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Abstract

The rate of head injury is 1.86-6 times higher for snowboarding than for skiing. Detailed data about the
usefulness of a helmet or knit cap for protecting against serious head injuries have not been reported.
The present study evaluated the use of a helmet or knit cap for preventing head injuries. Questionnaire
data were collected from 1,190 consecutive patients in a hospital during the 1999/2000-2002/2003 win-
ter seasons at Uonuma ski resort, Niigata, Japan. Patients were divided into the helmet, knit cap, and no
cap groups. Upper technical level was highest and jumping as the cause of injury was most frequent in
the helmet group. After adjustment for other confounders, there was a significant negative association
between the occurrence of serious head injury during snowboarding and female sex (adjusted odds ratio
0.55, 95% confidence interval 0.421-0.718, p < 0.0001) and a significant positive association between
serious head injury and jumping (adjusted odds ratio 2.25, 95% confidence interval 1.48-3.43, p =
0.0001). Among snowboarding maneuvers, only jumping showed a significant negative association be-
tween wearing of a helmet or knit cap and the occurrence of serious head injury (p = 0.036). Snow-
boarders who wear helmets might attempt dangerous maneuvers causing injuries. Wearing of a helmet
or knit cap protected against serious head injuries on jumping. Every snowboarder should wear a hel-
met or knit cap on jumping to prevent head injury.
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ed with head injury.
Introduction
Materials and Methods
Snowboarding has gained great popularity in Japan,
particularly among the younger generation.
However, because of its techniques and associated

This study included 1,190 consecutive patients who
experienced head injury during snowboarding and

jumping, the rate of head injury is 1.86-6 times
higher for snowboarding than for skiing.%#!® Snow-
boarding has only recently been practiced as a win-
ter sport, so there is very little information available
regarding the mechanisms and means of protection
against head injury. Recently, helmet use was
reported to clearly reduce the incidence of head in-
jury in snowboarding.!®'”) However, the usefulness
of helmets in skiing and snowboarding is still con-
troversial.”,8:10,11,14,16)

The present study evaluated the efficacy of helmet
or knit cap use for protection against serious head
injuries, based on 1,190 snowboarders who present-
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consulted Saito Memorial Hospital between Decem-
ber 1999 and March 2003. This hospital is the only
institute of neurosurgery in Minami-uonuma city,
located about 200 km northwest of Tokyo, Japan,
and center of a famous Japanese winter sports resort
area with 34 skiing facilities. Approximately seven
million individuals visit this area each winter sea-
son. Serious head injury was defined as an incident
leading to traumatic amnesia, loss of consciousness,
craniofacial fracture, or intracranial lesion.

A questionnaire was prepared for each patient,
with inquiries regarding sex, age, level of snow-
boarding technique, incident slope, use of cap, and
related issues. The study was based on the data from
all patients’ questionnaires. The questionnaire was
answered by a related individual, if patients could
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not respond to questions. Technical level was divid-
ed into five classes, first time, beginner, intermedi-
ate, upper, and unknown. Headwear was classified
as helmet, knit cap, or no cap. Knit cap is a cap made
from knitted cotton, wool, acryl, and other materi-
als. The helmets are small, compact, and light, and
are widely sold as sporting goods in Japan. The hel-
met is made of ABS (acrylonitrile butadiene styrene)
resin, etc., in the U.S.A., Germany, France, and else-
where in accordance with safety standard
ASTM2040 (American Society for Testing and
Materials 2040), CEN (European Committee for
Standardization), and others. Incident slope was
classified as flat ground, steep slope, non-steep
slope, or jumping stand.

Values are mean * standard deviation. Univari-
ate analysis was performed to assess the relation-
ships between headwear and variables. The chi-
square test and Kruskal-Wallis test were used for
these analyses. After eliminating variables that were
closely related, some demographic variables and
variables statistically associated with occurrence of
head injury were analyzed further using multiple
logistic regression analysis. Variables in the final
model were selected according to a stepwise
method. The odds ratios (ORs) were calculated for
interactions of each confounder and occurrence of
head injury. Values of p < 0.05 were considered sig-
nificant.

Results

Table 1 summarizes the characteristics of all 1,190
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patients. Serious head injury occurred in 549 of the
1,190 patients (46.1%). The 1,190 patients were
divided into three groups according to the headgear
worn at the time of the incident: the helmet group,
knit cap group, and no cap group. The intracranial
lesions consisted of two cases of cerebral contusions
and three of subarachnoid hemorrhage in the helmet
group, 19 of subdural hematoma, four of
subarachnoid hemorrhage, two of cerebral contu-
sion, and one of intraventricular hemorrhage in the
knit cap group, and one of subdural hematoma, one
of subarachnoid hemorrhage, and one of cerebral
contusion in the no cap group. Surgery was per-
formed for four patients with acute subdural hema-
toma. Three of the four patients had no cerebral con-
tusion, and the bleeding point of the bridging vein
was confirmed during surgery. One of the four
patients had mild brain surface contusion, but the
bleeding point was not confirmed.

The male/female ratio was highest for the group
wearing helmets, followed by the groups wearing no
cap and a knit cap (p = 0.0023). The age of the hel-
met group was highest, followed by the knit cap and
no cap groups (p < 0.0001). The percentage of in-
dividuals at the upper technical level was highest in
the helmet group, followed by the knit cap and no
cap groups (p < 0.0001). Head injury on jumping
was most frequent in the helmet group, followed by
the knit cap and no cap groups (p < 0.0001). Serious
head injury showed the highest rate in the helmet
group, followed by the knit cap and no cap groups (p
= 0.0001). Craniofacial fracture showed the highest
rate in the helmet group, followed by the no cap and

Table 1 Summary of characteristics of 1,190 snowboarding patients

Number of patients (%)

Helmet Knit cap No cap Value
Total number 92 913 185
Sex male 70 (76.1) 570 (62.4) 134 (72.4) 0.0023
female 22 (23.9) 343 (37.6) 51 (27.6)

Age, years mean + SD 24.6 = 4.04 23.3 = 4.08 22.7 = 4.80 <0.0001

Technical level upper 31 (33.7) 117 (12.8) 12 (6.49) <0.0001
others 681 (66.3) 796 (87.2) 173 (93.5)

Slope on injury jump 56 (60.9) 362 (39.6) 39 (21.1) <0.0001
others 36 (39.1) 551 (60.4) 146 (78.9)

Serious head injury* positive 59 (64.1) 421 (46.1) 69 (37.3) 0.0001
Traumatic amnesia positive 31 (33.7) 247 (27.1) 36 (19.5) 0.026
Loss of consciousness positive 14 (15.2) 112 (12.3) 21 (11.4) 0.658
Craniofacial fracture positive 9 (9.8) 36 (3.9) 9 (4.8) 0.036
Intracranial lesion positive 5 (5.4) 26 (2.8) 3 (1.6) 0.120

Glasgow Coma Scale 15-13 58 414 68 0.620

12-9 1 0 1
8-3 0 7 0

*Serious head injury was defined as an accident with traumatic amnesia, loss of consciousness, craniofacial fracture,

or intracranial lesion.

SD: standard deviation.
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Table 2 Logistic regression analysis for risk fac-
tors for serious head injury with snow-
boarding using data for 1,190 snowboard-

ers
Variable Unit Adjusted OR (95% CI) p Value
Sex female 0.550 (0.421-0.718) <0.0001
Age 5 years 1.02 (0.890-1.17) 0.737
Jump yes 2.25 (1.48-3.43) 0.0001
Technique upper 1.17 (0.821-1.68) 0.39
Cap with jump helm.et or 0.036
knit cap
helmet 0.661** (0.323-1.35) 0.253
knit cap 0.770** (0.495-1.20) 0.245

*The Wald test was used to evaluate whether wearing
a helmet or knit cap had an effect on jumping. **Com-
pared to no cap when jumping. CI: confidence inter-
val, OR: odds ratio.

knit cap groups (p = 0.036), but there were no differ-
ences in incidence of loss of consciousness or in-
tracranial lesion.

Multiple logistic regression analysis was used to
explore independent risk factors for serious head in-
jury (Table 2). After adjustment for other confound-
ers, there was a significant negative association be-
tween the occurrence of serious head injury during
snowboarding and female sex (adjusted OR 0.55,
95% confidence interval [CI] 0.421-0.718, p <
0.0001) and a significant positive association be-
tween serious head injury and jumping (adjusted OR
2.25, 95% CI 1.48-3.43, p = 0.0001). Although no
significant association was observed between hel-
met or knit cap wearing and the occurrence of seri-
ous head injury overall (p = 0.056) (data not shown),
there was a significant negative association between
helmet or knit cap wearing and the occurrence of
serious head injury on jumping (p = 0.036).

Discussion

Interestingly, we found that female sex was associ-
ated negatively and jumping was associated posi-
tively with the occurrence of serious head injury.
This may be due to a difference in the participation
in dangerous activity like jumping between the two
sexes.»¥ An increase in spinal injuries has been
reported in advanced snowboarders attempting dan-
gerous maneuvers,’ and is consistent with links
between jumping and spinal injuries in snowboard-
ers.'821 Higher proportion of head injuries in associ-
ation with higher ability has also been reported for
both male skiers and snowboarders under age 18
years.? We emphasize that snowboarders perform-
ing dangerous maneuvers such as jumping causing
high energy injuries should wear a helmet or knit
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cap.
Although helmet use by skiers and snowboarders
is increasingly encouraged, recommendations are
generally based on data from helmet studies for
these sports.’® Wearing a helmet is effective for
preventing head injuries in skiers and snowboard-
ers.’®1”) We obtained the same finding. Head wear
including a helmet or knit cap protected against seri-
ous head injuries on jumping, but whether helmet
use prevents injuries in snowboarders is still con-
troversial. Helmets may increase cervical spine inju-
ry® and the incidence and the severity of injuries.”
Helmets may also restrict sight and hearing, and
contribute to an increase in collisions.1?

The present study suggests that snowboarders
who wear a helmet tend to attempt dangerous
maneuvers causing injuries. We speculate that
snowboarders wearing a helmet might be more like-
ly to suffer from serious head injuries. This paradox
may be one of factors which confound the judgment
as to whether a helmet is effective for protecting
against head injury during snowboarding. We could
not define the efficacy of helmet or knit cap use in
falls, only in jumping. We speculate that head wear
is effective for protection against high energy injury
in snowboarding.

Determination of optimum helmet design is clear-
ly very important.’? Clearly there is a risk for neck
or other injuries in skiers or snowboarders wearing
a helmet that is too large or heavy.? The findings
that helmets are harmless and valuable in reducing
severe head injuries in other sports including bicy-
cling,? ice hockey,'® and football? indicate that fur-
ther study is needed of alpine recreational helmet
design and efficacy in minimizing the effects of
similar impact injuries.

The present hospital-based study using a question-
naire examined whether use of a helmet or knit cap
is effective in protecting against serious head inju-
ries, using data obtained from 1,190 consecutive
snowboarders after adjustment for many confound-
ing factors. The results demonstrate that snow-
boarders who wear helmets might attempt dan-
gerous maneuvers such as jumping causing high
energy injuries and head wear including a helmet or
knit cap protected against such serious head inju-
ries. Every snowboarder should wear a helmet or
knit cap on jumping to prevent serious head injury.
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Commentary

Snowboarding has become a popular sport in the
mountain resorts. And for the younger generation
raised on skateboards, the transition for fun and ex-
citement to the snowboard has arrived in a big way.
Unfortunately, head injuries are more common than
for skiing. The younger male person who has little
fear in challenging jumps with or without a helmet is
more likely to make a bad landing and to have a seri-
ous injury. All we can do is warn and educate these
snowboarders.
Thomas B. Duckegr, M.D., F.A.C.S.
Department of Neurosurgery
Johns Hopkins University
Annapolis, Maryland, U.S.A.

After Prof. Wen ta Chiu, from an epidemiological
analysis, had reported significantly lower mortality
rates for motorcyclists after the introduction of com-
pulsory helmets in Taiwan, the obvious protective ef-
fect of helmets in sports with frequent head injuries
became “‘evidence based.”” This important report by
Fukuda et al. constitutes further significant support to
the idea that protection of the brain is by far more ef-
fective than treatment of head injury. The results of
this analysis are quite reassuring: Snowboarders, who
engage in jumping have an overall increased risk of
suffering a head injury, but they can certainly protect
their brains. It has become common practice to use
safety ski bindings, which release the boot when the
skier falls to protect the legs. As society as a whole
pays for the expense of severe head injury there
should be some incentive, e.g. reduced accident insur-
ance rates, based on this study to encourage protec-
tion of the head. The authors deserve our respect to
draw our attention to this effect with this sound study.
Raimund FIRscHING, M.D., L.R.C.P., M.R.C.S.

Klinik fiir Neurochirurgie
Otto-von-Guericke-Universitdt

Magdeburg, Germany
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