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playground of this size (these estimates
are based on competitive bids for play-
ground resurfacing materials in Omaha,
Neb, 1992).

Play is the work of children. While
adult work site safety is regulated by the
Occupational Safety and Health Admin-
istration, there is little regulation of the
work sites of America's urban children
and youth. State and local health depart-
ments should work closely with city and
county departments of parks, recreation,
and public works and with school sys-
tems to minimize the risk and lessen the
severity of playground injuries through
injury prevention outreach, periodic
playground surveillance, and rigorous
park maintenance. Just as local service
organizations in many cities have adopted
roads and highways for beautification and
litter control, community-based organi-
zations and local businesses can sponsor
safe parks for children in America's
cities. E
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Surface-Specific Fall Injury Rates on
Utah School Playgrounds
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Intodon

Playgrounds account for almost
200 000 injuries treated in emergency de-
partments annually in the United States.'
Falls from climbing equipment account for
nearly one quarter of injuries on public
playgrounds.2 Climbing equipment is as-
sociated with a disproportionate number
and severity of injuries relative to its prev-
alence on playgrounds.1'3 Impact-absorb-
ing surfaces have been recommended be-
low climbing equipment to prevent fall
injuries.1-5 The merit of this recommen-
dation is based on laboratory tests. The
impact-attenuating qualities of synthetic
mats and loose-fill materials (pea gravel,
sand, wood chips, etc.) are extremelyvar-
ied and depend on depth of the material,
size of particles, drop height, and environ-
mental conditions (e.g., moisture and
temperature).6-8 In actual use, loose-fill
surfaces are rarely maintained at recom-
mended depths3'9"10 and require regular

maintenance to loosen compacted mater-
ial.6-8 Also, children may be less cautious
when playing over resilient surfaces (risk
compensation), leading to an increase in
frequency and height of falls over these
surfaces. Because of the considerable po-
tential differences between laboratory and
field conditions and because of variations
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in the costs of surfaces, it is important to
evaluate the effectiveness of different sur-
faces under conditions of actual use.-1

We addressed the effectiveness of
different surfaces below playground
climbing equipment by calculating sur-
face-specific fall-injury incidence rates in
Utah elementary schools.

Methos
Injuries were ascertained from stu-

dent injury reports from elementary
schools (kindergarten through grade 6) in
Utah during the 2 school years from fall
1988 to summer 1990. Student injury re-
ports are completed by school personnel
and submitted to the state. Although
school participation isvoluntary, the com-
puterized database included 83% to 85%
ofthe elementary schools inUtah and 89%
to 92% of the elementary students for the
years reviewed. Reportable injuries were
those severe enough to cause school ab-
sence of at least half a day or to warrant
medical attention and treatment. Eligible
reports were those with the following
codes: location, "athletic field" or "play-
ground"; injury activity, "climbing" or
"playing on bars"; equipment involved,
"yes"; and contributing factor, "fall."
Surfaces on which falls occurred included

asphalt, concrete, grass, dirt, synthetic
(rubber-like) mats, sand, and gravel. Be-
cause of the extremely limited use of con-
crete under climbing equipment and the
similar impact-attenuating characteristics
of the two materials,6 injuries on concrete
were includedwith injuries on asphalt. Be-
cause of assumed similar characteristics
and the potential for variability in labeling
of grass vs dirt, an a priori decision was
made to group grass and dirt together as
"grass."

A one-time inspection was con-
ducted of all school playgrounds in 1988
and 1989 by local health departments to
count equipment, determine the maxi-
mum height from which a child could fall,
and identify the surface below equipment.
Because the specific piece of equipment
involved in an injurywas not identified on
the injury report, characteristics of equip-
ment and surfaces (e.g., maximum fall
height) could not be linked directly to in-
jury events. A relative height score was
calculated for each surface type by multi-
plying the percentage of equipment in the
lowest height category (<4 ft) by zero,
that in the middle category (4 to 6 ft) by
one, and that in the highest category (>6
ft) by two.

A student-year reflects the play-
ground exposure of a single student during

a single school year. For this study, we
assumed that each piece of climbing
equipment at a given school had equal use
by students there. The incidence of fall
injury reports was calculated for each sur-
face as follows:

Nn
Ix=000

I (2Ej * (PI/Pi))

where IX = the incidence of fail injury re-
ports per 10 000 student-years for surface
x (summed for 157 schools); NXi = number
of injury reports at schookl on surface x;
E, = schookl enrollment as of September
1989; Pd = pieces of climbing equipment
at schookl over surface x; and Pi = total
pieces ofclimbing equipment at schoolk. E,
was multipliedby2because the study cov-
ered 2 years. We chose not to calculate
confidence intervals for the surface-spe-
cific injury rate ratios because of the un-
usual degree ofuncertainty in the assump-
tions used for calculating incidence rates
(e.g., equal use of equipment on a play-
ground) and the limited adjustment for im-
portant confounders.

RPesuls
A total of 448 injuries, including 108

fractures and 27 possible concussions,
were recorded on the 282 reports that met
the selection criteria. The overall incidence
of playground fall injury reports (events)
was 14 per 10 000 student-years, and rates
were comparable for girls and boys (15 and
13, respectively). The incidence varied by
grade andwas lowest inkindergarten (3 per
10 000 student years) and highest in first
grade (19), with rates of 16 in second and
third grades, 15 in fourth grade, 16 in fifth
grade, and 10 in sixth grade.

Sixty percent of the 1476 pieces of
climbing equipment were sited over gravel
(Table 1). Most of the equipmnent over mats
and gravel was more than 6 feet high; only
13% of the equipment over asphalt was
more than 4 feet high. The relative height
scores were 142 for mats, 128 for sand, 125
for gravel, 109 for grass, and 13 for asphalt.

The incidence of fall injury reportswas
lowest for sand (Table 2). The injury rate for
asphalt was six times that for sand. Mats
and gravel had ratestwice thatofsand, how-
ever, the rate difference was between 7 and
9 injuries per 10 000 student-years. Inci-
dence rate ratios for severe injuries (frac-
tures and possible concussions) were sini-
lar to the overall rate ratios (rable 2).
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Consistent with laboratory tests

showing excessive deceleration at drop
heights over asphalt ofonly 2 inches,6 the
risk of equipment-related fall injuries ap-
peared greater over asphalt despite con-
siderably lower equipment heights over
asphalt. Given the heterogeneity of other
surfaces (e.g., in depth, size, environ-
mental conditions) and the data limita-
tions discussed below, our data do not
enable us to identify one impact-absorb-
ing surface as clearly superior. In fact,
there are no findings from this study, or
others known to us, to validate superior
performance of any impact-absorbing
surface in actual use when compared
with grass and dirt. Even when relatively
minor injuries were included, the abso-
lute risk of injury on grass appeared to be
low (12 injury events per 10 000 student-
years). Thus, the priority of modifying
playground surfaces other than asphalt
seems legitimately debatable.1'

To open debate and promote scien-
tific inquiry is, perhaps, as far as these
data can take us. The data limitations
were considerable, beginning with our in-
ability to directly measure play time over
each surface (exposure) and our reliance
on an assumption of equal play on each
piece ofequipment at a school. In all like-
lihood, children have definite preferences
for equipment and those preferences
could have been associated with the type
ofsurface. For example, ifmultiplatform,
integrated climbing structures are more
popular or accommodate more children
and are more likely to be sited over im-
pact-absorbing surfaces because they are
newer, then assuming equal exposure
would underestimate the true exposure

and thereby overestimate the rate of in-
juries on impact-absorbing surfaces.

Some factors may confound the re-
lationship between surface tWpe and fall
injury. Factors potentially affecting the
risk of a fall, independent of their associ-
ation with surface type, include student
age, supervision, and equipment design.
Similarly, student age, other equipment
features (such as height), and surface haz-
ards (such as contaminants and protru-
sions) may affect the risk ofan injurywhen
a fall occurs. Potential bias, such as dif-
ferential reporting of injuries by schools
with more or less impact-absorbing mate-
rial, must also be considered. The ability
of future studies to address these factors
will be important for understanding the
mechanisms throughwhich the field effec-
tiveness of impact-absorbing surfaces ap-
pears to be diminished. Because play-
ground equipment injuries are relatively
uncommon, resourceful case-control de-
signs and exposure measurement tech-
niques are likely to be necessary. Just as
there is an imperative in curative medicine
to consider technologic advances in terms
of health outcomes, preventive strategies
such as using impact-absorbing surfaces
for the prevention of playground injuries
should be assessed with health measures
of performance, notjust their intuitive ap-
peal or results of laboratory tests. El
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