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shown in Table 3. No significant difference was
found between the Utah severity data and the
national data, although results for rocks and cliffs
should be viewed with caution due to the small
number of Utah cases available for comparison.

Rocks/ No
Trees Cliff Gully trap
Head/neck 5 3 1 1
Chest 5 5 0 0
Abdomen 0 4.5 3 0
Extremities 2.5 3 0 0
General 1 2 1 1
N 10 7 13 12
Injury rate 0.9 1.0 4 4

Table 2. Median severity scores for AIS anatomi-
cal categories for each terrain trap type in Utah
avalanche accidents.

The incidence of terrain traps was also evalu-
ated across four behavioral risk management lev-
els of avalanche accident parties. As described by
McCammon (2004), these categories reflect quali-
tative differences in hazard recognition and mitiga-
tion steps taken by accident parties immediately
prior to the avalanche. Four risk management
levels were compared: no awareness of hazard,
awareness of hazard without mitigation, incom-
plete or ineffective mitigation, and full mitigation
precautions.
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Figure 3. Injury severity scores for terrain traps in
Utah.

Our data set contained 410 accidents with
complete information regarding level of risk man-

agement and presence or absence of terrain traps.

Comparison of the proportions of accidents involv-
ing no terrain traps and those involving terrain
traps yielded no significant differences across
levels of risk management (P = 0.814). In other
words, more skilled parties did not appear to ex-
pose themselves to fewer terrain traps than less
skilled parties.
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Rocks/ No
Trees Cliff Gully trap
Utah 26 7 18 19
Other U.S. 184 141 80 101
P 0.182 0.297 0.636 0.720

Table 3. Comparison of injury severity distribu-
tions between Utah and the rest of the United
States.

Our data set contained 973 avalanche victims
for which the level of risk management of the
group and the severity of injury were known.
Comparison of the incidence of minor or no inju-
ries to the incidence of serious injury or death
showed no significant difference across levels of
risk management (P = 0.097). In other words,
more skilled parties sustained about the same
proportion of severe injuries as unskilled parties.

5. DISCUSSION

In the majority of avalanche accidents in this
study, victims were swept through or into terrain
traps. In 90% of these cases, the terrain traps
were trees, cliffs, rocks or gullies.

Injury severity by type of terrain trap also
showed reasonable results. In both the Utah and
U.S. data sets, the absence of a terrain trap (open
slope running out into a flat or gently sloping ba-
sin) produced few traumatic injuries, as did burial
in a gully. In these cases, asphyxia was the pre-
dominant cause of death.

Trees appeared to be variable in their effects
on avalanche trauma. In some cases, victims were
swept through trees and sustained little or no
trauma. In the Utah data set, the cause of death
among these victims was invariably asphyxia. In
other cases, victims sustained serious or fatal
trauma. Avalanche victims in the Utah data set
most commonly sustained trauma to the head,
neck and chest.

Rock bands and cliffs appear to be fairly con-
sistent in their trauma effects on avalanche vic-
tims. Injuries appear to be common and often
serious or fatal in victims who are swept over cliffs
or through rock bands. Utah victims most com-
monly sustained trauma to the head, neck, chest,
abdomen and extremities. This trauma was often
fatal. National data suggests that the proportion of
accident victims who emerge uninjured from an
accident involving this type of terrain trap is likely
to be quite low.

These results may have important implications
for individuals who rely on avalanche rescue tech-
nologies. These devices generally aim to reduce
the effects of asphyxia by reducing the depth,
duration or hypercapnic consequences of burial
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(Brugger et al. 2007; Radwin and Grissom, 2002).
Because they do not protect explicitly against
trauma, such devices appear to be secondary to
prudent route choices and the prevention of acci-
dents that are likely to involve serious trauma.

These results also suggest that parties that
travel in treed or rocky avalanche terrain must be
prepared to aggressively treat traumatic injury in
the field. Wilderness medical skills remain outside
the curriculum of most avalanche training courses.
However, a clear and explicit emphasis on their
necessity seems appropriate in view of our find-
ings.

Finally, our results suggest that skilled parties
involved in accidents did not necessarily avoid
terrain traps with a greater frequency than nov-
ices. In addition, higher risk management levels
did not appear to decrease the overall severity of
injury. These results argue for more explicit pres-
entation of the relationship between terrain traps
and injury in avalanche courses, so that those who
travel in avalanche terrain can more fully antici-
pate the consequences of their route selection
decisions.

6. LIMITATIONS

There are number of limitations of this study
that suggest caution in broadly applying the re-
sults. First, as with any retrospective analysis,
systematic errors may exist in accident observa-
tions, reporting and record keeping that will com-
promise any statistical results. For example, the
reporting rate for avalanche accidents involving
serious injury or death is generally very high
whereas the reporting rate for accidents where all
victims are recovered uninjured may be quite low.

Second, the classification schemes used in
this study characterize complex phenomena with
very simple categories. Different injury patterns
may produce identical AIS and ISS scores, and
important regional differences in avalanche trauma
may not be apparent. Also, the AIS & ISS do not
take into account complications that may arise
when providing emergency medical care in a wil-
derness environment. Serious injuries that may
have a favorable prognosis in an urban environ-
ment may be drastically impacted by delayed ac-
cess to definitive medical care.

Third, this study only examined accidents
where a single type of terrain trap was involved.
Accidents involving more than one type of terrain
trap are not uncommon, and the effects of multiple
terrain traps on trauma type and severity remains
unknown.

Finally, this study has omitted a terrain feature
that appears commonly in accidents but is only
infrequently considered a terrain trap. Anecdotal
data suggest that avalanche victims who are
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swept long distances sustain greater trauma than
those swept shorter distances. Further research is
needed to understand the effects of this potentially
important terrain trap.

7. CONCLUSIONS

While other research has shown that asphyxia
is the main cause of death in avalanche victims,
this study provides evidence that traumatic injury
is relatively common among avalanche victims.
Certain terrain traps can result in trauma at a
higher frequency than others, and awareness of
these terrain traps would appear to play a crucial
role of prevention of serious injury in avalanche
terrain.
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