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Abstract

Background: The cervical spine region can be especially vulnerable to concurrent injury in concussion, with
research suggesting that females may be at greater risk due to their weaker and anatomically distinct necks. The
main objective of our research was to study sex differences in the rate of neck injury comorbidity across the life
span among patients with a concussion diagnosis in the emergency department (ED) setting, by cause of injury
(motor vehicle collisions [MVC] and sports).

Materials and Methods: All patients with a first concussion-related ED visit between fiscal years 2002/2003
and 2011/2012 (inclusive) in Ontario were identified in population-based health administrative data using the
International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Canada (ICD-
10-CA) codes. Age-dependent odds ratios of comorbid neck injury for sex were estimated using polynomial
multivariable logistic regression models, adjusting for sociodemographic characteristics.

Results: Females with a concussion had significantly higher odds of sustaining a comorbid neck injury between
the ages of 5-49 years for all concussion-related ED visits, 15-49 years for MVC-related concussion ED visits,
and 10-39 years for sports-related concussion ED visits, holding all other covariates in the model constant.
Conclusions: These results support the consideration of increased screening for comorbid neck injuries, particularly
for females, to allow for early intervention. Furthermore, the increased risk of comorbid neck injury in females with
a concussion-related ED visit was age-dependent, with the interaction between sex and age following a nonlinear
trend. As such, future studies on concussions should consider linear and nonlinear sex and age interactions.

Keywords: concussion, neck injury, sex, motor vehicle, sports

Introduction

RAUMATIC BRAIN INJURY (TBI) remains a major cause of
death and disability in the United States,' with ~3.5
million new injuries occurring each year” with an annual es-
timated economic cost of more than $70 billion (including
both indirect and direct medical costs).> The majority of in-
juries (75%) are mild in severity” and are frequently referred to

as concussions.* The overall incidence of TBI is higher among
malesz; however, clinical studies have shown that females are
at a higher risk of concussions in sports with similar rules.>
Furthermore, length to recovery post-injury has been found to
be longer among females, who are also more likely to have
persistent symptoms for more than a month.'®!" To date, al-
though there has been a plethora of research on TBI and con-
cussion, there is a paucity of studies assessing the prevalence
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of comorbid neck injuries among males and females with
concussion, across the life span and by cause of injury.

The important role of a co-occurring (comorbid) neck injury
(i.e., injury to the cervical spine region) with concussion is
reflected in the latest consensus statement on sports-related
concussions.* Literature supports that whiplash-associated dis-
orders and concussions share similar clinical presentations'>'¢
and have been found to commonly co-occur.!” In addition, in-
jury to the cervical spine region is particularly vulnerable to
concurrent concussion due to its proximity to the head and the
lack of protection relative to other regions (i.e., thoracic and
lumbosacral) of the spine.'® Evidence also supports that females
have weaker and anatomically distinct necks than males,'9’20
which suggests that the relationship between neck injuries and
concussions may be sex-dependent and that biological differ-
ences between males and females may be responsible for the
observed increased vulnerability among females to sustain
whiplash in motor vehicle collisions (MVC),?"** poorer prog-
nosis following injury,”>** and increased risk of concussion.”

While previous studies on neck injuries and TBI have in-
corporated sex as a risk factor,”*?’ they were based on samples
with mixed injury severity from major trauma centers and
were not population-based. To expand our understanding of
neck injury comorbidity at a population level among patients
with TBI that are mild in injury severity, a population-based
study of all patients with their first concussion-related emer-
gency department (ED) visit in a publicly funded health care
system was conducted. Due to the proclivity of concussions
and neck injuries in sports and MVC,>*?"?? this study fo-
cused on three distinct populations in the ED: sports-related
concussions, MVC-related concussions, and all concussions
(regardless of cause of injury). It was hypothesized that the rate
of comorbid neck injury among patients in the ED with a
concussion diagnosis would be higher among female patients
than among male patients, and the magnitude of risk would be
age-dependent, controlling for injury-related factors (mecha-
nism, intention of injury [against the injured person]) and other
sociodemographic factors (income, rurality of residence).?®

Materials and Methods

The Research Ethics Board at the Toronto Rehabilitation
Institute-University Health Network (TRI-UHN) and the Uni-
versity of Toronto Research Ethics Board approved this study.

Data source

Data on ED visits in Ontario, which has a universal health
care system that covers all publicly funded health care ser-
vices, were extracted from the Canadian Institute for Health
Information (CIHI) National Ambulatory Care Reporting
System (NACRS).29 These data were obtained through the
Ontario Cancer Data Linkage Program (cd-link). The cd-link
is an initiative of the Ontario Institute for Cancer Research/
Cancer Care Ontario Health Services Research Program
whereby risk reduced coded data from the Institute for Clinical
Evaluative Sciences are provided directly to researchers with
the protection of a comprehensive data use agreement.

Sample

Patients with a first concussion-related ED visit be-
tween fiscal years 2002/2003 and 2011/2012 (inclusive) were
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identified using the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision,
Canada (ICD-10-CA) code S06.0 in any of the 10 diagnosis
fields in the NACRS.* To maintain sample homogeneity
in terms of injury severity, only patients with mild injury
severity, as defined by the Abbreviated Injury Score of less
than three,31’32 were included.

Variables

Sociodemographic variables included age, sex, income,
rurality, and fiscal year of ED discharge. Income and rurality
were examined, as previous research suggests that persons of
lower socioeconomic status and rural residence have higher
rates of ED visits.*** Fiscal year of ED discharge was also
examined to account for the increased awareness of concussion-/
brain-related injuries in recent years.**~® Age was categorized
into 5-year age groups, ranging from age O to 4 years to 85+
years and treated as an ordinal variable in the logistic models
(described below). Sex was categorized as male and female
and was the main variable of interest in these models. Income
was assessed using five income quintiles, with one represent-
ing the lowest and five the highest level of income, adjusted for
household size and community.®® Rural residence was defined
based on the individual’s postal code, using the Canadian
Postal Code designation for rural.*

Injury-related variables included mechanism of injury and
intention of injury, which were defined as per the Centers for
Disease Control and Prevention Injury Matrix.*' Mechanism
of injury was categorized into falls, MVC, stuck by/against,
other transportation (e.g., pedal cyclist), and other. Intention
of injury was categorized as intentional and unintentional.
Sports-related concussions were identified and categorized as
a binary variable (yes vs. no) using the Association of Public
Health Epidemiologists in Ontario (APHEO) definitions of
different sports injuries.*? Using the definitions stated above,
patients in the ED were additionally stratified into those with
an MVC-related concussion and those with a sports-related
concussion Supplementary Table SS5.

The outcome variable was the presence of a comorbid neck
injury at the time of the ED visit. This was identified using
ICD-10-CA codes S12 to S17 and S19. Superficial injuries of
the neck (S10), open wounds of the neck (S11), and traumatic
amputation at neck level (S18) were excluded to align with
our hypothesis, namely that there may be higher rates of
comorbid neck injury among females due to differing neck
strength between males and females. Since the ICD-10-CA
codes S10 an S11 do not reflect this notion, they were not
included in this case definition of comorbid neck injury.

Statistical analyses

Frequencies and rates of comorbid neck injuries per
100,000 concussion-related ED visits during the study period
were determined, stratified by sex and cause of injury (MVC
and sports, as defined above regarding injury-related vari-
ables). A multivariable logistic regression model was used to
measure the odds ratios (ORs) and 95% confidence interval
(CI, Wald) for each of the covariates. All covariates except
for age were included as linear terms in the model. Age was
modeled as a cubic polynomial, that is, terms for age, age?,
and age® were included in the model. This is analogous to
using a polynomial regression.*>** Since the curves for the
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association between age and rate of comorbid neck injury
were different for male and female patients, the model in-
cluded an interaction term between the effects of age and sex.
Due to the fact that the sex and age interaction in the cubic
polynomial can be difficult to interpret, a more straightfor-
ward depiction of the effect for age and sex was reported by
calculating the ORs for each given age group and sex. Tests of
significance were two-sided tests with significance levels of
95%. All analyses were conducted using SAS 9.3,* and fig-
ures in this article were created using R 3.4.1.%¢

Results

Between fiscal years 2002/2003 and 2011/2012, 90,661
unique individuals were coded with a concussion-related ED
visit in Ontario. Patients with missing data of interest (i.e.,
mechanism of injury, intention of injury, rurality, or income
quintile; N=486) were excluded, leaving 90,175 patients for
inclusion, 58% of whom were males. By cause of injury,
8,134 patients (53% males) with TBI were in the ED due to an
MVC and 30,474 (70% males) were in the ED due to a sports
injury Supplementary Fig. 1.

Table 1 and Supplementary Table S1 present the socio-
demographic and injury-related characteristics of the three
samples examined. The rate of comorbid neck injury per
100,000 concussion-related ED visits was higher among fe-
males (4,333 vs. 2,995/100,000). This pattern was also ob-
served when the data were stratified by cause of injury (11,978
vs. 8,759/100,000 in MVC-related concussions and 4,207 vs.
2,794/100,000 in sports-related concussions). The rate of
comorbid neck injury was 2.89 times higher for patients with an
MVC-related concussion compared with all concussion-related
ED visits (2.92 times higher for males and 2.76 times higher
for females). From fiscal years 2002/2003 to 2011/2012,
concussion-related diagnoses in the ED setting increased by
19% among males and 83% among females while the rate of
comorbid neck injury remained relatively stable. However, over
this time period, the rate of comorbid neck injury among pa-
tients injured via MVC increased by 39% among males and
29% among females. Finally, for intentional injuries, the rate of
comorbid neck injury was 2.70 times higher for females than for
males, whereas only 1.39 times higher for unintentional injuries.

Figure 1 presents the rate of comorbid neck injuries per
100,000 patients with a concussion-related ED visit by
5-year age groups, sex, and cause of injury (MVC and
sports). Females had a higher rate of neck injury compared
with males between the ages of 10 and 50 years, after which
both males and females had similar rates of comorbid neck
injury.

Polynomial logistic regression model

Figure 2 and Supplementary Table S2 display the results of
the cubic polynomial logistic regression model, which pro-
duced a moving OR for sex (with males as the referent
population) by each 5-year age group. Females had signifi-
cantly higher odds of sustaining a comorbid neck injury be-
tween the ages of 5—49 years for all concussion-related ED
visits, 15-49 years for MVC-related concussion ED visits,
and 10-39 years for sports-related concussion ED visits,
adjusting for all other variables. Patients between the ages of
20 and 24 years had the highest odds of sustaining a comorbid
neck injury (OR =1.56 [95% CI: 1.47-1.80]), including those
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injured in an MVC (OR=1.26 [95% CI: 1.27-1.92]) and in
sport activities (OR =1.73 [95% CI: 1.42-2.10]). The overall
significance of sex in this model was found to be highly
significant (p<0.0001) for all three populations using the
log-likelihood test.

The ORs and 95% Wald CI of comorbid neck injuries for
all other covariates included in this model are presented in
Table 2. Among all patients with a concussion-related ED
visit, the odds of a comorbid neck injury among those injured
in an MVC was 3.40 times higher than the odds of the same
patient who experienced a fall (95% CI: 3.08-3.76). Other
covariates found to be significant for this population included
rurality (OR=1.21 [95% CI: 1.11-1.33]), sports injury
(OR=1.24[95% CI: 1.13-1.36]), fiscal year of ED discharge
(OR=0.98 [95% CI: 0.97-0.99]), and intent of injury
(OR=0.71 [95% CI: 0.57-0.87]). Among patients with a
sports-related injury, rurality (OR=1.22 [95% CI: 1.04-1.43])
and fiscal year of ED discharge (OR=0.97 [95% CI: 0.95-
0.99]) were significant, with similar trends to that identified in
the entire population. No other covariates included in the model
for MVC-related concussions were statistically significant.

Discussion

This study provided evidence that females with a concussion-
related ED visit between the ages of 5 and 49 years had a
significantly higher rate of comorbid neck injury than males
across all injury contexts (i.e., all concussions, MVC, and
sports). This was identified using interaction terms between
sex and age, where it was assumed that age did not follow a
linear trend, but rather, a cubic trend. This was a unique ap-
proach to modeling that, to the best of our knowledge, has not
been widely used in other concussion-related research.?®*’
Future studies on concussions should consider using similar
linear and nonlinear sex and age interaction terms across the
life span in their models and analysis.

Although results from this stud_/y contradict earlier studies
by Fujii et al.?® and Hasler et al.,*” these inconsistencies may
be attributed to differences in the methodology and sample
size, or the selection of patients with differing mechanisms
of injury (e.g., trauma center patients). Specifically, the above
studies analyzed the rate of cervical spine injury in major
trauma patients and reported that females had a lower
rate of neck injury (OR=0.90 [95% CI: 0.84-0.96] and
OR =0.91 [95% CI: 0.86-0.96], respectively) compared with
males.’®?” This study focused on the patients in the ED
setting with concussions that are of mild injury severity. As
such, findings from our study support increased attention
in the ED setting for a potential neck injury among fe-
males, aged 5-49 years, with a concussion (particularly those
between 15 and 49 years of age with an MVC-related con-
cussion and those between 10 and 39 years of age for a sports-
related concussion), to allow for early intervention and
treatment. In particular, further work is required to determine
the potential anatomical and biological differences that un-
derlie the apparent increased rate of comorbid neck injuries
among females with a concussion. Given that neck injury in
TBI has been linked to persistent postconcussive symptoms
such as dizziness, unsteadiness, gaze stability, and head—eye
coordination,> %47~ future efforts should explore sex-
specific differences in these postconcussive symptoms and its
impact on injury severity, recovery time, intervention, and
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FIG. 1. Rates of comorbid neck injury per 100,000 concussion-related emergency department visits in Ontario, Canada,

2002/2003-2011/2012, by 5-year age groups, sex, and cause of injury. The rates of neck injuries for the age group 70-74
years for MVC-related concussions and age group 60-64 years for sports-related concussions were not reported due to small

sample size. MVC, motor vehicle collision.

the rehabilitation process to support appropriate care and
management for patients.””

This study found that females, aged 15-49 years, who were
injured in an MVC had significantly higher odds of comorbid
neck injury, which may reflect the fact that individuals are not
legally allowed to drive until the age of 16 in Ontario.>* Si-
milarly, our results indicated that females, aged 10-39 years,
who were injured in a sports-related activity, had significantly
higher odds of a comorbid neck injury compared with males,
possiblsy reflecting a participation in sports among younger
adults.”® These findings encourage additional research to
understand how best to prevent head and neck injuries for this
population, including sex-specific prevention or harm reduc-

tion strategies such as improving protective equipment in
sports for both males and females, and safety measures for
motor vehicle drivers, occupants, or cyclists.

Data on other hypothesized variables, including mechanism
and cause of injury (i.e., MVC, sports injuries) and residence in
rural neighborhoods, were significantly associated with neck
injury comorbidity in all concussion-related ED visits, holding
all other variables constant. This is consistent with previous
studies, which reported higher odds of sustaining a neck injury
in MVC and sports-related incidents compared with all
concussion-related injuries.17’2"22’54 Furthermore, the re-
sults of our study suggest that females have a higher risk of
sustaining a comorbid neck injury across all causes of injury.
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FIG. 2. 0Odds ratio and 95% confidence interval of sex (reference =male) of comorbid neck injury among patients with a
concussion-related emergency department visits in Ontario, Canada, 2002/2003-2011/2012, by age groups and cause of
injury. The rates of neck injuries for the age group 70-74 years for MVC-related concussions and age group 60-64 years for
sports-related concussions were not reported due to small sample size.

Additionally, our study indicates that although overall rates for
neck injury were lower for intentional injuries, females who
suffer a concussion from an intentional injury may have a rate
of comorbid neck injury that is higher than that of males. These
findings further support a sex-specific approach to study and
analyze concussion data, particularly females whose injury is a
result of assault/violence.

Strengths and limitations

One of the main strengths of this study was the use of a
population-based data set, the NACRS, from a publicly
funded health system to identify all ED visits in the province

of Ontario, home to ~40% of the Canadian population.> Use
of these data eliminated some of the inherent issues previously
identified (i.e., insurance bias, attrition) in studying neck injury
comorbidity in concussion-related ED visits within nonpublicly
funded health care systems. Our study is the first, to the best of
our knowledge, to highlight the critical influence of age and sex
on neck injury comorbidity in concussion-related ED visits
across the life span. We used a novel method of modeling the
variable age with a cubic trend and as an interaction term with
sex, whereas previous related studies assumed linear trends for
these covariates.”®*’ Such an approach is the optimal meth-
odology in situations where male and female sex exerts dif-
ferential influence on the outcome variable (in this instance,



‘dnoi3 juarejar ‘joy

"9[qelIeA [BUIPIO UB SB PUAX) IedulT],
"¥S pue ¢S se[qe[, Areyuowa[ddng ur punoy oq ueds ‘xes pue dnois a5e 1eak-g £Aq @8 Jo [D %56 Put YO,

“ZS 91qe, Areyuowalddng pue g 23] ur punoj 9q ueo ‘dnoid afe 1eak-¢ £q ‘X35 JO [D %S6 PUB JO,

100°0 L8'0-LS0 SOL0 [euonuAuY

pEN| RN N [euonUIIUIUN) Ainfur jo uonyuajuy

,98IBYOSIp

c10°0 66'0-S6°0 €L6°0 66C°0 70'1-66°0 €I0°l €000 66'0—L6°0 860 dd Jo 1edf [eosig
0000 ¢’ I—¢I'l Sy S9X

pEN| pEN| pEN| ON Ainfur syrodg
¢100 e 110’1 12C1 STL 0 SI'T-6L°0 S96°0 000°0 eI YIC1 S9A

REN | Jod Jod Jod Jod Jod Jod Jod Jod ON Aypeany

CE]0 70 1-S6°0 S66°0 0S¢0 €0'1-¢6'0 9L6°0 S0€0 10'T-96°0 L86°0 ,owoduy
990°0 e01-€6°0 60°¢ (4400 90°'1-99°0 9€8°0 I_410
0000 80— 150 w90 880°0 1€1-860 120! uoneodsuen YO
0590 [T1-68°0 LEO'T LYC0 LT'T796°0 6S0°1 jsurese/£q yonng
88L°0 SL'T-S9°0 LO'T 000°0 9L°¢—80°¢ 10¥°¢ OAIN

Jod Jod Jod Jod Jod Jod red Aanfur Jo wsIUBYOIN

OWN OAQNCN\/ QSH .MO.M MO ®~mﬁﬁm ’ jou m_ Qhoﬂa ,omm @:N X3S EOOBHOL QOUONHOHEM 0] an g L®M<

X3S Jd[qeLIeA Y} I0J JO D—WEE ® jou ST 31y} ‘93¢ pue XaS uaamlaq uornderdiul 01 an nxvm

d 1D %S6 JO d 1D %S6 4O d 1D %S6 Jo L10821p) 12fJ

SUOISSNOUO0D NQNNENmk|hNka-%

SUOISSNIUOD PIIVI2L-DAN

SUOISSNOUO0D [y

2102/1102-£002/200C ‘YAVNVD) ‘OTIVINQ NI LISIA INTFALIVAA( AONTOYAWNH AALVIAY-NOISSNONOD) ISHL] V HIIM
SINAILVJ ONOWY SALVIIVAOD) ¥IHI(Q Y04 XININ] MOAN AIFIOWO)) A0 SAA() THL ONINIAVXH TAAOJA NOISSTIOTY OILSIDOT g 914V],

479



480

neck injury comorbidity) across different age groups. Finally,
previous studies included gatients with TBI that range in se-
verity from mild to severe’®?’; this study reduced the risk of
selection bias by only analyzing patients with concussion-
related ED visits and mild severity.

A recognized limitation of this study was that the number
of patients with a first concussion may be underestimated, as
the data set excluded patients with a concussion who (a) did
not visit the ED, but instead sought care from a family phy-
sician or an acute care setting; (b) did not seek any care at all;
or (c) were not diagnosed with an ICD-10-CA S06.0 code.
Therefore, this study may suffer from potential selection bias,
as only data on ED visits were included. We also adopted a
conservative ICD-10-CA case definition for concussion in-
jury, which was also used by other investigators.’® As a re-
sult, it is possible that concussions may have been missed in
the emergency room or were coded under other ICD-10-CA
codes such as “‘unspecified injuries to the head.” An addi-
tional limitation was that our study only included patients
with their first concussion-related ED visit between 2002/
2003 and 2011/2012; therefore, we were unable to determine
if they had concussion-related visits before the study period.
Limitations associated with health administrative data were
also recognized (e.g., variables of interest may have been
unavailable, missed diagnosis due to coding). Also, it is ac-
knowledged that this study examined age using 5-year age
groups, which may not be adequate to detect differences in
younger populations. Furthermore, it was not possible to
determine from health administrative data how these findings
may have been influenced by gender differences in reporting
concussion.”’’ > Finally, we recognize that the literature on
concussion in older adults is understudied and our finding
may reflect that lack of concussion protocols and complexity
regarding the identification of comorbidities in this popula-
tion.%° Despite these limitations, elucidation of sex differ-
ences in neck injury comorbidity across the life span could
have a tremendous impact on how neck injuries are viewed
and managed among patients with a concussion in the future.

Conclusions

This study showed an increased risk of comorbid neck in-
jury in females with a concussion-related ED visit, which has
strong implications for patients, clinicians, and decision-makers.
While there has been increased awareness of concussions in the
media in recent years, especially sports-related concussions,>*
this study supports the hypothesis that neck injuries and con-
cussions, which have similar symptoms,'*™'® frequently co-
occur.'” Therefore, our findings support the need for increased
consideration of comorbid neck injuries to allow for early in-
tervention, particularly for females, who have been found to be
most at risk for persistent symptoms.'*'! Most importantly, the
results of this study suggest that the biological differences be-
tween males and females,19’20 which determine the risk of co-
morbid neck injury, are age-dependent. This study showed a
clear interaction between age and sex and, therefore, itis crucial
to consider linear and nonlinear sex and age interactions across
the life span of patients in future studies on concussions.
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