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Background: Cheerleading is a specialized athletic activity that can lead to catastrophic injuries. Cheerleading rules are in 
place to maximize safety of participants. The purpose of this study was to describe catastrophic cheerleading injuries among 
high school and collegiate-level participants in the United States and to explore whether the 2006-2007 basket toss rule 
change was effective at reducing the number of catastrophic injuries.

Hypothesis: The 2006-2007 basket toss rule change contributed to a reduction in the number of catastrophic injuries 
among high school and collegiate cheerleaders.

Study Design: Case series.

Level of Evidence: Level 4.

Methods: Data on catastrophic cheerleading injuries were collected by the National Center for Catastrophic Sport Injury 
Research from July 2002 to June 2017. Information collected included cheerleader, event, and injury characteristics. The 
impact of the 2006-2007 rule change banning the basket toss on any hard surfaces was assessed by comparing injury rates 
and 95% CIs before and after the rule change.

Results: There were 54 catastrophic cheerleading injuries, or 3.6 injuries per year. From July 2002 through June 2017, the injury 
rate was 2.12 per 1,000,000 cheerleaders (95% CI, 1.56-2.69). Most cheerleaders sustained serious injuries (n = 27; 50%) during 
practice (n = 37; 69%) to the head (n = 28; 52%) and cervical spine (n = 17; 32%). From July 2002 through June 2017, basket 
tosses were the stunt that accounted for the highest proportion of injuries (n = 19; 35%). The basket toss injury rate decreased 
from 1.55 to 0.40 per 1,000,000 cheerleaders among both high school and collegiate cheerleaders after the rule change.

Conclusion: Catastrophic injury rates in cheerleading decreased dramatically after the 2006-2007 rule change banning 
basket tosses from being performed on any hard surfaces. In particular, there was a nearly 4-fold reduction in the rate of 
catastrophic basket toss injuries.

Keywords: injury prevention; epidemiology; head injuries/concussion; cervical spine; cheerleading

From †Prevention Research Center, Berkeley, California, ‡School of Public Health, University of California, Berkeley, Berkeley, California, §UNC Chapel Hill, National Center for 
Catastrophic Sport Injury Research, Chapel Hill, North Carolina, ||The Orthopaedic Center, a Division of Centers for Advanced Orthopaedics, Rockville, Maryland, ¶Emerson 
Hospital, Concord, Massachusetts, #Boston University, Boston, Massachusetts, **USA Cheer, Memphis, Tennessee, and ††Department of Exercise and Sports Science, UNC 
Chapel Hill, Chapel Hill, North Carolina 
*Address correspondence to Rebecca K. Yau, PhD, Prevention Research Center, 2150 Shattuck Avenue, Suite 601, Berkeley, CA 94704-1365 (email: ryau@prev.org).
The following authors declared potential conflicts of interest: Rebecca K. Yau, PhD, was supported by grant number T32AA014125 from the National Institute on Alcohol Abuse 
and Alcoholism of the National Institutes of Health. The National Center for Catastrophic Sport Injury Research is funded by the following organizations: the American Football 
Coaches Association, the National Athletic Trainers’ Association, the National Collegiate Athletic Association, the National Federation of State High School Associations, the 
National Operating Committee on Standards for Athletic Equipment, and the American Medical Society for Sports Medicine.
DOI: 10.1177/1941738118807122
© 2018 The Author(s)

https://doi.org/10.1177/1941738118807122


SPORTS HEALTHvol. 11 • no. 1

33

Cheerleading is a specialized athletic activity involving 
complex routines and stunts (eg, basket toss) that can 
also lead to life-threatening injuries. From 1990 through 

2012, a total of 500,000 children aged 5 to 18 years were treated 
in US emergency departments for cheer-related injuries.12 A 
prior study reviewing catastrophic cheerleading injuries from 
1982 to 2002 reported an average of 1.95 injuries per year 
among high school and collegiate cheerleaders; basket tosses 
accounted for 21% of injuries.2

Cheerleading rules maximize the safety of participants and are 
written and enforced by different organizations in the United 
States. At the high school level, cheerleading rules are written 
by the National Federation of State High School Associations 
(NFHS) and the American Association of Cheerleading Coaches 
and Administrators (AACCA) but are adopted and enforced by 
individual states’ associations. At the college level, the National 
Collegiate Athletic Association does not write cheerleading rules 
and defers to AACCA rules. Since 2002, key rule changes have 
been implemented by the AACCA and NFHS. Most notably, 
starting in the 2006-2007 academic year, basket tosses on hard 
surfaces (eg, basketball courts) were banned for both high 
school and college cheerleading.13

The purpose of this study was to describe catastrophic 
cheerleading injuries from 2002 to 2017 for high school and 
collegiate-level participants and to explore the effect of the new 
basket toss rule implemented at the beginning of the 2006-2007 
academic year on catastrophic cheerleading injuries. We 
hypothesized that the new basket toss rule reduced the 
incidence of catastrophic cheerleading basket toss injuries.

Methods

All study procedures were approved by the institutional review 
board at the University of North Carolina at Chapel Hill. Since 
1982, the National Center for Catastrophic Sport Injury Research 
(NCCSIR) has conducted surveillance of catastrophic injuries 
related to participation in organized sports in the United States; 
this methodology has been described previously.7 Briefly, 
catastrophic injuries were identified through online media 
reports and reports from coaches, athletic trainers, athletic 
directors, and officers of state and national sport organizations.7 
Direct (ie, traumatic) catastrophic injuries were those resulting 
from participating in skills related to the sport7 and were 
classified into categories of severity: serious (severe injuries 
without permanent functional disability), nonfatal (severe 
injuries with permanent functional disability), and fatal (injuries 
resulting in death).2,7

For the present study, catastrophic cheerleading injury data 
were collected by the NCCSIR from July 1, 2002, through June 30, 
2017. Additionally, from 2008 through 2012, catastrophic 
cheerleading injuries identified by the National Cheer Safety 
Foundation (NCSF) were shared with the NCCSIR.10,11 
Furthermore, to improve overall capture of catastrophic 
cheerleading injuries, NCCSIR developed an online portal 
(https://www.sportinjuryreport.org) where catastrophic injuries 

can be reported. The portal was activated in January 2015.6 
Cheerleading injuries were reported by academic year; an 
academic year spanned from July 1 through June 30. Information 
collected included cheerleader characteristics (sex, level of 
participation, position at the time of injury), event characteristics 
(setting, month of injury, activity performed at time of event), and 
injury characteristics (body part injured, type of ailment, severity).

Annual estimates of US cheerleader participation divided by 
age categories were obtained from Sports Market Analytics 
(SMA).19 For this study, participation for those aged 12 to 17 and 
18 to 24 years served as estimates for high school and college 
cheerleading participation, respectively. SMA calculated 
participation estimates for the years 2001, 2004, 2005, 2006, 
2008, and 2011 through 2016. We inputed participation for the 
missing years by assuming a constant change in participation 
during missing years. To assess impacts of the basket toss rule 
change implemented by the AACCA at the beginning of the 
2006-2007 academic year, we calculated injury incidence rates, 
rate differences (comparing post–rule change with pre–rule 
change), and 95% CIs per 1,000,000 participants. To account for 
a potential lag in effect of the rule change, we used 3 different 
categorizations of time periods:

1. No lag: pre–rule change was 2002-2003 through 2005-2006 
and post–rule change was 2006-2007 through 2016-2017

2. 1-year lag: pre–rule change was 2002-2003 through 
2006-2007 and post–rule change was 2007-2008 through 
2016-2017

3. 2-year lag: pre–rule change was 2002-2003 through 
2007-2008 and post–rule change was 2008-2009 through 
2016-2017

Injury rate differences and 95% CIs were also separately 
explored for high school and college athletes. We also looked 
exclusively at basket toss injuries.

Results

From July 2002 through June 2017, there were 54 catastrophic 
cheerleading injuries (3.6 injuries per year) among high school 
and collegiate participants. Cheerleader, event, and injury 
characteristics stratified by level (high school vs college) and 
injury severity are presented in Tables 1 and 2, respectively.

For basket tosses, injuries were most commonly sustained to 
the head (9/19; 47%) and cervical spine (5/19; 26%). For 
tumbling/floor routines, most injuries were sustained to the 
cervical spine (6/7; 86% [1 injury to the head]). For pyramids, 
most injuries were sustained to the head (4/6; 67% [1 injury to 
the cervical spine, 1 injury to another location on the spine]).

The annual count of catastrophic injuries is presented in 
Figure 1. The overall rate (95% CI) was 2.12 (1.56-2.69) per 
1,000,000 (2.32 [1.63-3.01] and 1.88 [0.86-2.91]) for high school 
and college, respectively. The annual injury rate ranged from 
0.00 to 7.48 and 0.00 to 7.39 per 1,000,000 for high school and 
collegiate cheerleaders, respectively (Figure 2).
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Table 1. Catastrophic traumatic injuries by sport level, July 2002-June 2017

Level

Total (N = 54)College (n = 13) High School (n = 41)

n Column % n Column % n Column %

Sex  

 Female 12 92 40 98 52 96

 Male 1 8 1 2 2 4

Injury month  

 January–March 9 69 13 32 22 41

 April–June 0 0 6 15 6 11

 July–September 1 8 6 15 7 13

 October–December 3 23 16 39 19 35

Injury severity  

 Serious 8 62 19 46 27 50

 Nonfatal 5 38 19 46 24 44

 Fatal 0 0 1 2 1 2

 Unknown 0 0 2 5 2 4

Body part injured  

 Brain/head 6 46 22 54 28 52

 Cervical spine 6 46 11 27 17 32

 Othera 0 0 4 10 4 7

 Other spine 1 8 4 10 5 9

Position  

 Base 0 0 4 10 4 7

 Flyer 10 77 28 68 38 70

 Tumbler 2 15 6 15 8 15

 Unknown 1 8 3 7 4 7

Activity  

 General play 0 0 1 2 1 2

 Basket toss 5 38 14 34 19 35

 Pyramid 2 15 4 10 6 11

 Any other team formation involving  
 3+ persons

2 15 6 15 8 15

 Two-person stunt (eg, shoulder stand) 2 15 3 7 5 9

(continued)
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Level

Total (N = 54)College (n = 13) High School (n = 41)

n Column % n Column % n Column %

 Tumbling and floor routine 2 15 5 12 7 13

 Other 0 0 6 15 6 11

 Unknown 0 0 2 5 2 4

Type of ailment  

 Fracture 8 62 21 51 29 54

 Traumatic brain injury 3 23 10 24 13 24

 Otherb 1 8 6 15 7 13

 Unknownc 1 8 4 10 5 9

Event  

 Competition 5 38 9 22 14 26

 Practice 8 62 29 71 37 69

 Other 0 0 1 2 1 2

 Unknown 0 0 2 5 2 4

aAmong 4 injuries occurring outside of the brain/head or spine, 2 were to the coccyx, and the remaining 2 were to the heart and spleen.
bAmong 7 injuries due to other types of injury, 2 were due to contusions to the neck or spinal cord, 1 was a nerve injury, 1 was due to commotio cordis,  
1 was due to a spleen rupture, and 2 were due to other unspecified trauma.
cAmong 5 unknown injury types, 4 were to the head and 1 was to the thoracic vertebrae.

Table 1. (continued)

The annual count of basket toss injuries ranged from 0 to 6 
per year (Figure 1). The average annual count of basket toss 
injuries pre– and post–rule change was 3.0 and 0.6, respectively. 
The overall basket toss injury rate (95% CI) was 0.75 (0.41-1.08) 
per 1,000,000 cheerleaders (0.76 [0.36-1.15] and 0.72 [0.09-1.36] 
for high school and college, respectively). The combined basket 
toss injury rate for high school and college athletes was reduced 
by 74% when the comparison started the year after the 
2006-2007 basket toss rule changes. Among high school and 
college cheerleaders, there was a lower rate of basket toss 
injuries when accounting for a potential lag in effect of rule 
changes (see Appendix Table A1, available in the online version 
of this article).

Among high school cheerleaders, there was a lower rate of 
non–basket toss injuries after the rule change (2.74 vs 0.92 per 
1,000,000 [P = 0.02], 2.45 vs 0.86 per 1,000,000 [P = 0.02], and 
2.21 vs 0.87 per 1,000,000 [P = 0.02] for no lag, 1-year lag, and 
2-year lag, respectively). Among college cheerleaders, there was 
not a lower rate of non–basket toss injuries after the rule 
change (0.44 vs 1.52 per 1,000,000 [P = 0.14], 0.37 vs 1.67 per 
1,000,000 [P = 0.08], and 1.28 vs 1.06 per 1,000,000 [P = 0.79] for 
no lag, 1-year lag, and 2-year lag, respectively).

discussion
Basket Toss Injuries

In this 15-year study, basket tosses were the stunt accounting for 
the greatest number of injuries (n = 19). Fourteen of these 
injuries occurred in the study’s first 5 years; none occurred in 
the study’s last 7 years. The basket toss involves 1 cheerleader 
being tossed into the air by multiple people with interlocked 
hands.1 The tossed cheerleader could potentially not be caught 
and subsequently fall to the ground or be caught improperly. At 
the beginning of the fifth year of the study (2006-2007), the 
AACCA implemented a rule limiting the performance of basket 
tosses to mat, grass, or rubberized track surfaces (effectively 
banning this stunt from hard surfaces such as basketball courts). 
The number of catastrophic injuries related to basket tosses 
decreased once this rule change was implemented. It is possible 
that other factors aside from the rule change contributed to a 
decrease in basket toss injuries, as non–basket toss injuries also 
decreased among high school cheerleaders during our study. 
Nonetheless, the significant reduction in both high school and 
college basket toss injuries indicates the rule change was 
effective. Future research should investigate the effectiveness of 
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Table 2. Catastrophic nonfatal catastrophic injuries by severity, July 2002-June 2017

Injury Severitya

TotalSerious Nonfatal

n Row % n Row % n Row %

Sex  

 Female 26 53 23 47 49 100

 Male 1 50 1 50 2 100

Injury month  

 January-March 12 55 10 46 22 100

 April-June 2 33 4 67 6 100

 July-September 4 67 2 33 6 100

 October-December 9 53 8 47 17 100

Event  

 Competition 9 69 4 31 13 100

 Practice 16 46 19 54 35 100

 Other 0 0 1 100 1 100

 Unknown 2 100 0 0 2 100

Level  

 College 8 62 5 38 13 100

 High school 19 50 19 50 38 100

Body part injured  

 Brain/head 12 46 14 54 26 100

 Cervical spine 12 71 5 29 17 100

 Other 1 33 2 67 3 100

 Other spine 2 40 3 60 5 100

Position  

 Base 1 25 3 75 4 100

 Flyer 19 53 17 47 36 100

 Tumbler 6 75 2 25 8 100

 Unknown 1 33 2 67 3 100

Activity  

 General play 1 100 0 0 1 100

 Basket toss 6 33 12 67 18 100

 Pyramid 5 83 1 17 6 100

(continued)
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Injury Severitya

TotalSerious Nonfatal

n Row % n Row % n Row %

 Any other team formation involving 3+ people 2 29 5 71 7 100

 Two-person stunt (eg, shoulder stand) 4 80 1 20 5 100

 Tumbling and floor routine 5 71 2 29 7 100

 Other 3 50 3 50 6 100

 Unknown 1 100 0 0 1 100

Type of ailment  

 Fracture 16 57 12 43 28 100

 Other 3 50 3 50 6 100

 Traumatic brain injury 5 42 7 58 12 100

 Unknown 3 60 2 40 5 100

aThere was 1 fatal injury resulting from a ruptured spleen to a high school–aged flyer who was performing a basket toss.

Table 2. (continued)

this rule change on reducing noncatastrophic basket toss 
injuries, as well as the effect of other rule changes on other 
cheerleading injuries.

Overall Injury Counts

In our study, there were 3.6 direct catastrophic cheerleading 
injuries annually, increasing from 1.95 per year from the prior 
study investigating the years 1982 through 2002.2 Some possible 
reasons exist for this increase, which have been previously 
suggested.8 Although participation numbers are not available 
before 2001, it is possible more athletes were participating in 
cheerleading in the current study, increasing the number of 
cheerleaders who could be potentially injured. However, SMA 
data revealed that cheerleading participation among those aged 
12 to 24 years decreased from 1.9 million in 2001 to 1.8 million 
in 2016.

A more plausible reason for the increase in injuries is that a 
greater proportion of catastrophic cheerleading injuries were 
captured by the NCCSIR during this period. While the NCCSIR 
does not track statistics on how catastrophic cheerleading 
injuries are captured, the increasing popularity and accessibility 
of digital media on the internet since the late 1990s and early 
2000s has expedited the process of finding catastrophic 
cheerleading injuries in digital media, potentially leading to an 
increasing number of cheerleading injuries identified. For 
example, The New York Times and The Wall Street Journal 
started posting articles online in 1996.3,9 In addition, the 
collaboration between the NCCSIR and the NCSF from 2008 to 

2012, as well as the new NCCSIR web-based injury report 
mechanism in 2015, may have also identified more events. 
However, despite these developments, we saw a decrease in the 
catastrophic injury rate over the 15 years of this study.

A final reason for the increase in injuries is that cheerleading 
has become a more difficult activity, leading to a corresponding 
increase in research and attention on cheer safety.8,10 Research 
studies published from 2004 through 2009 described cheer-
related injuries and risk factors calling for increased safety 
efforts, including making cheer a sponsored sport at both the 
collegiate and high school levels.4,5,10,16-18 Increased attention 
would result in greater media coverage and public concern, 
both of which could have led to improved catastrophic injury 
reporting.

Strengths and Limitations

This study had several key strengths. We used 15 years of direct 
catastrophic cheerleading injury data, allowing us to investigate 
potential differences in injury counts across time. Additionally, 
the NCCSIR has the most comprehensive database for 
catastrophic injuries in the United States and has been 
conducting catastrophic injury surveillance among all high 
school and collegiate sports in the United States since 1982.

This study also had limitations. Details on injury and incident 
characteristics were unknown for some cases. The study 
calculated injury rates using SMA participation data based on 
age groups (rather than actual cheerleading participation in 
high school and college). However, SMA had the only data with 
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annual estimates of cheerleading participation in high school 
and college; reliable annual data on cheerleading participation 
currently do not exist. Although the NFHS collects competitive 
cheerleading participation data annually for high schools that 
sponsor cheer, these numbers do not reliably reflect the total 
number of high school cheerleaders in the United States, as 
cheer is not sponsored in most high schools. In the academic 
year 2007-2008, the NFHS estimated that 113,980 high school 

athletes participated in competitive cheerleading,15 while a 
separate survey conducted that year by the NFHS found 394,694 
cheerleading participants.14 Cheerleading participation data are 
unavailable at the collegiate level. A national collaborative effort 
is needed to collect reliable cheerleading participation data 
regularly.

Another limitation is that given the NCCSIR’s reliance on 
media reports for event capture, some catastrophic cheerleading 

Figure 1. Number of catastrophic cheerleading injuries by activity, July 2002-June 2017.

Figure 2. Rate of catastrophic cheerleading injuries by level, July 2002-June 2017.
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injuries may not have been identified. Although the NCCSIR 
actively searches for instances of catastrophic cheerleading 
injuries and receives information about potential catastrophic 
injuries from other individuals, it is possible that some injuries 
were not identified. Nonetheless, the NCCSIR is the only US 
organization that collects catastrophic injury information on all 
youth, high school, and college sports (including cheerleading), 
as there is no mandated reporting of the injuries to any 
organization at either the state or the national level. Increased 
collaboration between stakeholders in cheerleader health and 
safety could help increase identification of catastrophic 
cheerleading injuries.

conclusion

The basket toss rule banning stunts from being performed on 
hardwood surfaces has contributed to a 74% reduction in the 
catastrophic basket toss injury rate. Nonetheless, further work is 
necessary to eliminate catastrophic injuries from other stunts 
that still occur at a low rate. Continued injury surveillance 
should be conducted, and further rule changes should be 
implemented to reduce the number of catastrophic injuries from 
other cheerleading stunts.
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