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Context: Over the past several decades, cheerleaders have
been performing fewer basic maneuvers and more gymnastic
tumbling runs and stunts. As the difficulty of these maneuvers
has increased, cheerleading injuries have also increased.

Objective: To describe the epidemiology of cheerleading
fall-related injuries by type of cheerleading team and event.

Design: Prospective injury surveillance study.
Setting: Participant exposure and injury data were collected

from US cheerleading teams via the Cheerleading RIO
(Reporting Information Online) surveillance tool.

Patients or Other Participants: Athletes from 412 enrolled
cheerleading teams who participated in official, organized
cheerleading practices, pep rallies, athletic events, or cheer-
leading competitions.

Main Outcome Measure(s): The numbers and rates of
cheerleading fall-related injuries during a 1-year period (2006–
2007) are reported.

Results: A total of 79 fall-related injuries were reported
during the 1-year period. Most occurred during practice (85%,

67/79) and were sustained by high school cheerleaders (51%,
40/79). A stunt or pyramid was being attempted in 89% (70/79)
of cases. Fall heights ranged from 1 to 11 ft (0.30–3.35 m)
(mean 5 4.7 6 2.0 ft [1.43 6 0.61 m]). Strains and sprains were
the most common injuries (54%, 43/79), and 6% (5/79) of the
injuries were concussions or closed head injuries. Of the 15
most serious injuries (concussions or closed head injuries,
dislocations, fractures, and anterior cruciate ligament tears),
87% (13/15) were sustained while the cheerleader was
performing on artificial turf, grass, a traditional foam floor, or a
wood floor. The fall height ranged from 4 to 11 ft (1.22–1.52 m)
for 87% of these cases (13/15).

Conclusions: Cheerleading-related falls may result in se-
vere injuries and even death, although we report no deaths in
the present study. The risk for serious injury increases as fall
height increases or as the impact-absorbing capacity of the
surfacing material decreases (or both).

Key Words: injury surveillance, athletic injuries, elite ath-
letes, collegiate athletes, high school athletes, youth athletes

Key Points

N Cheerleading-related falls may result in catastrophic injuries and even death.
N Most of the serious injuries in the present study were sustained on artificial turf, grass, traditional foam floors, or wood

floors.
N The risk for serious injury increases as fall height increases or the impact-absorbing capacity of the surfacing material

decreases (or both).

I
n 2006, national attention was focused on a collegiate
cheerleader who fell 15 ft (4.57 m) from a pyramid,
landing on her head on a wood gym floor during a time-

out performance for a basketball game.1 She sustained a
chipped neck vertebra and a concussion.1 As cheerleading
has increased in popularity, so has the difficulty of the
routines performed by cheerleaders.2 Over the past 30+
years, cheerleaders have evolved from performing very basic
maneuvers, such as toe-touch jumps, the splits, and claps,3

to performing gymnastic tumbling runs and stunts consist-
ing of human pyramids, lifts, catches, and tosses (basket
tosses).4 Associated with the increased difficulty of the
cheerleading maneuvers being performed is an increased
number of cheerleading-related injuries. Shields and Smith5

reported that cheerleading-related injuries to children 5 to 18
years of age in the United States increased 110%, from
10 900 in 1990 to 22 900 in 2002.

Although several studies5–7 of cheerleading-related
injuries have been published in recent years, none have
specifically described injury events in terms of the
mechanism of injury, type of surface on which the

cheerleader was performing, type of maneuver being
attempted, or the interaction of these variables. Schulz et
al6 reported that the most common mechanisms of injury
for competitive North Carolina high school cheerleaders
were falls from heights (25%) and contact with another
cheerleader (25%). Mueller and Cantu8 described 59
catastrophic cheerleading injury cases. In 31 cases, the
word fall was included in the description of the injury
event, and a fall was implied as the mechanism of injury for
13 other cases. Only 3 of the 59 cases specifically described
the surface on which the cheerleader landed (ie, damp
grass, wet artificial turf, or hard rubberized basketball
court). Boden et al9 described 29 catastrophic cheerleading
injuries and included the type of maneuver and surface on
which the cheerleader was performing, but they did not
consistently associate the mechanism of injury, type of
surface, and maneuver in each description. In some cases,
the description of the surface was vague (eg, ‘‘hard gym
surface’’ or ‘‘hard ground’’).

The goal of our study was to describe the epidemiology
of cheerleading fall-related injuries sustained by US
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cheerleaders during a 1-year period (2006–2007). We
describe these injuries by type of cheerleading team and
event.

METHODS

Cheerleading RIO (Reporting Information Online; The
Research Institute at Nationwide Children’s Hospital,
Columbus, OH), an Internet-based injury surveillance
system for collecting cheerleading exposure and injury
data, was described in detail previously.2 Briefly, all
cheerleading teams with a designated reporter were eligible
to participate. Using Cheerleading RIO, data were
collected for a 1-year period: June 5, 2006, through June
3, 2007 (52 weeks). A reportable injury was defined as an
injury that met all 3 of the following criteria: (1) it occurred
as a result of participation in an organized cheerleading
practice, pep rally, athletic event, or cheerleading compe-
tition; (2) it prevented the injured cheerleader from
participating in cheerleading for the remainder of that
practice, pep rally, athletic event, or cheerleading compe-
tition or for a longer period of time; and (3) it required the
injured cheerleader to seek medical attention. Medical
attention was defined as treatment meeting all 4 of the
following criteria: (1) provided at the scene or at a medical
facility, (2) administered at the time of the injury or at a
later date (no more than 2 weeks after the injury event), (3)
required as a result of the injury, and (4) administered by a
certified athletic trainer, person trained in first aid,
emergency medical technician, nurse, nurse practitioner,
physician assistant, or physician. Athletic events were
defined as sporting events during which cheerleading teams
performed, such as football and basketball games.

For the present study, a subset of the data collected from
Cheerleading RIO, consisting of fall-related injuries
sustained by cheerleaders on US cheerleading teams, was
analyzed. One fall-related injury case was deleted because it
occurred while the cheerleader was running on bleachers
during practice and fell onto concrete. We defined the
categories of tumbling as handsprings, layouts, tucks or
flips, and miscellaneous tumbling. Stunts were categorized
as basket tosses, cradles, elevators, extensions, pyramids,
single-based stunts, single-leg stunts, transitions, stunt-
cradle combinations, and miscellaneous stunts. Definitions
of these maneuvers are available at https://secure.usasf.
net/Documents/Rules/Cheer%2008-09/USASFGlossary0809.
pdf.

Data Analysis

Data were analyzed using SPSS (version 15.0; SPSS Inc,
Chicago, IL). Statistical analyses included calculation of
rate ratios (RRs) with 95% confidence intervals (CIs) and
Fisher exact tests. The level of significance for all statistical
tests was a 5 .05. Descriptive statistics included all US fall-
related injuries, including multiple injury events for the
same cheerleader, during the 1-year study.

Injury rates, defined as the number of injuries divided by
the number of athlete-exposures, were calculated overall
and by type of cheerleading team. The 95% CI for each
injury rate was calculated using the method described by
Knowles et al.10 The exposure data were presented in a
previous manuscript.2 An athlete-exposure (AE) was

defined as 1 cheerleader participating in 1 cheerleading
event.

Ethical Consideration

This study was approved by the institutional review
board at the authors’ institution. We were granted a waiver
of the informed consent/assent requirement under the
Institutional Review Board Latitude to Approve a Consent
Procedure that Alters or Waives Some or All of the
Elements of Consent (146.116).2

RESULTS

Sample Description

Fall-related injuries accounted for 14% (79/567) of the
injuries reported to Cheerleading RIO during the study.
These injuries were sustained by 77 cheerleaders on 56 of
the 412 (14%) teams that participated in the study. Injured
cheerleaders ranged in age from 6 to 27 years (mean 5 15.5
6 3.1 years, median 5 16 years), and 96% (76/79) were
female. Two cheerleaders sustained 2 fall-related injuries
each. Characteristics of the injured cheerleaders are
presented in Table 1. Team categories were All Star,
college, high school, middle school, and elementary school.
All Star teams included participants of all ages and were
generally under the direction of cheerleading or gymnastic
gyms, were strictly competitive teams (did not support
another athletic team), and had rules that were different
than those for school teams.2

Table 1. Characteristics of Injured Cheerleaders

n (%)

Team type

All Star 18 (22.8)

College 16 (20.3)

High school 40 (50.6)

Middle school 3 (3.8)

Elementary school 2 (2.5)

Recreation league 0 (0.0)

Total 79 (100.0)

Experiencea

6 mo or less 2 (2.5)

7–12 mo 9 (11.4)

2 y 9 (11.4)

3 y 14 (17.7)

4 y 15 (19.0)

5 y or longer 30 (38.0)

Total 79 (100.0)

Conditioning/strength buildingb

Daily 9 (11.5)

2 to 3 times/wk 46 (59.0)

Weekly 18 (23.1)

Monthly 2 (2.6)

Neverc 3 (3.8)

Total 78 (100.0)

a Length of time injured cheerleader had been participating in

cheerleading.
b Frequency with which the injured cheerleader participated in condi-

tioning and strength-building activities; unknown for 1 cheerleader.
c Never was cited by 1 All Star, 1 middle school, and 1 elementary

school cheerleader.
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Description of Injury Event

Seventy-eight percent (62/79) of the falls occurred
indoors, and none of those that occurred outdoors
involved extreme heat, extreme cold, or gusty winds. Most
of the injury events occurred during practices (85%, 67/79),
and the coach was present and actively supervising the
execution of the maneuver in 75% (59/79) of the injury
events (Table 2). Spotters were actively spotting the
execution of the maneuver in 62% (49/79) of the injury
events. The number of spotters ranged from 1 to 6 (mean 5
2.3 6 1.2, median 5 2.0). The presence of spotters, who
were actively spotting the execution of the maneuver, was
not significantly associated with a decrease in the number

of serious injuries sustained (concussions or closed head
injuries [CHIs]; fractures; dislocations; and cartilage,
ligament, or tendon tears).

Most of the falls occurred when the injured cheerleader
was attempting a stunt or pyramid (89%, 70/79), and single-
leg stunts accounted for 28% (22/79) of the injuries (Table 2).
At the time of injury, 38% (29/79) of the cheerleaders were
performing on a traditional foam floor (Table 2). During
one of the injury events, the injured cheerleader was
performing on a TumblTrak (Mount Pleasant, MI) (photo
at http://www.tiffinmats.com/Products/tumble_trak.html)
and fell onto concrete. Fall heights ranged from 1 to 11 ft
(0.30–3.35 m)(mean 5 4.7 6 2.0 ft [1.43 6 0.61 m], median
5 5.0 ft [1.52 m]). All fall heights were estimated based on

Table 2. Description of Injury Event by Team Type

All Star College High School Middle School

Elementary

School Total

n (%) n (%) n (%) n (%) n (%) n (%)

Event

Practice 17 (94.4) 12 (75.0) 34 (85.0) 2 (66.7) 2 (100.0) 67 (84.8)

Pep rally 0 (0.0) 1 (6.2) 1 (2.5) 0 (0.0) 0 (0.0) 2 (2.6)

Athletic event 0 (0.0) 2 (12.5) 2 (5.0) 1 (33.3) 0 (0.0) 5 (6.3)

Cheerleading competition 1 (5.6) 1 (6.3) 3 (7.5) 0 (0.0) 0 (0.0) 5 (6.3)

Total 18 (100.0) 16 (100.0) 40 (100.0) 3 (100.0) 2 (100.0) 79 (100.0)

Coach presence and supervision

Coach present, actively supervising 12 (66.7) 10 (62.5) 33 (82.5) 2 (66.7) 2 (100.0) 59 (74.7)

Coach present, not actively supervising 6 (33.3) 5 (31.3) 6 (15.0) 0 (0.0) 0 (0.0) 17 (21.5)

Coach present, supervision unknown 0 (0.0) 0 (0.0) 1 (2.5) 0 (0.0) 0 (0.0) 1 (1.3)

Coach not present 0 (0.0) 1 (6.2) 0 (0.0) 1 (33.3) 0 (0.0) 2 (2.5)

Total 18 (100.0) 16 (100.0) 40 (100.0) 3 (100.0) 2 (100.0) 79 (100.0)

Maneuver attempted

Stunt/pyramid

Cradle 1 (5.6) 1 (6.2) 3 (7.5) 1 (33.3) 0 (0.0) 6 (7.6)

Elevator 2 (11.1) 0 (0.0) 2 (5.0) 0 (0.0) 0 (0.0) 4 (5.1)

Extension 2 (11.1) 3 (18.8) 0 (0.0) 1 (33.3) 0 (0.0) 6 (7.6)

Miscellaneous stunt 0 (0.0) 4 (25.0) 3 (7.5) 1 (33.4) 0 (0.0) 8 (10.1)

Pyramid 1 (5.6) 3 (18.8) 1 (2.5) 0 (0.0) 0 (0.0) 5 (6.3)

Single-based stunt 1 (5.6) 1 (6.2) 2 (5.0) 0 (0.0) 0 (0.0) 4 (5.1)

Single-leg stunt 7 (38.9) 1 (6.2) 14 (35.0) 0 (0.0) 0 (0.0) 22 (27.8)

Stunt/cradle combo 1 (5.5) 1 (6.3) 5 (12.5) 0 (0.0) 0 (0.0) 7 (8.9)

Transition 0 (0.0) 2 (12.5) 3 (7.5) 0 (0.0) 0 (0.0) 5 (6.3)

Basket toss 1 (5.5) 0 (0.0) 2 (5.0) 0 (0.0) 0 (0.0) 3 (3.8)

Tumbling

Handspring 1 (5.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (50.0) 2 (2.5)

Layout 0 (0.0) 0 (0.0) 1 (2.5) 0 (0.0) 0 (0.0) 1 (1.3)

Miscellaneous tumbling 0 (0.0) 0 (0.0) 1 (2.5) 0 (0.0) 0 (0.0) 1 (1.3)

Tuck/flip 1 (5.6) 0 (0.0) 0 (0.0) 0 (0.0) 1 (50.0) 2 (2.5)

Dancing 0 (0.0) 0 (0.0) 3 (7,5) 0 (0.0) 0 (0.0) 3 (3.8)

Total 18 (100.0) 16 (100.0) 40 (100.0) 3 (100.0) 2 (100.0) 79 (100.0)

Performing surface

Accordion mat 0 (0.0) 0 (0.0) 2 (5.0) 0 (0.0) 0 (0.0) 2 (2.5)

Artificial turf 0 (0.0) 2 (12,5) 0 (0.0) 0 (0.0) 0 (0.0) 2 (2.5)

Cheer mat 0 (0.0) 0 (0.0) 1 (2.5) 0 (0.0) 0 (0.0) 1 (1.3)

Grass 0 (0.0) 1 (6.2) 10 (25.0) 1 (33.3) 0 (0.0) 12 (15.2)

Rubberized track 0 (0.0) 0 (0.0) 3 (7.5) 1 (33.3) 0 (0.0) 4 (5.1)

Spring floor 10 (55.6) 2 (12.5) 2 (5.0) 0 (0.0) 2 (100.0) 16 (20.2)

Tile/linoleum 0 (0.0) 0 (0.0) 1 (2.5) 0 (0.0) 0 (0.0) 1 (1.2)

Traditional foam floor 7 (38.9) 8 (50.0) 13 (32.5) 1 (33.4) 0 (0.0) 29 (36.7)

Tumbl Traka 1 (5.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.3)

Wood 0 (0.0) 3 (18.8) 1 (2.5) 0 (0.0) 0 (0.0) 4 (5.1)

Wrestling mat 0 (0.0) 0 (0.0) 7 (17.5) 0 (0.0) 0 (0.0) 7 (8.9)

Total 18 (100.0) 16 (100.0) 40 (100.0) 3 (100.0) 2 (100.0) 79 (100.0)

a Mount Pleasant, MI.
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athlete recollection and were not measured distances. High
school cheerleaders were more likely to fall onto grass (P 5
.02, RR 5 4.9, 95% CI 5 1.1, 20.8) and All Star cheerleaders
were more likely to fall onto a spring floor (P , .01, RR 5
5.6, 95% CI 5 2.4, 13.4) than were cheerleaders on other
types of teams.

Forty-three percent (34/80) of the falls involved more
than 1 cheerleader. The specific mechanisms of injury for
these falls were as follows: the injured cheerleader landed
on another cheerleader (47%, 16/34); another cheerleader
landed on the injured cheerleader (18%, 6/34); another
cheerleader served as the base for the injured cheerleader
(12%, 4/34); another cheerleader landed on the injured
cheerleader, pinning the injured cheerleader underneath
(6%, 2/34); the injured cheerleader was being caught by
another cheerleader(s) (6%, 2/34); the injured cheerleader
provided the base for another cheerleader (3%, 1/34);
another cheerleader landed on the injured cheerleader at
the same time that the injured cheerleader landed on a third
cheerleader (3%, 1/34); and the mechanism of injury was
unknown for the remaining 2 cases (6%, 2/34).

Injuries Sustained

Strains and sprains accounted for 54% (43/79) of the
injuries, and the lower extremity was injured most often
(30%, 24/79). Ankle (18%, 14/79) and neck (13%, 10/79)
strains and sprains were the 2 most common injuries
sustained. Collegiate cheerleaders were more likely to

sustain a concussion or CHI (P , .01, RR 5 15.8, 95%
CI 5 1.9, 131.4) or a dislocation (P 5 0.01, RR 5 7.9, 95%
CI 5 1.6, 39.2) than were cheerleaders on other types of
teams. The Figure presents the body region injured and
type of injury, by team type, for All Star, collegiate, and
high school cheerleaders. The injuries sustained by the 3
middle school cheerleaders were an abrasion, contusion, or
hematoma of the sacrum/coccyx region; a wrist strain or
sprain; and a neck strain or sprain. One of the 2 elementary
school cheerleaders sustained a blow to the head, with no
visible injury, only pain. The other sustained an ankle
strain or sprain.

Summary statistics for fall height by body part, injury
type, maneuver attempted, surface landed on, and all fall-
related injuries combined are presented in Table 3. Average
fall heights ranged from 4.0 ft (1.22 m) for upper extremity
injuries to 5.3 ft (1.52 m) for head and face injuries.
Fractures were sustained at an average fall height of 2.5 ft
(0.76 m), whereas cartilage, ligament, or tendon tears were
sustained at 7.5 ft (2.29 m) and concussions or CHIs at
6.7 ft (2.04 m). Cheerleaders injured while attempting
extensions and single-leg stunts fell from an average of
6.0 ft (1.83 m); tumblers were injured during falls from as
low as 1 ft (0.30 m). Injuries sustained while practicing or
performing on concrete occurred at an average fall height
of 2.0 ft (0.61 m); the highest average fall height was
documented for artificial turf (5.8 ft [1.77 m]).

The injury events associated with concussions or CHIs,
dislocations, fractures, and anterior cruciate ligament
(ACL) tears are described in Table 4. Four of 5 concus-
sions or CHIs were sustained by collegiate cheerleaders
attempting single-based and single-leg stunts. Five of 6
dislocations were sustained during practice sessions, and 4
of the 6 were sustained by collegiate cheerleaders. All
dislocations were sustained while attempting stunts, and
half were sustained on a traditional foam floor. Two
fractures were sustained, both during practice and both
while attempting a stunt. Two ACL tears were sustained: 1
while practicing on a wood floor and 1 while competing on
a traditional foam floor.

Only 6% (5/79) of the fall-related injuries were reinjuries.
Of these 5 reinjuries, the previous injury was related to
cheerleading in 4 cases (80%, 4/5). The 5 reinjuries
consisted of 2 ankle strains or sprains, 1 elbow dislocation,
1 shoulder dislocation, and 1 preexisting condition
(spondylolysis).

Injury Rates

The injury rates per 100 000 AEs for falls, by team type,
were as follows: All Star, 9.3 (95% CI 5 5.0, 13.6); college,
29.0 (95% CI 5 14.9, 43.1); high school, 14.7 (95% CI 5
10.2, 19.2); middle school, 7.6 (95% CI 5 0.0, 16.2); and
elementary school, 146.2 (95% CI 5 0.0, 348.9). The over-
all injury rate per 100 000 AEs was 13.3 (95% CI 5 10.4,
16.2).

Medical Treatment, Hospital Admission, Surgery, and
Physical Therapy

Thirty-four percent (27/79) of the injured cheerleaders
were treated at the scene, 28% (22/79) at a hospital
emergency department, 25% (20/79) at a doctor’s office,
8% (6/79) at the athletic trainer’s office, and 5% (4/9) at an

Figure. Cheerleading fall-related injuries in the United States,
2006–2007, according to Cheerleading RIO (Reporting Information
Online). A, Body part injured, and B, type of injury by team type. All
Star: n = 18; college: n = 16; high school: n = 40. Other includes
diaphragm spasm (‘‘having the wind knocked out’’), spondylolysis,
and pain. Abbreviation: ACL, anterior cruciate ligament. Note:
Middle and elementary school teams were not included in this
figure because of small sample sizes.
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urgent care center. Two of the injured cheerleaders (2%, 2/
79) were admitted to the hospital. One of these cheerleaders
was admitted for a torn ACL and the other for a dislocated
shoulder. Three of the injured cheerleaders (4%, 3/79)
required surgery. Two of the 3 had torn ACLs, and the
third had a dislocated elbow. Physical therapy was required
by 13 (16%, 13/79) of the injured cheerleaders.

Time Lost

Thirty-four (43%, 34/79) of the injured cheerleaders were
able to resume participation in cheerleading at the next
practice or performance. The others were medically
prohibited from participating in cheerleading for the rest
of her career (1%, 1/79), the rest of the season (5%, 4/79),
and a specified number of days (51%, 40/79). For those

cheerleaders who were prohibited from participating in
cheerleading for a specified number of days (n 5 40), the
total number of days of cheerleading participation lost as a
result of fall-related injuries was 739 days (mean 5 18.5 6
23.1, median 5 10). The number of days lost by team type
was as follows: All Star, 133 days (mean 5 19.0 6 18.0,
median 5 10); college, 295 days (mean 5 29.5 6 40.9,
median 5 12); high school, 279 days (mean 5 14.7 6 10.1,
median 5 14); middle school, 25 days (mean 5 8.3 6 5.1,
median 5 7); and elementary school, 7 days (n 5 1).

DISCUSSION

This is the first study to focus on the epidemiology of
cheerleading fall-related injuries. Although fall-related
injuries accounted for only 14% (79/567) of the injuries

Table 3. Fall Height (ft) by Body Part, Injury Type, Maneuver Attempted, Surface Landed On, and Overalla

n Mean SD Minimum Median Maximum

Body part

Head or face 13 5.3 2.1 2.0 5.5 11.0

Neck 12 4.2 1.8 1.0 4.8 7.0

Upper extremity 11 4.0 1.2 3.0 5.0 7.0

Lower extremity 24 4.5 2.3 1.0 4.8 9.0

Trunk 19 4.8 2.0 1.5 5.0 10.0

Injury type

Cartilage, ligament, or tendon tear 2 7.5 2.1 6.0 7.5 9.0

Concussion or closed head injury 5 6.7 2.4 5.0 6.0 11.0

Dislocation 6 4.7 2.0 1.0 5.0 7.0

Fracture 2 2.5 2.1 1.0 2.5 4.0

Soft tissue injuryb 17 4.5 1.4 2.0 4.5 6.0

Strain or sprain 43 4.4 1.9 1.0 5.0 9.0

Otherc 4 6.2 2.6 4.0 5.5 10.0

Maneuver attempted

Basket toss 3 4.3 2.9 1.0 6.0 6.0

Cradle 6 5.4 1.1 4.0 5.5 7.0

Dancing 3 2.3 1.2 1.0 3.0 3.0

Elevator 4 3.2 1.0 2.0 3.5 4.0

Extension 6 6.1 2.6 3.0 5.8 11.0

Handspring 2 3.0 1.4 2.0 3.0 4.0

Layout 1 4.5 N/A 4.5 4.5 4.5

Miscellaneous stunt 8 4.1 1.1 3.0 4.0 5.5

Miscellaneous tumbling 1 1.0 N/A 1.0 1.0 1.0

Pyramid 5 3.8 1.8 2.0 4.5 6.0

Single-based stunt 4 5.6 1.1 4.5 5.5 7.0

Single-leg stunt 22 6.0 1.5 4.0 5.8 10.0

Stunt/cradle combo 7 4.7 2.3 1.0 6.0 7.0

Transition 5 3.8 1.7 1.5 4.0 6.0

Tuck/flip 2 1.5 0.7 1.0 1.5 2.0

Landing surface

Artificial turf 2 5.8 0.4 5.5 5.8 6.0

Concrete 1 2.0 N/A 2.0 2.0 2.0

Grass 12 4.6 1.8 1.0 5.0 7.0

Matd 10 4.0 1.8 1.0 4.8 6.0

Rubberized track 4 4.5 1.9 2.0 5.0 6.0

Spring floor 17 5.2 2.2 1.0 5.0 10.0

Tile or linoleum 1 3.0 N/A 3.0 3.0 3.0

Traditional foam floor 29 4.8 2.2 1.0 5.0 11.0

Wood 3 5.3 0.6 5.0 5.0 6.0

Overall 79 4.7 2.0 1.0 5.0 11.0

a To convert ft to m, multiply by 0.3048.
b Includes abrasion, contusion, hematoma, crush, pinch, friction burn, laceration, and puncture.
c Includes diaphragm spasm, spondylolysis, and pain.
d Includes cheer mat, accordion mat, and wrestling mat.
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reported to Cheerleading RIO by US cheerleading teams
during the 1-year study and 25% of the injuries to North
Carolina competitive high school cheerleaders,6 these
injuries have the potential to be catastrophic. As described
previously, Mueller and Cantu8 published a description of
59 catastrophic cheerleading-related injury cases; 44 of
these (75%) occurred as a result of a fall. Head injuries
were sustained in 24 of these falls, 2 of which resulted in
death. Four of the 59 cases involved cheerleaders who were
tossed in the air and not caught by their teammates. In one
case, a cheerleader sustained a fractured collarbone,
damaged eardrum, and basilar skull fracture while
practicing a pyramid 6 ft (1.83 m) above the gym floor
with no spotters.

Pyramids and partner stunts accounted for 89% (70/79)
of the fall-related injuries in the present study and 56% of
the injuries in the study by Schulz et al.6 In our study, the
maximum fall height was 11 ft (1.52 m); however, fall
heights of 15 and 20 ft (4.57 and 6.10 m) have been
reported.6,8,9 Macarthur et al11 found that the risk of severe
injury increased 2-fold for falls from more than 4.9 ft
(1.49 m), and Laforest et al12 reported that the risk of
severe injury was 1.5 times greater for falls from
playground equipment higher than 6.6 ft (2 m). The
recommended maximum height for playground equipment
ranges from 4.9 ft (1.5 m)13,14 to 6.6 ft (2 m).12 Fall heights
of more than 2 ft (0.6 m) pose a significant risk for wrist
fracture15; arm fracture risk is greatest for fall heights
above 3.3 ft (1 m)14; and fall height is an important
consideration when assessing the risk of sustaining a fatal
head injury.16

In the study by Boden et al,9 the type of surface on which
the injured cheerleader was performing was known for 74%
(29/39) of the catastrophic injury cases described. In 21 of
these 29 cases (72%), a hard, non–impact-absorbing
surface was involved (asphalt, concrete, or a ‘‘hard gym
surface’’). In our study, 6% of the falls (5/79) occurred
while the injured cheerleader was performing on a hard
surface (wood, tile, or linoleum). In one case, a cheerleader
was performing on an impact-absorbing surface (Tumbl
Trak) but fell off onto a concrete floor.

Falls onto an impact-absorbing surface are less likely to
cause serious injury than are falls onto a hard surface. The
potential for life-threatening head-impact injuries can be
minimized by increasing the shock-absorbing capacity of
the surface and decreasing the height from which the
person falls.17 Bare earth, grass, asphalt, and concrete are
categorized as non–impact-absorbing surfaces,11 yet
Hutchinson4 recommended that cheerleaders practice on
grass rather than a hard gym floor. In the present study, 12
cheerleaders were injured when they fell onto a grass
surface. Further research is needed to determine cheer-
leading-related injury rates associated with surfaces rou-
tinely used by cheerleaders during practices and perfor-
mances.

In accordance with the American Society for Testing and
Materials (ASTM), guideline F1292-04, ‘‘Standard Speci-
fication for Impact Attenuation of Surfacing Materials
Within the Use Zone of Playground Equipment,’’17 Shields
and Smith18 used a Triax 2000 (Alpha Automation,
Trenton, NJ) to perform impact-attenuation tests on
numerous surfaces on which cheerleaders routinely practice
and perform and determined the critical height (maximum

height below which a life-threatening head injury is not
likely to occur) for each surface. In the current study, the
most serious head injury sustained was a concussion or
CHI. All 5 of the concussions or CHIs (100%) in the
present study occurred during a fall from a height above
the critical height for the surface upon which the
cheerleader was performing at the time of injury.

One forearm fracture was sustained in the present study,
and it occurred at a height of 4 ft (1.22 m), which was
above the fall height at which the risk for arm fractures is
greatest (3.3 ft [1.01 m])14 and at the critical height for the
surface upon which the cheerleader was performing.
Although the critical height is specifically related to the
risk for a serious head injury, 80% (12/15) of the most
serious types of injuries sustained by cheerleaders in our
study occurred at or above the critical height for the
surface on which the cheerleader was performing at the
time of injury: concussion or CHI (100%, 5/5), dislocation
(67%, 4/6), fracture (50%, 1/2), and ACL tear (100%, 2/2).

One major factor must be considered when using critical
height data to assess the suitability of a surfacing material
for use while performing a particular type of cheerleading
maneuver: all of the Triax 2000 test results assume a
straight vertical fall onto the surface. As the results of our
study clearly show, cheerleading-related falls frequently
involve collisions with other cheerleaders on the way down,
before the injured cheerleader strikes the surfacing
material. These collisions may decrease the velocity at
which the cheerleader hits the surface. Future authors need
to examine these types of situations and determine their
effect on the probability of injury.

Additional research is needed to determine the critical
height for injuries other than serious head injuries. Two
studies14,15 were conducted to determine the critical height
for arm fractures resulting from impact forces during falls.
Another group19 determined that preventing playground
fall-related arm fracture requires surface impact-attenua-
tion guidelines that are distinct from head injury–preven-
tion guidelines. In a different study,20 the investigators used
a multidisciplinary approach to identify and quantify risk
and protective factors for arm fracture resulting from falls
from playground equipment. Test-dummy experiments
have been used to assess pediatric injury risk in simulated
short-distance falls,21 and Bertocci et al22 examined the
influence of fall height and impact surface on the
biomechanics of feet-first free falls among children. None
of these authors presented conclusive data. However, until
more definitive data are available, it seems prudent to limit
the fall height during cheerleading maneuvers to less than
the critical height (as defined by ASTM standard F1292-
0416) for the surface upon which the maneuver is being
performed.18

Our study has several limitations. First, the sample size
was small. Second, fall heights reported in this study are
estimates made by the team coach or injured cheerleader
(or both) and were not actually measured. Third, teams
participating in this study were not selected based on a
probability sample as a result of the lack of a comprehen-
sive/authoritative list (sampling frame) of all cheerleading
teams in the United States; therefore, the study results may
not be generalizable to all cheerleading teams in the United
States.2 In addition, because cheerleading coaches in the
United States are not required to maintain an injury log or
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submit injury reports to state agencies, a source for cross-
checking the accuracy of the injury data reported to
Cheerleading RIO was not available. Last, we did not
collect exposure data regarding the surfaces on which
cheerleaders practiced and performed. This information
would have provided additional insight into the association
of surface type with serious injury.

CONCLUSIONS

Cheerleading-related falls may result in catastrophic
injuries and even death. Most of the serious injuries in the
present study were sustained on artificial turf, grass,
traditional foam floors, or wood floors from fall heights
ranging from 4 to 11 ft (1.22–1.52 m). Approximately half
(51%) of the fall-related injuries were sustained by high
school cheerleaders, and 89% of the fall-related injuries
were sustained while the cheerleader was attempting a stunt
or pyramid. The risk for serious injury increased as fall
height increased or as the impact-absorbing capacity of the
surfacing material decreased (or both). The incidence of
cheerleading fall-related injuries may be decreased by
requiring cheerleaders to perform maneuvers on appropri-
ate impact-absorbing surfaces at heights that do not exceed
the critical height for that surface (as defined by ASTM
F1292-0417).18
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