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Abstract. The purpose of this study was to identify the most common causes of head injury and associated symptoms of concussion
in a population of school childrem(= 1, 372, 979). Using standardized injury report forms, we identified the mechanisms of
head injury associated with various sports/recreation activities and assessed each injury for the presence of concussion symptoms.
Head injury reportsit = 7, 765) were coded using the WHO's ICECI and ICD-10 E-codes. 1,338 Cases reported symptoms of
concussion. The majority of head injuries occurred during School Free-Play/Recess (59.8%). Combative Sports and Wheeled
Non-Motored Sports were the activities most often associated with concussion symptoms (rate of conR@s#t 3% and

44.4%, respectivelyy < 0.001). School Free-Play/Recess and Physical Education Classes were significantly less likely to have
head injuries associated with concussion (RC: 16.0%; 0.001, and 12.4%p = 0.034, respectively). The most common

causes of head injury were (1) Struck by an Object (24.9%) and (2) Falling on the Same Level (22.8%). Falling from a Transport
was the only etiological code significantly associated with concussion symptoms after head injury (RC: 28004) pResults

were similar when using the two coding structures in combination. Prevention efforts should focus on activities where children
are moving at high speeds since these are more likely to cause a concussion when a head injury occurs.
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1. Introduction million school days lost annually due to childhood in-
jury [4] with an estimated yearly cost of $47 billion
Approximately 20 million children in the United us [9].
States are injured each year at an estimated cost in ex- Injuries are caused by many factors including falls,
cess of $347 billion dollars US [9]. Nineteen percent being struck by objects, and collisions. Falls have been
of these injuries occur at school and there are over 2.2 shown to be responsible for 16% to 55% of all injuries
in children [7,10,11,13,14,17,20,21,24,27]. The num-
ber of injuries associated with falls peaks in younger
*Address for correspondence: Karl F. Kozlowski, Department children and decreases with maturation [17,19]. Most
of Exercise and Nutrition Sciences, Kimball Tower, Room 214A, L ! )
University at Buffalo, Buffalo, NY 14214, USA. Tel.. +1 716 829 head injuries are caused by falls [17]. Collisions or con-
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to 43% of injuries [7,13,27].
Childhood injuries are often associated with various
modes of transportation, i.e., motor vehicles, bicycles,

roller skates, in-line skates, scooters, and skateboards.

Some studies have shown that transportation-related
mechanisms are second only to falls in terms of con-
tributing to childhood injury [5,24]. Bijur et al. [14],
for example, showed that over 48% of childhood in-
juries were related to the use of bicycles, skates, or
skateboards.

Participation in athletic activity is most frequent dur-
ing the first two decades of life and sports participa-
tion is often viewed as an important risk factor for pe-
diatric head injury. Studies have examined both the
overall effect of sport and recreation participation on
injury as well as from specific sports. A US study of
11,840 children (aged 5-17 years) showed that 36% of
all childhood injuries occurred from sport and recre-
ation participation and that injury rates increased with
age [5]. Other studies have reported rates of injury from
sport and recreation ranging from 10% to 45.5% [7-10,
13-15,19,24].

The settings in which childhood injury occur in-
clude the home, schools, playgrounds, and sports are-
nas/fields. While the home environment is a common
site of childhood injury [19,21], several studies have
shown that injury is also common in the school setting.
Using data from the National Health Interview Survey
(NHIS), 19% [1] to 50% [15] of childhood injury has
been shown to occur in schools. In other studies, sports
facilities have been the reported setting in 9% to 36%
of pediatric injury [4,25].

Head trauma and concussions are injuries of great
concern in a pediatric population. In their review of
the NHIS, Conn et al. [15] found that there were 1.1
million childhood injuries to the head and neck, 17%
of which were internal head injuries. Body et al. [3]
reported a head injury incidence rate of 13.6% in chil-
dren ages 14 to 15. Using retrospective maternal in-
jury recalls, Kohen et al. [10] reported head and neck
involvement in 9% to 18% of injuries. LaForest et
al. [22] reported that 12% of all childhood injuries in
a playground setting were concussions, skull fractures,
or contusions. In another study, 18% of school based
injuries responded to by EMS were to the head, with
sports participation being the most frequent contribut-
ing factor [20]. Symptoms of concussion have been
reported to be present in 13.5% of all school related
head injuries [28]. In a study by DiScala et al. [4], 39%
of injuries were to the head and neck with 62% of these
being classified as concussions.
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While multiple studies have reported on the preva-
lence and incidence of pediatric head injury, little is
known about the actual mechanisms of head injury that
result in childhood concussions. ldentifying which
sport activities and what mechanisms within those ac-
tivities most commonly contribute to head injury and
concussion will aid in establishing preventive measures
to reduce incidence.

Identifying mechanisms of head injury depends up-
on how the circumstances of injury are recorded at the
time of the incident. Both the International Classifi-
cation of Diseases External Causes (ICD-10 E-codes)
and the International Classification of External Causes
of Injury (ICECI) have been used to more accurately
describe injury mechanism. The ICECI was drafted
in 1999 in response to a call from researchers that the
ICD-9 and ICD-10 E-codes on external causes lacked
the requisite breadth and depth for designing injury
prevention measures [1,5,16]. For example, a report
of hospital discharge data on youth injury revealed that
there were insufficient data to effectively code using
ICD-9 E-codes and that it was difficult to determine the
extent and type of sports injuries using the E-codes [2].
Bijur et al. [14] used ICD-9 E-Codes and reported in a
sample of 5 to 17 year-olds that almost 30% of sports
and recreational injuries were to the head but called
for changes in the ICD-9 E-coding scheme because
of difficulties determining the extent and type of in-
jury. Furthermore, the two most recent revisions do not
specify injury cause to mutually exclusive codes and
so may unintentionally “hide” the significance of some
mechanisms of injury [23].

Conn et al. [15] studied the Current Population Sur-
vey and was one of the first to use the ICECI coding
procedure. They found that the ICECI did not have
codes for 5.6% of injuries identified in the NHIS. They
opined that the current state of research on the utility of
these coding schemes is limited and that there should
be research on using the ICD-10 E-codes and ICECI in
combination [6].

In a prior study, Willer et al. [19] reported a pop-
ulation based study of the incidence of head injuries
in a large school age population. The study provided
limited information on the cause of injury simply citing
whether the injury occurred during a sporting event or
from falls etc. The current study uses the same popu-
lation based data on injuries of children in schools but
includes more precise information on the mechanism
of injury through the use of ICD-10 E-codes and ICE-
Cl codes. One purpose of this study is to describe the
mechanisms of head injury and concussion associated
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with certain types of school related sports and recre-
ational activities. A second purpose of the study was
a comparison of the ICD-10 E-codes and ICECI codes
to document the mechanism of injury. Past research
has shown that injury mechanism is a good indicator of
injury severity [12] and that injuries can be prevented

with a better understanding of their cause [14].

2. Methods
Injuries were recorded in the year 2000 from a pop-

ulation of Ontario School children aged 6 to 16 years
(n = 1,372,979). This amounts to 79.5% of all On-
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each injury is coded within each intent category. This
is an inherent weakness of the ICD-10 E-codes as it
limits the utility of the mechanism as a primary code.
After coding according to the major axis, the cause
of injury can be additionally coded by activity (sport,
leisure, working, vital activities, etc.) and location
(home, school, institution, sports area, etc.).

The ICECI has been designed as a “pick and choose”
multi-axial hierarchical taxonomic system to be used as
a companion to the ICD-10. The intent behind the use
ofthe ICECI is its ability to explain, evaluate, and scru-
tinize the occurrence of injuries [1]. Used in conjunc-
tion, these matrices are designed to code injury causes
in very specific terms. The ICECI coding system is

tario children aged 6 to 16 years. Census data shows comprised of one core module and 5 additional mod-
Ontario, as a Canadian province is 78.9% Caucasian ules. The core module is divided into the following
with a mean household income of $66,836. Promi- data sets: role of human intent, mechanism of injury,
nent minority group are South Asian, Chinese, and object/substance producinginjury, place of occurrence,
Black at 4.9%, 4.3% and 3.6% of the provincial pop- activity when injured, use of alcohol, and use of other
ulation respectively. (Adapted from Statistics Canada drugs or substances. The five additional modules and
[http://wvww.statcan.ca], extracted April 15, 2007) [26].  their respective number of data sets are comprised of:
Evaluating the total number of head injuries reported transport (4 sets), violence (7 sets), place (7 sets), sport
in this population ¢ = 11,068), 7,765 were related (4 sets), and occupational (2 sets) modules. The num-
to sports and recreation. The schools involved in this ber of data elements and modules used can be selected
study used the Ontario School Boards Insurance Ex- depending on the local needs and the resources avail-
change (OSBIE) as their liability insurer. OSBIE re- able, making the ICECI easily adaptable to many data
quires the submission of a report to describe each inci- collection opportunities. Using sections as a “pick and
dent, however minor, when a child becomesinjuredina choose” matrix the ICECI is considered to be a valid
school or school related activity. The reports provided and reliable instrument for coding external causes of
the name and demographics of the injured party as well injury [3]. The present study focuses on the module
as a narrative description of the injury and its cause and data set dealing with sport.
including date, time, and location within the school or The ICD-10 E-codes and ICECI codes assigned to
school property. These narratives were evaluated for each injury were collected into larger coding categories
the presence of key words representing symptoms of for data analysis purposes. This combination left nine
concussion [28]: nausea, memory difficulties, fatigue, related categories of ICD-10 E-Codes and 16 categories
dizziness, vision difficulties, ringing in the ears, un- of ICECI codes. The sports of basketball and ice hock-
consciousness, incoherence, headache, vomiting, inco- ey were isolated due to the high number of head in-
ordination, disorientation, emotion(al) and convulsion. juries in each«{ = 444 and 219, respectively). Cod-
Each injury report was then coded according to both ing groups containing a small number of head injuries
the ICD-10 E-codes and the ICECI. (n < 20) were excluded from statistical analysis. As
Prior to the establishment of the ICD-10 E-codes, the a result, the number of head injuries with an ICD-10
ICD-9 had external cause E-codes as a supplemental E-code (V = 7765) and an ICECI codeN = 7510)
entity but these codes were not mutually exclusive. are different.
The ICD-10 E-codes are now included in the main Descriptive statistics were used to describe the to-
body of the coding structure and include the nature and tal number of head injuries, total number of those in-
external cause of injury. The pattern of the current E- juries with concussive symptoms, and the rate of con-
codes is an alphanumeric combination of a single letter cussion for each code. Rate of concussion was calcu-
followed by up to three numbers (Ex. W02.03 codes lated as: (Number of injuries with concussive symp-
for “fall involving skateboards”). Each cause is based toms)/(Number of head injuries) x 100. Chi-square
on two axes of code: intent (such as accidental, self- was used to calculate the association between occur-
harm, or assault) and mechanism. The mechanism of rences of the head injury and the concussive symptoms
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for each code category. Significance of the chi-square cluding non-organized sports activity), other ball sports
statistic meant that the concussion rate for the head in- (American football, soccer, rugby, and volleyball, ex-
juries of the code being evaluated is significantly higher cluding basketball), basketball, and school physical ed-
than for head injuries from all other codes in question. ucation class (including non-organized sports activity).
Subsequent standard residuals identified the cells that The greatest rates for concussion involved the follow-
contributed to the statistical significance. Significance ing codes: combative sport (wrestling, self-defense,

level was set ap < 0.05.

After analyzing both coding schemes individually,
Chi-square values were calculated for the ICECI codes
for basketball and ice hockey, combined with the re-
spective ICD-10 E-codes, and the occurrence of con-
cussion symptoms. Total head injuries and those ac-
companied by concussion symptoms for each sport
were analyzed using the corresponding ICD-10 E-
codes for each injury event. Basketball and ice hockey

etc.), wheeled non-motored sports (cycling, rollerblad-
ing, roller skating, skateboarding, scooter riding, etc.),
acrobatic sports (cheerleading and gymnastics), and
other ball sports. Other ball sports £ 0.022), com-
bative sports)f < 0.001), and wheeled non-motored
sports f < 0.001) were significantly associated with
having concussion symptoms with a head injury. Free
play/recessy < 0.001) and school physical education
class p = 0.017) were negatively correlated with the

were chosen for this analysis because they contained occurrence of concussion symptoms after head injury

the largest sport-specific numbers of head injuries. The
combination of coding schemes provided a more de-
tailed description of both the activity and mechanism
of injury.

3. Results

Using the ICD-10 E-codes, 17.2% of head injuries
were accompanied by symptoms of concussion (Ta-
ble 1). The three leading codes associated with head
injury were: being struck by an object (sports equip-
ment and being struck while participating in a vari-
ety of activities), falling on the same level (including
striking an object with a subsequent fall), and colli-
sions (accidental striking, bumping and kicking with
no subsequent fall, not including assaults or intention-
al contact.). The greatest rate for concussion symp-
toms was identified in the codes relating to falling from

(standard residuats —1.9).

An analysis of the basketball ICECI code (1.01) com-
bined with the corresponding ICD-10 E-codes identi-
fied 444 head injuries, 19% of which were accompa-
nied by concussion symptoms (Table 3). The top three
causes of head injury were identical to those identified
by the overall ICD-10 E-codes, i.e., struck by an object,
fall on the same level, and collision. The top codes for
concussion symptoms were similar to those reported
for number of head injuries but in altered order: fall
on the same level, struck by an object, and collision.
However, no ICD-10 E-code for basketball was asso-
ciated with a significantly increased risk of concussive
symptoms after sustaining a head injury.

Analysis of the hockey ICECI code (2.03) combined
with the corresponding ICD-10 codes identified 219
head injuries, 17% of which were accompanied by con-
cussion symptoms (Table 4). The top three causes of
head injury were identical to what the ICD-10 codes

a transport (skateboards, scooters, sleds, snowboardsalone had identified. The highest rates of concussion

etc.), unspecified/overexertion categories, and falling
from a different level (from chairs, furniture, stairs,
playground equipment, etc.). Being struck by an ob-
ject (p = 0.038), falling from ice or snow g = 0.043)
and falling from a transporp(< 0.001) were the cate-
gories that demonstrated an increased risk of having a
subsequent concussion when suffering a head injury.
Consistent with the ICD-10 E-codes, the ICECI
codes indicated that 16.9% of head injuries were ac-
companied by symptoms of concussion. As previously
noted, a small percentage (3.3%) of head injuries were
excluded due to the criteria of requiring a minimal num-
ber of head injuries per code R0) for data analysis. As
shown in Table 2, the largest numbers of head injuries
were specified by the codes for free play/recess (in-

symptoms were seen in unspecified cause/overexertion,
assault, and collisions. The only categories of causa-
tion that attained statistical significance for the pres-

ence of concussion symptoms after head injury were

the unspecified cause/overexertion coge=( 0.019)

and falling from a transporp(= 0.036).

4. Discussion

We found that the rates of children with symptoms of
concussion after sustaining a head injury were similar
in both coding structures. It was shown that these rates
as identified by both the ICD-10 E-codes and ICECI
coding systems were 17.2% and 16.9%, respectively.
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Table 1
Injuries by ICD-10 E-code
ICD-10 E-Code Head % of  Concussions Concussion Rank by p-value
Injuries (n)  Total (n) Rate (%) Symptoms

Struck by an Object 1930 24.86 307 15.91 8 0.038

Fall from Same Level 1769 22.78 305 17.24 6 0.495

Collisions 1266 16.30 230 18.17 4 0.168

Struck by a person 914 11.77 148 16.19 7 0.188

Fall from a Level 791 10.19 144 18.20 3 0.222

Fall from Ice or Snow 543 6.99 79 14.55 9 0.043

Assaults 236 3.04 42 17.80 5 0.408

Fall from a Transport 233 3.00 67 28.76 1 <0.001

Unspecified/Overexertion 83 1.07 16 19.28 2 0.31

Totals 7765 1338

Table 2
Injuries by ICECI code
ICECI Code Head % of Concussions  Concussion Rank by p-value
Injuries (n) Total (n) Rate (%) Symptoms

Free-Play/Recess 4489 59.77 720 16.04 12 <0.001
Other Ball Sports 1045 13.91 203 19.43 4 0.022
Basketball 444 5.91 83 18.69 5 0.201
Phys-Ed Class 266 3.54 33 12.41 16 0.017
Other Specified Sport/Exercise 262 3.49 46 17.56 9 0.444
Ice Hockey 219 2.92 38 17.35 10 0.481
Unspecified Sport/Exercise 203 2.70 29 14.29 13 0.13
Other Stick Bat Sports 186 2.48 32 17.20 11 0.496
Individual Athletic Activity 168 2.24 31 18.45 6 0.336
Acrobatic Sport 47 0.63 10 21.28 3 0.231
Ice Snow Sports 45 0.60 6 13.33 14 0.244
Racquet Sport 34 0.45 6 17.65 8 0.475
Combative Sport 29 0.39 14 48.28 1 <0.001
Wheeled Non-motor sport 27 0.36 12 44.44 2 <0.001
Aesthetic Activity 24 0.32 3 12.50 15 0.27
Power Sport 22 0.29 4 18.18 7 0.453
Totals 7510 1270

These results are similar to the 17.2% internal head of concussion (16% = 0.038). Ice and snow related
injury rate previously described by Conn et al. [15] in  falls also showed increased chance of sustaining a con-
a study of sports related injuries using the NHIS. Itis cussion f = 0.043). It is postulated that this is from
also comparable to the 14.1% traumatic brain injury the use of sleds, toboggans, and ice skates on these

rate Hostetler et al. [18] reported in their analysis of gyrfaces which again lead to increased velocity of the
brain injury in ice hockey. child.

The ICD-10 E-codes alonerevealed thatwhenachild e |cEC] codes alone identified three activities as-
fell(llstfré)m Ztransporttatlontﬂewc_e , such ?15 rolletr ska;]tes, sociated with a significantly greater chance for devel-
skateboards or SCooters, there IS a much greater ¢ a_nceoping concussion symptoms when a child sustains a
of sustaining a concussion with head injury (29%). This S . . .

. . o ) head injury: combative sports (boxing and wrestling),
risk may be explained by considering the increased heeled tored ; ) i Kat
speed involved with using a transportation device. For wheeled non-motored sports (using a scooter or skate-
example, a child on a skateboard is typically moving board), and other bal! sports_(football, soccer,_ rugby
faster when compared with walking or running. Head and volleyball). Consistent with the results using the
injury is more likely to result in concussive symptoms ICD-10 E-codes, wheeled non-motored transportation
when contact to the head follows the child moving at based activities with their related increased speed have a
high speed as opposed to smaller projectiles moving at greaterincidence of head injury with concussion symp-
high speeds. The ICD-10 E-codes revealed that being toms. Combative sports also have a high velocity com-
struck by an object caused the greatest number of head ponent in the speed generated either during a strike or
injuries (» = 1,930) yet it had one of the lowest rates  when a person is forcefully thrown to the ground.
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Table 3
Basketball Head Injuries and Concussions by ICD-10 E-codes
ICD-10 E-Code Head % of Concussions Concussion Rank by p-value
Injuries (n)  Total (n) Rate (%) Symptoms
Struck by an Object 141 31.76 28 19.86 2 0.19
Fall from Same Level 111 25.00 23 20.72 1 0.154
Collisions 91 20.50 17 18.68 3 0.283
Struck by a person 87 19.59 14 16.09 4 0.15
Unspecified/Overexertion 8 1.80 1 12.50 5 0.271
Fall from a Level 3 0.68 0 0.00 6 0.269
Fall from Ice or Snow 2 0.45 0 0.00 6 0.331
Assaults 1 0.23 0 0.00 6 0.407
Totals 444 83
Table 4
Ice Hockey Head Injuries and Concussions by ICD-10 E-codes
ICD-10 E-Code Head % of Concussions Concussion Rank by p-value
Injuries (n)  Total (n) Rate (%) Symptoms
Struck by an Object 97 44.29 13 13.40 4 0.058
Fall from Same Level 46 21.00 6 13.04 5 0.132
Collisions 43 19.63 10 23.26 3 0.089
Struck by a person 23 10.50 3 13.04 5 0.204
Unspecified/Overexertion 5 2.28 3 60.00 1 0.019
Fall from a Transport 3 1.37 2 0.00 6 0.036
Assaults 2 0.91 1 50.00 2 0.159
Totals 219 38

The category of “other ball sports” was one of the injury and concussion for basketball was higher than
most frequent settings for both sustaining a head injury for ice hockey. When considering a Canadian youth
and having a concussion. This suggests a variety of population, however, it is important to understand that
potential injury prevention strategies that can be insti- althoughice hockey is popularin Canada itis common-
tuted. These strategies include increased endorsemently played within community based organizations other
of the benefits of protective equipment, new rule de- than schools.
velopment and enforcement, and assurance of proper The proposition that the ICD-10 E-codes and the

training techniques for those participating in ball sports.
A reduction in the number of head injuries from this
activity could well reduce the overall severity of head

ICECI could be used in conjunction to identify par-
ticular causes of injury with greater specificity is wor-
thy of investigation. After identifying the two ICE-

injuries sustained in a pediatric population. Cl codes for basketball and hockey, the ICD-10 E-
The ICECI codes related to free-play/recess and codes were applied to that data. No significant trends
physical education classes were significantly negatively were identified when we combined the codes, howev-
associated with the development of concussion symp- er, and the rates were similar to the overall ICD-10 E-
toms after a head injury. It may be that the unstructured code rates presented previously. The ICD-10 E-codes
nature of these sport/play experiences reduces the in- that were significantly associated with an increased oc-
tensity of the activity and concurrently reduce the risk currence of concussion symptoms were the unspeci-
for head injury and concussion. It may be that children fied/overexertion mechanism and falling from a trans-
choose safer activities, or choose to partake in activities portwithin ice hockey. Not much can be extracted from
they feel most comfortable with, when left to their own  this result based upon the fact that these codes were
devices. responsible for describing a very small number of head
The ICECI codes for basketball and ice hockey were injuries and concussions.
isolated from their nested groups on the basis thatthese  The utility of using the ICD-10 E-codes and ICECI
codes provided a large number of injuries within each of codes in combination requires further study. As causes
their categories. Basketball was originally included in  of injury are classified with increasing specificity with-
the ball sport group and ice hockey in the stick/bat sport in individual coding structures, identification measures
group. After considering the popularity of ice hockey will require larger populations to demonstrate statistical
in Canada, it may seem odd that the incidence of head significance. It is conceivable that coding injuries by
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both mechanism (ICD-10 E-codes) and activity (ICE-
CI) will, however, mitigate the need for larger sample
sizes while simultaneously increasing the specificity of
identification. Such a coding strategy could provide
valuable information in terms of injury prevention and
cost reduction, especially among a pediatric popula-
tion. This approach has the potential to identify injury
mechanisms operative in other activities and in other
populations to see if there are mechanisms unique to
the school sport and recreation setting.

An inherent weakness in the present work concerns
the use of the injury reports. The reports were originally
submitted by a faculty or staff member from the child’s
school. These individuals may not have the training to
correctly and completely record all the pertinent infor-
mation needed for injury diagnosis and causation cod-
ing. Thus each report had to be reviewed retrospec-
tively for diagnostic and coding purposes. Improved
reporting at the school level could help to identify more
symptoms and decrease the number of injuries coded
within unspecified categories.

In conclusion, we have shown that there are certain
aspects of sport and recreation patrticipation in schools
that are responsible for increasing the potential for con-
cussion after pediatric head injury. Activities involv-
ing high speed impacts are more likely to cause symp-
toms of concussion whereas allowing children their
own choice of activity is less likely to produce concus-
sion symptoms after head injury. School officials and
medical personnel should be aware of and be careful to
appropriately evaluate head injuries in children, espe-
cially when the injuries occur in activities that are more
likely to cause a cerebral concussion.
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