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Objective: To determine the rate, type, and severity of dental
injuries recorded for intermediate and high school interscholas-
tic athletic participants.

Design and Setting: A longitudinal study (1988–2003) of in-
termediate and high school athletes utilizing the same certified
athletic trainers to evaluate and record all injury data.

Subjects: Sports participation included 123 teams in 19 fe-
male, 18 male, and 2 coed sports. Of 2445 Punahou School
intermediate and high school students, on average, 1340 stu-
dents (623 females, 717 males) annually participated in inter-
scholastic athletics.

Measurements: Dental injuries were defined as injuries to
the jaw, teeth, and oral soft tissue (lip, mouth, cheek, and
tongue). Soft tissue injuries requiring physician or dentist refer-
ral were recorded. Other soft tissue injuries were treated as skin

abrasions and were not recorded. Actual days lost from activity
were recorded. The estimated injury rate was determined (in-
juries/1000 athlete-sessions). Mouth-guard use was recorded.

Results: During the 15-year study, 19 492 injuries were re-
ported, with 56 (0.2%) recorded as dental injuries (23 tooth, 20
jaw, and 13 soft tissue). Injury rates were highest for girls’ wres-
tling (0.243, confidence interval 5 0–2.3), boys’ judo (0.189,
confidence interval 5 0–3.6), and boys’ soccer (0.127, confi-
dence interval 5 0.4–1.4). The football injury rate was 0.029
(confidence interval 5 0.04–0.29), with no tooth injuries.

Conclusions: The incidence and injury rate of dental injuries
was extremely low for all reported sports. A universal definition
of dental injuries must be established to facilitate injury data
collection and analysis.

Key Words: athletic injuries, injury epidemiology, high school
athletes

The dental injury rate in athletes, the effectiveness of
mouth guards in injury reduction, the types of mouth
guards that should be used by athletes, and the effec-

tiveness of mouth guards in reducing or preventing concussion
are topics of considerable interest to the dental and athletic
communities. This report will focus on a 15-year study of the
incidence of dental injury to intermediate and high school ath-
letes participating in interscholastic athletic programs.

The lack of a universally accepted definition of dental injury
creates difficulties with regard to data collection, analysis, and
reporting. Tesini and Soporowski1 noted the inconsistency of
diagnostic terminology when discussing published dental in-
jury data. Dental, orofacial, and maxillofacial injuries are often
treated as equal and interchangeable definitions to support var-
ied opinions regarding injury prevention and treatment.

As provided by Diangelis and Bakland,2 the World Health
Organization defined dental injuries as fractures, luxations, and
avulsions of teeth and fractures of the mandible or maxilla.
Soft tissue oral injuries were not included because of the var-
iability of injury classification (bruising to lacerations). Jaw
contusions and temporomandibular joint (TMJ) episodes were
not recorded for the same reason. Roberts3 defined dental in-
juries as fractures, avulsions, and luxations along with lip and
oral mucosal lacerations, jaw fractures, TMJ cartilage injuries,
and concussions.

In their definition of oral and dental injuries, Lephart and
Fu4 included soft tissue injuries, maxillary fractures and dis-
locations, tooth fractures, luxations, and avulsions. Dale5 used
the term dentoalveolar trauma to discuss dental injuries and
included teeth injuries (fractures, avulsions, and luxations), al-
veolar injuries (mandible and maxilla), and all soft tissue in-
juries (lips, gums, and tongue), ranging from bruising to severe
lacerations.

Orofacial injuries have also been defined inconsistently in
the literature. Berg et al6 classified soft tissue injuries (cut lip,
tongue, or cheek), bruised face, loose teeth, broken teeth, and
facial fractures as orofacial injuries. Chapman7 included den-
tal, dentoalveolar, intraoral, and perioral lacerations and jaw
fractures in his definition. Flanders and Bhat8 included soft
tissue injuries to the face and mouth and fractures of the facial
bones, TMJ, and dentition. Kvittem et al9 reported on orofacial
injuries but did not give a definition of ‘‘orofacial.’’

Maxillofacial injuries have equally varied definitions. Sane
et al10–13 defined facial skeleton and dental hard tissue injuries
as maxillofacial injuries. Soft tissue injuries were not included.
Tanaka et al14 reported fractures to the jaw and alveolus as
maxillofacial injuries. Hildebrandt15 defined fractures to the
bony structures of the jaw and face, dental injuries (tooth
only), and soft tissue injuries to the lips, tongue, and mouth
as maxillofacial injuries.
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Powell and Barber-Foss16 stated that in order to conduct
large data-collection projects, common operational definitions
must be used to identify reportable events. Powell17 defined
an injury as an episode resulting in at least 1 day lost from
activity. Beachy et al18 defined an injury as any episode re-
quiring evaluation, regardless of time lost. Injury severity was
determined using days lost from activity.

Tesini and Soporowski1 recommended a dental data-report-
ing system allowing for injury comparison with an established
definition for a reportable injury event. This would permit the
collection of appropriate data while acknowledging limitations
and sources of error.

For the purposes of this 15-year study, I restricted dental
injuries to those involving the jaw (contusions, fractures, and
TMJ), teeth (concussions, fractures, luxations, and avulsions),
and any oral soft tissue (lip, mouth, and tongue) and requiring
dentist or physician referral. Other soft tissue injuries were
treated as skin abrasions and not recorded. An injury was de-
fined as any episode requiring evaluation, regardless of time
lost. Injury severity was determined by days lost from activity:
minor (0 days lost), mild (1–7 days lost), moderate (8–21 days
lost), or severe (221 days lost).

Published specific sport-related dental-injury data have been
anecdotal, retrospective, or prospective in nature. Although in-
teresting, anecdotal reports are of limited scientific value. Un-
fortunately, speculative anecdotal reports regarding mouth-
guard use and the prevention of concussions have been given
unwarranted credibility19 in the dental community. Kumamoto
et al20 presented a sensational case study of tooth entanglement
in a basketball net, which, while interesting, is certainly not a
common occurrence.

Retrospective studies7,11–13,21–24 have both recall and sub-
jectivity biases. Injury rates are not available for these studies,
thereby furthering the difficulty of study comparison. Retro-
spective questionnaires often ask for career sport-related den-
tal-injury information21,22 or injury reporting at the end of the
season.23 The exposure data are generally estimated, and the
injury recall is less than complete. This is equally true for data
collected from hospitals13,14,25–29 and from insurance
forms,10–12,24 as only the more severe injuries, not all injuries,
are generally reported.

The attitudes and opinions of coaches and athletes regarding
dental injuries6 and mouth-guard use7 can be erroneously in-
terpreted as hard data. Errors in data presentation raise further
questions about the validity of various studies. Flanders and
Bhat8 reported the injury rate at 1/10 000 exposures rather than
the standard of 1/1000 exposures, creating possible problems
in interpretation if this difference is overlooked. Bolhuis et
al,21 while reporting on field hockey dental injuries, presented
dental injury data that may be confused with mouth-guard use.

The lack of standardized dental-injury definitions further
complicates the comparison of published injury data. DeLee
and Farney30 did not define a facial or dental injury, and Go-
mez et al31 similarly lacked an injury definition. Blignaut et
al32 included nasal fractures, although the nose cannot be pro-
tected by a mouth guard.

Morrow et al33,34 completed an extensive study of dental
injuries to collegiate athletes, including chin lacerations in the
definition of dental injuries. Morrow et al35 also conducted a
prospective study of the dental injury rate of female basketball
players, all of whom were provided with custom-fitted mouth
guards. The definition of an oral injury was not presented;
however, episodes of injury were fewer in those wearing the

custom mouth guard. A similar comparison using boil-and-bite
mouth guards is warranted.

Ranalli and Rye36 reported that maxillary anterior tooth in-
juries were the most frequently reported dental injury. They
also noted that males have a 1.5 times higher rate of injury
than females when not wearing mouth guards. Zelisko et al37

found a 1.6 times higher risk for male professional basketball
players as compared with their female counterparts. Schmidt-
Olsen et al38 reported a correlation between age and injury in
soccer tournament participants. The older the player, the higher
the risk of injury. Sane and Ylipaavalniemi11 noted that male
soccer players over age 20 were at higher risk of dental injury.

METHODS

Subjects

I conducted a 15-year (1988–2003) longitudinal study of
dental athletic injuries occurring to students in grades 7 to 12
at a private Honolulu school with an enrollment of 3500 from
grades kindergarten to 12. Of the average 2445 students
(range, 2399–2479) enrolled in grades 7 to 12 from 1988 to
2003, 50% (623 of 1243) of all females and 60% (717 of
1193) of all males annually participated in interscholastic
sports.

Thirty-nine sports (19 female, 18 male, 2 coeducational)
(Table 1) and 123 teams constituted the interscholastic athletic
program. Multiple-sport athletes were counted once for each
sport. On average, intermediate teams (grades 7–9) included
331 females and 407 males. High school participants annually
averaged 662 females and 725 males.

PROCEDURES

Injury Definition

An injury was defined as any complaint that required the
attention of a certified athletic trainer (ATC), regardless of the
time lost from activity. A day-lost injury was any injury re-
sulting in a minimum of 1 day lost from activity.

Dental Injury Definition

Dental injuries were restricted to the jaw, teeth, and oral
soft tissue (lip, mouth, cheek, and tongue). Soft tissue injuries
requiring physician or dentist referral were recorded. Other
soft tissue injuries were treated as skin abrasions and not re-
corded.

Tooth Injury Definition

The standard nomenclature of the World Health Organiza-
tion, as noted by Diangelis and Bakland,2 was used to define
tooth injuries (Table 2).

Data Collection

Three full-time ATCs evaluated all injuries. Injury data were
recorded daily using a database program I designed. The 5
injury classifications as presented by Beachy et al18 were (1)
minor: no time lost, (2) mild: 1 to 7 days lost, (3) moderate:
8 to 21 days lost, (4) severe: 221 days lost, and (5) cata-
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Table 1. Punahou School Teams and Average Annual
Participation, 1988–2003*

High School
(Grades 9–12)

No.
of Teams

Average
Annual

Participation

Intermediate School
(Grades 7–9)†

No.
of Teams

Average
Annual

Participation

Air riflery

Females
Males

2
2

11.0
12.2

0
0

0
0

Baseball

Males 2 40.5 2 35.4

Basketball

Females
Males

4
3

50.1
41.3

2
2

28.2
29.1

Bowling

Females
Males

2
2

15.9
15.6

0
0

0
0

Cheerleading

Females 2 29.5 1 12.4

Cross-country

Females
Males

2
2

67.3
51.9

1
1

36.4
32.2

Diving

Females
Males

2
2

6.8
2.8

1
1

3.6
1.0

Football

Males 2 101.6 1 63.0

Golf

Females
Males

2
2

10.3
16.6

1
1

3.3
8.5

Gymnastics

Females 2 19.2 1 11.0

Judo

Females
Males

1
2

14.6
34.3

0
0

0
0

Kayaking

Females
Males

1
1

24.4
20.6

0
0

0
0

Paddling

Females
Males

4
4

47.8
43.0

0
0

0
0

Riflery

Coeducational 2 18.8 0 0

Sailing

Coeducational 2 12.0 0 0

Soccer

Females
Males

2
3

54.0
57.3

2
2

33.7
36.5

Softball

Females 2 30.6 2 26.9

Swimming

Females
Males

2
2

39.5
30.2

1
1

22.6
17.6

Tennis

Females
Males

3
3

37.2
36.5

2
2

23.8
24.0

Table 1. Continued

High School
(Grades 9–12)

No.
of Teams

Average
Annual

Participation

Intermediate School
(Grades 7–9)†

No.
of Teams

Average
Annual

Participation

Track and field

Females
Males

2
2

123.2
105.5

1
1

79.7
79.8

Volleyball

Females
Males

3
3

40.6
38.0

2
2

28.1
26.8

Water polo

Females
Males

2
2

32.7
31.9

1
1

18.3
23.1

Wrestling

Females
Males

1
2

7.2
45.1

1
1

3.0
30.1

Total 86 1417.6 37 738.1

*Athletes participating in multiple sports are counted once for each
sport.
†Athletes in grade 9 can participate at either the intermediate or the
high school level.

Table 2. World Health Organization Tooth Injury Definitions as
Reported by Diangelis and Bakland2

Avulsion A complete displacement of a tooth from its
socket

Chipped A complete fracture and displacement of a por-
tion of the tooth

Concussion Tooth is sensitive to percussion but not dis-
placed or abnormally mobile

Fracture: crown Fracture of enamel and dentin; may or may not
involve exposure of pulp

Fracture: enamel Fracture of enamel only and includes chipping,
cracking, and incomplete fractures

Fracture: root Fracture of root only
Luxation: extensive Tooth is very mobile because of partial dis-

placement out of its socket
Luxation: intrusive Tooth has been forced down and embedded

into bone
Luxation: lateral Tooth has been displaced and may be very

firm
Subluxation Tooth has increased mobility but has not been

displaced

strophic: permanent disability or death. Athletes reported 56
dental injuries, including 32 (60%) days-lost injuries.

Injury Data

An athlete-session consisted of 1 practice session or game.
I estimated the injury rate (injuries per 1000 athlete-sessions)
for all sports and levels. The number of athletes per sport per
year was multiplied by the number of practices and games in
the season. A team of 15 athletes practicing for 5 days would
record 75 athlete-sessions of exposure. The number of days
lost from activity due to injury was determined and then sub-
tracted from the exposures. Intermediate and junior varsity
teams averaged 60 to 72 days per season. Varsity teams av-
eraged 84 to 96 days per season. Depending on the sport, state
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Table 3. Types and Numbers of Tooth Injuries, Punahou School,
1988–2003

Type No.

Avulsion
Chipped
Concussion
Fracture: crown
Fracture: enamel
Fracture: root

1
9
4
1
0
0

Luxation: extrusive
Luxation: intrusive
Luxation: lateral
Subluxation
Total

2
0
1
5

23

Table 4. Punahou School Interscholastic Dental Injuries and Injury Rates, 1988–2003

Years of
Sport Data Sport Sex

Total
Athletes

Total
Injuries

Dental
Injuries

% Dental
Injuries

Estimated
Athlete

Sessions

Dental-Injury
Rate/1000

Athlete-
Sessions

95% Confidence
Interval

15
15
15
15
3

Baseball
Basketball
Basketball
Football
Judo

M
F
M
M
M

1139
1174
1057
2438
103

655
861
922

4189
83

8
2
6
7
1

1.22
0.23
0.65
0.17
1.20

101 380
102 091
93 467

238 472
5298

0.079
0.020
0.064
0.029
0.189

0.38–2.1
0–0.56

0.13–1.2
0.04–0.29

0–3.6
15
15
15
15
15

Soccer
Soccer
Softball
Swimming
Track and field

F
M
F
F
M

1317
1403
864
797

2780

1316
1420
551
144

1457

3
13
3
1
1

0.23
0.92
0.54
0.69
0.07

97 393
102 330
60 642
61 446

247 977

0.031
0.127
0.049
0.016
0.004

0–1.2
0.4–1.4

0–1.2
0–2.1
0–0.20

15
15
5

15

Volleyball
Water polo
Wrestling
Wrestling

M
M
F
M

974
834
51

1141

493
149
127

1857

1
1
1
8

0.20
0.67
0.79
0.43

72 540
54 020

4116
96 806

0.014
0.019
0.243
0.083

0–0.60
0–2.0
0–2.3

0.13–0.73
Subtotal
Other sports
Total

16 072
13 518
29 590

14 224
5268

19 492

56
0

56

0.39
0.00
0.28

NA*
NA
NA

0.042
NA
NA

0.31–0.53
NA

0.21–0.36

*Not applicable.

tournament competition may add an additional 6 to 14 days
to the varsity schedule. The 95% confidence interval was in-
cluded to address any random variations that might be present
in the data.

Mouth-Guard Use

Boil-and-bite mouth guards were provided to all football
players, with replacement during the season as necessary. Cus-
tom-fitted mouth guards were worn by approximately 10% of
the football athletes, but the actual number of mouth guards
worn for all sports was not recorded. Mouth-guard type was
not a factor in this study.

All interscholastic athletes were offered the use of one brand
of boil-and-bite mouth guard. Athletes wearing orthodontic ap-
pliances were encouraged to wear mouth guards to prevent lip
abrasions. Wrestling and judo participants were encouraged
but not required to use mouth guards. An estimated small per-
centage of soccer and basketball players, both male and fe-
male, used a mouth guard. The ATCs distributed and moni-
tored the fitting of approximately 350 boil-and-bite mouth
guards per year.

RESULTS

From 1988 to 2003, 19 492 injuries were reported, with 56
(0.2%) recorded as dental injuries. The dental injuries included
23 tooth injuries (43%), 20 jaw injuries (33%), and 13 soft
tissue injuries (24%). Only 2 episodes involved multiple teeth.
For recording purposes, each tooth was treated as a separate
injury.

Tooth injuries are shown in Table 3. Eight of the chipped
teeth and 1 concussed tooth did not result in time lost from
activity, as the injuries were reported at the end of practice
and the athletes were cleared by their dentists to return to
activity the next day. One soccer player lost 102 days from
activity as a result of an avulsion and extrusive luxation. Foot-
ball players did not report any tooth injuries. Football has a
mandatory mouth-guard requirement.

Two jaw fractures were reported during the 15-year study.
One jaw fracture was the result of a thrown ball, and the other
was due to a fall. The remaining jaw injuries were contusions
resulting from thrown balls (4) and physical contact in a va-
riety of sports (14).

Twelve of the 13 soft tissue injuries referred for physician
or dentist evaluation required sutures. The tongue laceration
did not require sutures. A total of 22 days was lost from ac-
tivity. All physicians allowed the injured athletes to return to
activity before the sutures were removed.

Athletes in 14 sports sustained dental injuries (Table 4).
Male soccer participants reported the most dental injuries, 13,
during the 15-year study. Male wrestling and baseball fol-
lowed with 8 each and then football with 7 dental injuries.

The athlete dental-injury rate (injuries per 1000 athlete-ses-
sions) was highest for female wrestling participants at 0.243,
followed by male judo athletes at 0.189. Both sports have low
participation rates and injury totals. In sex-matched sports, ex-
cept for wrestling, males had a higher dental-injury rate. Male
wrestlers had an injury rate of 0.083, and no female judo ath-
letes sustained a dental injury. The injury rate for male soccer
players was 0.127, compared with 0.031 for female soccer
players. The injury rate for male basketball players was 0.064,
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Table 5. Severity of Dental Injuries Incurred in Punahou School Practices and Games: Frequency (%)

Injured Part

Minor (0 Days Lost)

Practices Games

Mild (1–7 Days Lost)

Practices Games

Moderate (8–21 Days Lost)

Practices Games

Severe (221 Days Lost)

Practices Games Total

Tooth
Jaw
Soft tissue
Total

6 (26%)
11 (55%)
9 (69%)

26 (46%)

2 (9%)
4 (20%)
0 (0%)
6 (11%)

9 (39%)
2 (10%)
3 (23%)

14 (25%)

5 (22%)
2 (10%)
1 (8%)
8 (14%)

0 (0%)
0 (0%)
0 (0%)
0 (0%)

0 (0%)
0 (0%)
0 (0%)
0 (0%)

0 (0%)
1 (5%)
0 (0%)
1 (2%)

1 (4%)
0 (0%)
0 (0%)
1 (2%)

23
20
13
56

compared with 0.020 for female basketball players. Baseball
players recorded a 0.079 injury rate, compared with the soft-
ball players’ rate of 0.049. Football players recorded an injury
rate of 0.029. Noncontact sports participants in water polo,
swimming, volleyball, and track recorded the lowest injury
rates.

Fifteen dental injuries (26.8%) were reported during games:
8 tooth injuries, 6 jaw injuries, and 1 soft tissue injury. Seven
athletes returned to competition that day. Nearly 3 times the
number of dental injuries were reported during practice, which
is in line with the greater time spent in practice. Exact injury
rates for practices and games could not be established.

Injury severity is determined by days lost from activity. As
noted in Table 5, 32 of the injuries (57%) were minor, with
no days lost from activity. Six of the minor injuries occurred
during games and 26 during practices. The 22 mild injuries (1
to 7 days lost) accounted for 79 days lost from activity. The
2 severe injuries (jaw fracture and tooth avulsion) resulted in
131 days lost from activity.

Except for the 7 football injuries (with no tooth involve-
ment), none of the injured athletes was wearing a mouth guard
at the time of injury.

DISCUSSION

This study is unique in that the same ATCs evaluated and
recorded all athletic injuries occurring to intermediate and high
school student-athletes participating in interscholastic compe-
tition during this 15-year period (1988–2003). The same injury
definitions and evaluation criteria were used throughout the
study.

Little information is available about dental injuries to high
school–aged athletes. Published high school sport injury re-
ports by Beachy et al,18 McLain and Reynolds,39 and Powell
and Barber-Foss16 designated injuries to the head and face/
scalp only. Gomez et al,31 Kvittem et al,9 Messina et al,40

Nilsson and Roaas,41 Pasternack et al,42 Pasque and Hewett,43

and Seals et al44 have reported on high school dental injuries
in a variety of sports, with most studies being either 1 or 2
years in duration and using various definitions.

Nilsson and Roaas,41 Hoff and Martin,23 Schmidt-Olsen et
al,38 and Sane and Ylipaavalniemi11 have studied soccer dental
injuries, and DeLee and Farney30 and Garon et al22 have re-
searched football dental injuries. Inconsistent injury defini-
tions, along with variations in reporting, do not allow for com-
parisons with this study.

Labella et al45 compiled the most complete dental-injury
data for collegiate male basketball players using an injury def-
inition consistent with this study. They noted that those ath-
letes wearing mouth guards had a lower dental-injury rate.
Messina et al40 reported that male basketball players sustained
more dental injuries than female basketball players, which is

consistent with the data reported in this study. No injury rates
were provided for comparison.

Morrow et al33,34 reported on oral injuries in female and
male volleyball players. The inclusion of chin lacerations is
problematic and inconsistent with other dental-injury defini-
tions, making comparison with this study difficult.

Published dental-injury data for judo, swimming, water
polo, and track participants are lacking.

During the 15 years of this study, the use or nonuse of
mouth guards was recorded for all dental injuries at the time
of injury. The type of mouth guard was not a factor in this
study, as no tooth injuries were recorded for athletes wearing
mouth guards. Boil-and-bite mouth guards were distributed to
all football players and offered to all athletes participating in
the interscholastic athletic program.

In the high school setting, because of staffing limitations
and the number of sports and teams, it is impossible for an
ATC to be in attendance at every practice or game. Nonre-
ported injuries, including dental injuries, may occur. Coaches
and athletes are asked to report any injuries to the ATCs on
their return to campus, either the same day or the next. Not
having an ATC at all events could prove to be a limitation of
this study.

Lacrosse, ice hockey, and field hockey have national man-
datory mouth-guard requirements. These sports are not part of
the Punahou School interscholastic program, and results pre-
sented here cannot be applied to those sports.

Discussions regarding the use of mouth guards in preventing
concussion have been speculative,19 and as noted by Mc-
Crory,46 few scientific data support this hypothesis. This topic
was not a focus point for my study but certainly requires fur-
ther scientific study.

CONCLUSIONS

The incidence and injury rate of dental injuries is extremely
low for all reported sports. Although mouth guards effectively
prevent tooth injuries, the necessity for custom-fitted mouth
guards for athletes in contact sports is brought into question.
Further research using the same definitions and evaluation cri-
teria is warranted. Based on the experiences of the full-time
ATCs at Punahou School, those athletes wearing orthodontic
appliances while competing in contact sports should wear
mouth guards to prevent the soft tissue abrasions that occur
during practices and competitions.

The lack of a universally accepted definition for dental in-
juries has allowed individual researchers latitude in defining
and collecting injury data. Therefore, replications of dental-
injury studies are often difficult or impossible to complete.
Injury rates must be presented to facilitate comparison of pub-
lished data. Until these problems are addressed, anecdotal and
speculative data will continue to dominate the discussion of
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dental injuries in athletes. The dental community and allied
health personnel, including ATCs, need to address these issues
in order to provide guidance for researchers, coaches, and ath-
letes in the area of athletic dental injuries.
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