 <.002
Residence

Urban 64 (74) 11.6 9.0-14.9

Nonurban 22 (26) 2.8 1.8-4.3 <.0002
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TasLE I Mean Injury Severity Score and Residence by Height
of Fall (N = 84)*

Urban, Nonurban, Injury Severity Score
Height of Fall n (%) n (%) Mean (Range)
0-12 feet 7(11) 2 9) 4 (0-9)
13-23 feet 37 (58) 12 (55) 4 (0-41)
224 feet 19 (30) 7 (32) 8 (0-41)
230 feet 11 (17) 1 (5 12 (1-41)

*Height of fall of two children was unknown.

known. Of the 4 deaths, 3 occurred among children who fell at least 30 feet, and
11 of the 12 children who fell more than 30 feet fell in urban areas (Table II).
Fifteen children (17%) were admitted to the intensive care unit (ICU); all but
one child admitted to the ICU fell at least 13 feet. Significant injuries sustained
included closed head injury (concussion or loss of consciousness with no abnor-
mality on computerized tomography scan), skull/vertebral fractures and intra-
cranial hemorrhage, extremity fractures, and severe trunk injuries, such as pneu-
mothorax, lung contusion, and splenic laceration. A similar percentage of children
in urban and nonurban areas sustained each type of injury (Table III). About
one-third of children in both urban and nonurban areas sustained no significant
injury. Of those who resided in the city of Cincinnati, 9 (14%) had multiple
injuries, whereas only 1 (4%) child who lived outside the city had multiple
injuries. All fatalities occurred among children who lived in the city of Cincinnati.
After excluding the 2 children who fell from an unknown height, 4 children
who resided in Cincinnati had an Injury Severity score greater than 25, which
is associated with high risk of death, whereas no child who lived outside the

city had an Injury Severity score greater than 13. Of the children, 90% fell more

TaBLE 111 Injuries Sustained in Falls from Windows Among
Urban and Nonurban Children (N = 86)*

Urban, n (%)  Nonurban, n (%)

Type of Injury (N =64) (N =22)
Closed head injury 13 (20) 3(14)
Skull or vertebral fracture or

intracranial hemorrhage 13 (20) 5(23)
Trunk injury 8 (13) 4 (18)
Extremity fracture 20 (31) 3(19)
Minor/no injury 22 (34) 8 (36)

*Some children had multiple injuries; each injury counted separately.
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than 12 feet. Many children had minor injuries, but all deaths and the majority
of severe injuries and ICU admissions occurred if children fell more than 12 feet.
However, linear regression analysis of Injury Severity score and height of fall,

controlling for age, sex, and race, did not reach statistical significance (P = .2).

DISCUSSION

Falls from windows cause substantial morbidity and mortality among children
who reside in Hamilton County, Ohio. Children who were less than 5 years old
had the highest rate of such falls. Black children and male children were also at
increased risk of falling from a window. Children in urban areas were much
more likely to fall than children in nonurban areas, and all deaths occurred
within the city of Cincinnati. All children except one who fell more than 30 feet
lived in urban Cincinnati, which likely reflects the higher number of multiple-
level dwellings in the city. Children who fell at least 30 feet seemed to be injured
more severely, although this did not reach statistical significance. This may be
due to the higher fall or a difference in landing surface.

Similar to our study, studies conducted in New York City and Chicago also
found children who were less than 5 years old and male children to have higher
rates of falls from heights.g‘w’u‘17 This is the first study, however, to test these
rates for statistical significance. Our study thus confirms young children and
male children are at highest risk, possibly due to impulsive behavior and limited
appreciation of danger. The one previous study that examined race found no
difference in rate of falls among white, black, and Hispanic children.” This may
be a reflection of different racial distribution in Cincinnati compared to other
metropolitan areas.

No previous studies examined and compared rates of falls from windows for
urban and nonurban children. Although such falls occur in both urban and
nonurban settings, we found the incidence significantly higher among urban
children in Hamilton County. This finding, however, should be interpreted cau-
tiously. Data were obtained from one trauma registry at CHMC, and death
certificates were not reviewed. Since CHMC is the only Level 1 Pediatric Trauma
Center in the Cincinnati area, with more than 99% of pediatric hospitalizations,
it is unlikely than any children with significant trauma would be missed. It is
possible, however, that children with no E code diagnosis were overlooked.
Patients with minor injuries may not have been reported or may have been
evaluated by other hospitals or clinics. Thus, it is possible that the incidence of
falls from windows was similar for both urban and nonurban children, but all

deaths and more severe injuries occurred among the urban children.
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The mortality rate in this study was within previously published rates of
0-25%." The deaths from falls from windows accounted for 4 (80%) of the
deaths from all falls recorded at this institution during the study period. Surpris-
ingly, we did not find a correlation of height of fall and severity of injury. This
is consistent with the one other study that examined severity of injury and height
of fall.” In our series, 3 of 4 deaths were of children who fell at least 30 feet, and
falls from more than 12 feet were more likely to result in ICU admission and
accounted for the most severe injuries.

Studies have demonstrated that as many as 90% of falls from windows can
be prevented by the use of window guards.”™" Due to the high mortality rate of
children who fell from windows in New York City,”" the city’s Public Health
Department began the Children Can’t Fly campaign in 1972, which involved
reporting of falls from windows, community education, and free installation of
window guards." After 2 years, a 50% decline in the incidence of falls from
windows was reported, prompting passage of legislation mandating window
guards.” In a 10-year follow-up, Barlow estimated that such falls had decreased
by 96% since the law was passed.’

There is no existing legislation mandating window guards in Cincinnati.
Previous attempts to develop regulations, in 1991 and again in 1993, were
thwarted by the lack of epidemiologic data and lobbying efforts by property
owners. Perceived disadvantages to window guards include decreased exits in
the event of fire, but guards may not be placed on fire escape windows, and the
local fire department supports the use of window guards. In buildings with no
air conditioning, there would be decreased air circulation in hot summer months
since window guards limit the height windows can be opened. They also add
some cost to low-income housing. Since significant injury occurred in higher
falls, requiring window guards only on windows greater than 12 feet from the
ground may be more cost-effective.

Falls from windows are an endemic, but preventable, problem that dispropor-
tionately affects urban children who are younger than 5 years. Strategies to
educate landlords, parents, and policy makers about hazards surrounding win-
dows and regulations to place window guards in multiple-unit dwellings are

needed to prevent further morbidity and mortality from such falls.
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