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Abstract: We investigated the relationship between the se- 
verity of ski injuries (n = 895) classified according to the 
abbreviated injury score (AIS; based on objective criteria for 
judging the severity of injuries) and the following factors: sex, 
site and mode of injury, skill level, speed at the time of injury, 
binding release, gradient, type of snow, surface conditions, 
weather, visibility, and the month and day of the week on 
which the injury was sustained. Age, sex, mode and site of 
injury, speed at the time of injury, binding release, visibility, 
and the month and day of the week on which the injury was 
sustained were associated with the severity of injuries, but the 
skill level, gradient, type of snow, surface conditions, and 
weather were not. Injuries with an AIS of 4 or higher ac- 
counted for only 4.6% of injuries (AIS scores range from 1; 
e.g., mild sprains, to a maximum of 6; injuries with scores of 4 
and above are regarded as life-threatening). Given that pa- 
tients with very severe injuries tend to be taken to our facility, 
the actual incidence of severe ski injuries may be even lower. 
However, measures to protect against severe injuries are 
needed to ensure greater safety for skiers. 
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Introduction 

Previous studies evaluating the severity of ski in- 
juries 2 6,8,Jo 12.14,17.18 have used inconsistent and subjective 
definitions of "severe",  that do not necessarily corre- 
spond to a "life-threatening" injury. Some studies clas- 
sified femoral  fractures, 17.18 rupture of three ligaments 
of the knee, 4 or dislocation of the hip joint 14 as severe, 
whereas other studies defined severe injuries as injuries 
that required prolonged hospitalization. 3.6 The abbrevi- 
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ated injury scale (AIS) 1 initially formulated by the 
Commit tee  on the Medical Aspects  of Automot ive  In- 
jury of the American Medical Association to score the 
severity of injuries caused by traffic accidents, has be- 
come the conventional scoring system for assessing the 
severity of  injuries. Knee sprains and ligament ruptures,  
lower leg fractures, cut wounds of the head, and sprains 
of the first finger are mild ski injuries with a correspond- 
ing AIS of 1 or 2. Severe or thopedic injuries, such as 
femoral  fractures, rupture of  three ligaments of the 
knee, and hip joint dislocations correspond to an AIS of 
3. Fatal injuries, 7,~3~15 thoraco-abdominal  injuries, 5,11,12 
and cerebrospinal  injuries 8 10 correspond to an AIS of 4 
or higher. 

We retrospectively assessed the AIS  of patients with 
ski injuries to determine factors that affect the severity 
of injuries. 

Subjects and methods 

We retrospectively evaluated 895 patients with ski inju- 
ries t reated at the Critical Care and Emergency Center  
of Iwate Medical University between 1987 and 1993. 
Patients were classified into groups according to their 
AIS. We assessed the severity of injuries in terms of age, 
sex, site and mode of injury, and other  factors likely to 
affect the severity of injuries, such as the skill level, the 
speed at the time of injury, binding release, gradient, 
type of snow, surface conditions, weather,  visibility, and 
the month  and day of the week on which the injury was 
sustained. Data  were obtained f rom the patients '  medi- 
cal records and the records of injuries maintained at the 
offices of the ski grounds. 

Skill levels were defined as follows: beginner, little 
experience, difficulty negotiating a slope; novice, 1-2 
years '  experience, able to negotiate a slope; middle 
level, 3 or more  years '  experience, able to negotiate a 
medium or steep slope; advanced, ability comparable  to 
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that of a competitive skier. The speed at which the 
injury occurred was classified as excessive (out of con- 
trol), safe (under control by the patient), or stationary 
(full stop on the slope, including a stop due to a fall). 
Speed was assessed on the basis of the patient 's descrip- 
tion. The gradient was classified as gentle (0-9 degrees), 
moderate  (10-19 degrees), or steep (20-29 degrees). 
The type of snow was classified as fresh, wet, crystal, or 
frozen. The surface condition of the slope was classified 
as smooth, irregular, rough, or deeply snow-covered. 
Weather  at the time of injury was classified as fair, 
cloudy, snowy, or other. Visibility was classified as good, 
moderate,  or poor. Differences in mean age among the 
patient groups were analyzed by an unpaired non- 
parametric test (Wilcoxon's test). The independence of 
each item was analyzed by the ; (  test for patients classi- 
fied into groups according to the AIS as follows: AIS of 
1, 2, 3, and AIS of 4-6. A P value <0.01 was considered 
statistically significant. 

Results and discussion 

Of the 895 injured skiers, 1 patient (0.1%) had an 
AIS of 6 (maximum injury), 8 (0.9%) had an AIS of 5 
(survival uncertain), 34 (3.8 %) had an AIS of 4 (life- 
threatening), 70 (7.8%) had an AIS of 3 (severe but not 
life-threatening), 340 (38.0%) had an AIS of 2 (moder- 
ate), and 442 (49.4%) had an AIS of i (minor) (Fig. 1). 

The site of injury was significantly correlated with the 
AIS (P < 0.0001). Injuries to the extremities were sig- 
nificantly more  common in patients with an AIS of 1-3 

than in patients with a higher AIS (Fig. 1). Among 
patients with an AIS of 1, the next most common inju- 
ries were head and face injuries. Injuries to the abdo- 
men were the second most common injury in patients 
with an AIS of 3, followed by head and chest injuries. 
Among patients with an AIS of 4 or higher, there was 
only one injury to the extremities; the most common 
sites of injury in these patients were the head, neck, and 
chest. 

The 895 patients consisted of 577 men (64.5%) and 
318 women (35.5%). There was a significant association 
between sex and AIS distribution (P < 0.0001). The 
proport ion of men increased significantly with increas- 
ing AIS (Fig. 2). All injuries with an AIS of 5 or 6 
occurred in men. 

The mean age of the 895 patients was 30.9 _+_ 11.0 
years; the majority of patients were in their twenties. 
There was no significant difference in age between 
sexes. There was a significant association between age 
and AIS (P < 0.0001). The proport ion of patients be- 
tween 40 and 60 years of age increased significantly as 
the AIS increased from i to 4 (Fig. 3). All patients with 
an AIS of 5 or 6 were in their teens or their twenties. 
It is possible that age-related decreases in physical 
strength and motor  ability contributed to this phenom- 
enon. Most injuries with an AIS of 5 or 6 occurred in 
physically strong young men in their early twenties. 
Other  studies have suggested that recklessness in this 
young group contributes to injuries. 7-9,m5 

There was a significant association between the cause 
of injury and AIS (P < 0.0001; Fig. 4). Fall-related 
injuries accounted for about 70% of injuries with an 

Fig. 1. Ski-related injuries by abbrevi- 
ated injury score ( A I S )  1 and site of 
injury 
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Fig. 2. Male/Female distribution 

Fig. 5. Relation of binding release to injury; data for 232 
subjects for whom details were not known are omitted from 
this graph 

Fig. 3. Age distribution of subjects with ski-related injuries 

Fig. 6. Speed at which injury was sustained; data for 271 sub- 
jects for whom data were not known omitted from this graph 

Fig. 4. Causes of ski-related injuries. Interpersonal, Collision 
with another person; Collision, Collision with an object 

AIS  of  1 or  2, and injuries re la ted  to a collision with 
an object  accounted  for  about  5%. A higher  A I S  was 
significantly more  c o m m o n  a m o n g  injuries re la ted to 
collisions with an object  than  in injuries related to falls 
or  collisions with o ther  skiers. 

The  obstacle the skiers coll ided with was an upright  
t ree in 47 individuals, a lift post  in 8, a s tructure such as 
a s ignboard,  guidepost,  or  light post  in 5, a protect ive 
fence in 5, a stretched protect ive  rope  in 4, an upright  
pole for  compet i t ion  in 2, and a snowbank  in 1. Injuries 
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Fig. 9. Month in which injury was sustained 

Fig. 7. Visibility when injury was sustained; data for 248 sub- 
jects for whom details were not known omitted from this 
graph 

Fig. 8. Day on which injury was sustained 

due to collision with a stretched rope or competition 
pole had an AIS of i or 2. 

Bindings released in 361 injuries and failed to release 
in 302. Binding release was more common than failure 
to release at an AIS of i (Fig. 5). At  an AIS of 2, failure 
to release was slightly more frequent than release. 
When the AIS was 4 or higher, the bindings released in 
most instances. Binding release was significantly corre- 
lated with a higher AIS (P < 0.0001). The present 
findings showed that the application of a strong external 
force to the head, neck, or trunk caused serious trauma. 

Collision with an obstacle and binding release may pro- 
duce such an external force.  3,436 

Injuries occurred at an excessive speed in 228 in- 
stances, a safe speed in 363, and with the individual in 
the stationary position in 33 (Fig. 6). Injuries at a safe 
speed were common in patients with AIS 1 and 2 inju- 
ries. As the AIS increased, the incidence of injuries 
that occurred at an excessive speed increased. There  
was a significant association between excessive speed at 
the time of injury and a higher AIS (P < 0.0001). Down- 
hill skiing at a high speed is associated with severe 
injuriesY,5,6, I5 

In our study, visibility was good in 462 instances, mod- 
erate in 150, and poor  in 35. At  an AIS of 4 or higher, 
only one injury occurred at poor  visibility (Fig. 7). There  
was a significant association between good visibility at 
the time of injury and the AIS (P = 0.010). Good visibil- 
ity may facilitate downhill skiing at high speed. 

Injuries were sustained most frequently on holidays 
and on Sundays (n = 419), followed by the day preced- 
ing a holiday and Saturdays (n = 257), and then week- 
days (n = 219) (Fig. 8). AIS 1 and 2 injuries occurred 
more frequently on holidays/Sundays or the day pre- 
ceding holidays or Saturdays. With higher AIS, the 
number of injuries sustained on a weekday increased. 
There  was a significant association between the day of 
the week on which the injury was sustained and the AIS 
(P < 0.0001). The lack of crowding on weekdays ap- 
pears to facilitate downhill skiing at a high speed. On 
weekends and holidays, when the slope is crowded, the 
high density of people on the slope prevented skiers 
f rom skiing at a high speed. 

The AIS was not significantly associated with the skill 
level (P = 0.18). Although some studies have suggested 
that advanced skill level is a risk factor for severe inju- 
ries because it is associated with increased speed, TM we 
found no significant association between advanced skill 
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level  and  the  sever i ty  of  injury.  T h e s e  f indings may  be  
r e l a t ed  to  recen t  i m p r o v e m e n t s  in ski e q u i p m e n t  tha t  
enab le  even  nov ice  skiers  to  ach ieve  high speeds .  

In jur ies  occu r r ed  mos t  f r equen t ly  in J anua ry  and  
F e b r u a r y  (Fig. 9). M o d e r a t e  o r  m i n o r  in jur ies  wi th  an 
A I S  of  1 or  2 we re  c o m m o n  in D e c e m b e r ;  in jur ies  with 
an  A I S  of  3-5  were  f r equen t  f rom F e b r u a r y  to Apr i l .  
T h e  assoc ia t ion  b e t w e e n  the  m o n t h  of  in jury  and  distr i-  
bu t i on  of  A I S  was signif icant  (P  < 0.0001). 

T h e r e  was no  signif icant  a ssoc ia t ion  b e t w e e n  A I S  and  
the  g rad i en t  ( P  = 0.33), the  type  of  snow ( P  = 0.27), the  
sur face  cond i t ions  (P  = 0.32), or  the  w e a t h e r  (P  = 0.28). 
A l m o s t  all  ski s lopes  in Iwa te  P re fec tu re  a re  art if icial  
courses  m a d e  by  fel l ing t rees ,  and  the i r  surface  condi -  
t ions,  and  the  type  of  snow, and  the g rad ien t s  m a k e  for  
g o o d  condi t ions ;  poss ib ly  because  of  these  good  condi -  
t ions  these  fac tors  d id  no t  inf luence  the  sever i ty  of  
injuries .  

Conclusions 

T h e  A I S  was d e v e l o p e d  by  the  C o m m i t t e e  on M e d i c a l  
A s p e c t s  of  A u t o m o t i v e  In ju ry  of  the  A m e r i c a n  M e d i c a l  
A s s o c i a t i o n  for  use in g rad ing  the  sever i ty  of  a n a t o m i c  
in jur ies  in a u t o m o b i l e  acc iden t  victims. This  scale was 
r ev i sed  th ree  t imes  and is now an  in tegra l  pa r t  of  
wha t  has  b e c o m e  an  i n t e rna t i ona l l y  r e cogn i zed  scale 
for  g rad ing  the  sever i ty  of  a n a t o m i c  in jury  fo l lowing 
t r auma .  W e  classif ied ski in jur ies  accord ing  to  the  A I S  
and  fo rced  tha t  age,  sex, m o d e  and  site of  injury,  s p e e d  
at  the  t ime  of  injury,  b ind ing  re lease ,  visibil i ty,  and  the  
m o n t h  and  day  of  the  w e e k  on  which  the  injury was 
sus t a ined  were  a s soc ia t ed  with  the  sever i ty  of injur ies ,  
bu t  the  skil l  level ,  g rad ien t ,  t ype  of  snow, surface  condi -  
t ions,  and  w e a t h e r  were  not.  In ju r ies  with an  A I S  of  4 or  
h igher  a c c o u n t e d  for  only  4 .6% of  all  pa t ien ts .  G i v e n  
tha t  pa t i en t s  wi th  ve ry  severe  in jur ies  t end  to be t a k e n  
to our  facil i ty,  the  ac tua l  inc idence  of  severe  ski in jur ies  
m a y  be  even  lower .  H o w e v e r ,  m e a s u r e s  to p ro t ec t  
aga ins t  severe  in jur ies  a re  n e e d e d  to ensure  g rea t e r  
safe ty  for  skiers.  
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