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M i  t h i n  the l a s t  decade, cross-country s k i i n g  has d is t ingu ished i t s e l f  as a 
popular recreat ional  pastime, method o f  aerobic condi t ioning and l i f e t i m e  
sport. The increased p a r t i c i p a t i o n  o f  i nd i v idua ls  o f  a l l  ages a t  a v a r i e t y  
o f  s k i  11 leve ls  , has generated i n t e r e s t  i n  cross-country technique. However, 
a review o f  the l i t e r a t u r e  reveals a l i m i t e d  amount o f  cross-country s k i  
technique research, the major1 t y  o f  which was conducted w i t h  h igh ly  sk i1  l e d  
male and female cross-country s k i  racers. Since the  f indings and conclusions 
reported from these studies cannot be assumed t o  be appl icable t o  a l ess  
sk i l l ed ,  h igh school age sk ie r ,  there  ex is ted a need for  a study of t h i s  age 
group. Thus, t h i s  research was designed t o  determine the e f fec ts  o f  f a t i gue  
on the biomechanical cha rac te r i s t i cs  o f  the diagonal s t r i d e  technique demon- 
s t ra ted by male, h igh school age sk iers .  

Learning t o  s k i  i n  an e f f e c t i v e  and s k i l l f u l  manner al lows the sk ie r  t o  
move a t  an increased v e l o c i t y  whi le  using energy more product ively.  This 
fact  becomes o f  great  Importance i f  the ind iv idua l  i s  involved w i t h  racing, 
e i the r  as a c i t i z e n  racer o r  a high-school -team par t i c ipan t .  Covering the  
race distance a t  a consistent pace w i t h  e f fec t i ve  fo rce  production and con- 
servat ion o f  energy w i l l  a l low the s k i e r  t o  f i n i s h  the race faster and less  
fatigued, Achieving an e f f i c i e n t  s k i i n g  movement i s  dependent on the effect- 
i v e  execution of cross-country s k i  technique. 

O f  the various cross-country s k i  techniques, the  diagonal s t r i d e  was 
selected f o r  study since i t  i s  a comnan technique used repeatedly by sk iers  
o f  a l l  s k i l l  leve ls ,  Three aspects o f  the diagonal s t r i d e  which are  c r i t i c a l  
to maintaining e f f i c i e n t  s t r i d e  performance are  the s t r i d e  length, s t r i d e  
r a t e  and the hor izontal  v e l o c i t y  achieved by the  sk ier .  A s k i e r ' s  v e l o c i t y  
can be improved by increasing the  s t r i d e  length,  s t r l d e  ra te ,  o r  both sim- 
ultaneously (Dil lman i n  Evans, 1980; Taylor, 1979). The major factor causing 
ve loc i t y  di f ferences between ind iv idua ls  i s  the length  o f  the s t r i d e  (Dillman, 
Ind ia  & Martin, 1979; Haberl i ,  1977; Marino, T i  t ley  L Gewais, 1980). Length- 
ening the s t r l d e  t o  achieve greater distance per s t r i d e  i s  d i r e c t l y  r e l a t e d  
t o  the energy generated dur ing the k i c k  phase ( ~ a b e r l  1 , 1977 ; Taylor, 1979) . 
Bet ter  sk iers  create a greater t h r u s t  impulse i n  a shorter durat ion of t ime 
(Di 1 lman, 1978; Ekstrom, 1979; Sol iman, 1977 ; Maser, 1976). Comparisons of 
s k i l l e d  and average sk iers  have shown t h a t  s t r i d e  r a t e  i s  responsible for  
on ly  a small p a r t  of  the v e l o c i t y  d i f fe rences between the two groups. Cover- 
ing more distance per stroke has a greater ef fect  on the s k i e r ' s  v e l o c i t y  
(Dillman, Ind ia  & Martin, 1979). 

S t r i de  lengths varying from 1.88 meters t o  2.83 meters were reported for  



e l  1  t e  male skiers by Waser (1976). S l i g h t l y  shorter diagonal s t r i des  ranged 
from 1.74 meters t o  2.29 meters f o r  the h igh ly  s k i l l e d  female cross-country 
s k i  racers filmed by Marirto e t  a1 . (1979). S t r i de  ra tes  measured by Waser 
(1976) ranged from 9 l lminute  to, 135lminute for  the male, h igh ly  s k i l l e d  skiers.  
The hor izontal  ve loc i t i es  reported f o r  a group of h igh ly  s k i l l e d  men var ied 
from 3.98 t o  5.18 meters/second (Waser, 1976), wh i l e  values from 3.31 to 
4.28 meters/second were recorded f o r  h igh ly  s k i l l e d  women sk iers  by Marino 
e t  a1 . (1980) . 

Although s t r i d e  length, s t r i d e  r a t e  and hor izontal  v e l o c i t y  are consider- 
ed t o  be important components o f  the diagonal s t r i de ,  they are  no t  the on ly  
fac tors  which may affect the s t r i d i n g  technique. The moun t  o f  time a sk ie r  
takes to  complete the e n t i r e  s t r i de ,  as wel l  as time i n  each of the phases o f  
the s t r i de ,  a lso r e f l e c t s  the e f f i c i e n c y  o f  the sk ier .  As noted, be t te r  sk iers  
have a  shorter k i ck  t ime and are  ab le  t o  produce more fo rce  i n  a shorter amount 
o f  time than i s  a  l ess -sk i l l ed  s k i e r  (Dillman, 1978; Ekstrom, 1979; Soliman, 
1977 ; Waser, 1976). The average k i c k  t ime recorded for  women by Marino e t  a1 . 
(1980) was 50.2 percent o f  the t o t a l  t ime taken to complete the s t r i d e ,  Fol-  
lowi ng the k ick ,  the sk ie r  moves i n e d i a t e l y  i n t o  a  g l  i de  on the opposite sk i  . 
Nigg and Waser ( i n  Marino e t  a1 ., 1980) found the g l i d e  phase t o  be longer 
(27 percent o f  the t o t a l  s t r i d e )  f o r  the exce l lent  and good sk iers  than for 
the less -sk i l l ed  skiers.  A considerably smaller mean g l i d e  t ime of 17.2 per- 
cent o f  the t o t a l  s t r i d e  t ime was recorded by Marino e t  a1 . (1980) f o r  female 
subjects. From the g l i d e  phase, the  sk ie r  moves t o  the po le  p lant ing po r t i on  
o f  the s t r i d e  which serves no t  on ly  t o  provide balance fo r  the less -sk i l l ed  
sk ier ,  but  i s  a  method o f  fo rce  production when performed co r rec t l y .  Nigg 
and Waser ( i n  Dlllman, 1978) s t a t e  t h a t  exce l lent  cross-country skiers have 
the shortest  pole p lant ing .phase. 

The pos i t i on  o f  a  s k i e r ' s  body i s  important i n  obta in ing maximum e f f i -  
ciency. Invest igators have emphasized several body angles i n  each of the 
phases which a f fec t  s t r i d e  performance. During the k i c k  phase, Fisher and 
Dil lman (1980) s t a t e  t h a t  the t runk should be s l i g h t l y  f lexed so t h a t  a  45 
degree angle t o  the hor izonta l  i s  formed. A t  the same time there should be 
an open angle behind the knee and a  f l exed  sh in  angle o f  less  than 90 degrees. 
Such a  body pos i t i on  places the center o f  g r a v i t y  wel l  over the toes so t h a t  
an e f f i c ien t  k i ck  w i l l  propel the s k i e r  forward down the track.  Sol iman 
(1977) repor ts  lower l eg  angles varying from 58 t o  70 degrees for  the k ick,  
wh i le  Waser (1976) places the optimum angle a t  53 degrees. Following the 
kick,  the sk ie r  moves i n t o  a  balanced body pos i t i on  w i t h  the body weight on 
the opposite sk i .  Soliman (1977) repor ts  t h a t  the mean center of g r a v i t y  
i s  ra ised during the g l i d e  by increasing the g l i d i n g  leg ' s  mean angle. Fisher 
and Dil lman (1980) s t a t e  t h a t  when g l i d ing ,  a l l  o f  the body's weight should 
be car r ied s l i g h t l y  behind the  b a l l  o f  the g l i d i n g  foot .  The sh in  should be 
i n  a  mare v e r t i c a l  pos i t i on  than where i t  was f o r  the k ick ing phase. The 
g l i d i n g  phase comes to an end as the sk ie r  p lants  the s k i  pole. Mar t in  (1980) 
suggests t h a t  the pole be inser ted i n t o  the snow close to the toe of the for-  
ward f o o t  and the body's center o f  g r a v i t y  angle, lower 1  eg and trunk angles 
be kept f a i r l y  low. 

Due t o  the sca rc i t y  o f  research using younger subjects, 1  i t t l e  i s  known 
about the young s k i e r ' s  technique as they begin t o  become fatigued. Research 
completed w i t h  h igh ly  s k i l l e d ,  o r  e l i t e ,  sk iers  has suggested t h a t  the diagonal 
s t r i d e  technique i s  a f fec ted by f a t i g u e  and possibly condi t ioning (Waser, 1976). 



The diagonal s t r i d e  technique of the top f i n i sh ing  world c lass sk iers  
filmed by Waser (1976) on a 15 km course, experienced approximately equal 
amounts o f  shortening the s t r i d e  length  and decreasing the s t r l d e  ra te ,  I n  
a comparison group of less-ski1 l e d  skiers,  l oss  of speed was caused by a short-  
ening of the s t r i d e  length. A s i m i l a r  shortening o f  s t r i d e  length occ~rrred 
during a 30 km race f i lmed by Shapashnikova and Bozheninov (1973). I n  t h i s  
race, the top s k i e r ' s  s t r i d e  length  decreased from 1.89 to  1.73 meters on a 
rnediun ascent course between the 22 and 28 km points.  Even though the s t r i d e  
length decreased, the s t r i d e  r a t e  was increased, resu l  t l n g  i n  a maintenance 
of speed. The top ten sk iers  experienced a lower v a r i a b i l i t y  of average 
speed and r e l a t i v e  speed changes, whi le  the bottoni ten sk iers  had a greater 
average speed v a r i a t i o n  and la rge r  speed changes for  the three 10 Ian loops 
o f  the race, 

METHODS 

The subjects f i lmed f o r  t h i s  study were 21 male, h igh school, v a r s i t  , cross- 
country s k i  racers ranging I n  age from 15 t o  18 years (X  = 16.5 yrs  .r . Each 
sk ier  had par t ic ipated i n  approximately the same nunber of s k i  meets p r i o r  t o  
the f i lming due t o  r e s t r i c t i o n  by the Minnesota State High School League. 
Previous on snow pract ice,  cont ro l led by snowfall ,  was approximately the same 
for each sk ier .  

The f i lmed race consisted o f  sk i i ng  a 5 tan loop course two times. Each 
subject was f i lmed tw ice wh i le  performing the  diagonal s t r i d e  on a 30 foot  
section of the race course which had approximately a 5 percent grade, The 
f i lming o f  each subject  occurred near the 4,4 and 9.4 Ian mark. The camera 
was placed 13.86 meters from the se t  s k i  t rack  a t  a r i g h t  angle to it. The 
sk iers  about to enter the  f i l m i n g  sector were c l e a r l y  v i s i b l e  t o  the invest -  
i ga to r  which allowed s u f f i c i e n t  t ime i n  which to s t a r t  the camera so t h a t  i t  
reached the  proper f i lm ing speed before the sk iers  were ac tua l l y  s k i i n g  i n  
the f i l m  plane. 

Data were co l lec ted by f i l m i n g  the subjects a t  100 frames per second 
w i th  a 16 mn Photosonic 1-PL high speed camera u t i l  i z i n g  an Elgeet 13 mn 
f: 1.5 wide angle lens. b d a k  RAR Estar-AH base 2498 f i l m  was used for  t h i s  
pro jec t .  Addi t ional  f i l m  was kept nearby i n  an. insu la ted cooler t o  p ro tec t  
the f i l m  from the 10 degree snow and a i r  temperature. I n  an attempt to 
control  the camera and f i l m  temperature, a hood from a down jacket  was placed 
over the camera and f i l m  magazine. The lens was not  covered. When necessary, 
changing of the f l l m  magazine was done as qu ick l y  as possible. A one-meter 
distance reference pole was placed i n  the f i l m i n g  sector f i v e  inches i n  f r o n t  
o f  the s k i  t rack.  To prevent the po le  i n  the foreground from s ink ing i n t o  
the snow, the ends of the pole were set  on two cardboard boxes and l e v e l l e d  
w i th  the s k i  t rack.  The pole was f i lmed i n i t i a l l y  i n  both a hor izonta l  and 
v e r t i c a l  pos i t i on  d i r e c t l y  above the s k i  t rack  to provide a reference d i s -  
tance i n  the f l l m  plane. 

The procedure of  d i g i t i z i n g  a t  33 frames per second throughout one com- 
p le te  diagonal s t r i d e  from both rounds o f  the race was used to quant i fy 21 
selected body and equipment points.  The f i l m  was projected by a Lafayette 
Analyzer and po in ts  recorded by a Numonlcs 224 d l g i  t i z e r  In ter faced w i t h  a 
Hew1 ett-Packard 2647A Graphics Terminal . The recorded data were then 



t ransferred to  a Cyber 174 computer fo r  fu r the r  analysis by a Fortran I V  com- 
puter program w r i t t e n  t o  ca lcu la te  angular ve loc i t y  and pos i t ion,  hor izontal ,  
v e r t i c a l  and resu l tan t  ve loc i t i es ,  as wel l  as the pos i t ions of the centers 
o f  g r a v i t y  of each segment. From the information provided by the computer 
program, the s k i e r ' s  average s t r i d e  length,  s t r i d e  r a t e  and hor izontal  ve l -  
oc i  t y  was calculated. One t a i l  dependent $ t e s t s  were used to  compare s t r i d e  
length, s t r i d e  r a t e  and hor izontal  v e l o c i t y  fo r  the two rounds of the race. 
Corre la t ion coeff ic ients were ca l  culated t o  determine the strength of the 
re la t i onsh ip  between s t r i d e  length  and hor izontal  ve loc i ty ,  s t r i d e  length  
and s t r i d e  ra te ,  and s t r i d e  r a t e  and hor izontal  ve loc i t y .  

RESULTS 

The descr ip t ive  data found i n  Table 1 for the s t r i d e  lengths, s t r i d e  ra tes  
and hor izontal  v e l o c i t i e s  fo r  both rounds of the race included ca lcu la t ing 
means, standard deviat ions and t tes ts ,  The diagonal s t r i d e  technique 
demonstrated by the high school sk iers  i n  t h i s  study revealed t h a t  they had 
shorter s t r i d e  1 engths, comparable s t r i d e  ra tes  and considerably 1 ess hor- 
i zon ta l  ve loc i t y  than e i t h e r  h igh ly  s k i l l e d  male o r  female cross-country s k i  
racers. No s ign i f i can t  d i f fe rences were found t o  e x i s t  between the values 
recorded for the s t r i d e  lengths, s t r i d e  ra tes  o r  hor izonta l  v e l o c i t i e s  used 
on the two loops of the race. 

Means, Standard Deviations and T Test Coeff ic ients 
fo r  the Diagonal S t r i d e  Character is t ics  

Round One Round Two Round One vs, 
Mean S t .  Dev, Mea n St, Dev. Round Two 

S t r i de  
Length, m ,78 ,18 .82 .19 - .80 

S t r i de  
Rate, 
strides/min, 116 16.2 108.5 15.3 1-62 

Horl zontal 
Veloci t y  , 
m/sec. 5.48 .31 1 ,45 .25 .32 

Signi f icance needed a t  ,05 l e v e l  = 1.129, one ta i l ,  df 19. 

Measurement o f  the s t r i d e  length,  s t r i d e  r a t e  and hor izonta l  v e l o c i t i e s  
o f  the sk iers  f o r  both rounds o f  the race al lows for f u r t h e r  analysis t o  be 
done. Coaches as wel l  as sk iers  a r e  in terested i n  the re la t i onsh ip  between 
s t r i d e  length, s t r i d e  r a t e  and hor izonta l  v e l o c i t y  i n  add i t i on  t o  the con- 
t r i b u t i o n  o f  the s t r i d e  length  and r a t e  t o  the t o t a l  s t r i de .  Corre la t ion 
coe f f i c ien ts  reported i n  Table 2 reveal  t h a t  on the f i r s t  loop o f  the race, 
those skiers w i t h  the longest s t r i d e  lengths tended t o  possess a greater 



horizontal ve loc i ty  than those skiers wi th  shorter s t r i d e  lengths. The 
resul ts  also Indicate tha t  as a sk ier  lengthens the s t r ide,  the s t r i de  
ra te  decreases. Very low corre la t ion meff  i c ien ts  were found for both 
rounds when the s t r i de  rates o f  the 21 skiers were correlated w i th  horizontal 
ve loc i ty  , 

Table 2 

Correlation Coef'f i c ien ts  for St r ide Length, S t r ide  Rate and 
Hor lmnta l  Veloci ty Relationships f o r  Round One and Round Two 

Round One Round Two 
Str ide Horizontal S trl de Hori zontal 
Rate Velocl t y  Rate Veloci ty 

Str lde Length - 3 3  .a3 - .63 . 55 

Str ide Rate .02 .06 

A sk ier 's  a b i l i t y  and eff ic iency has been shown to affect the amount 
o f  time used t o  canplete the s t r i de  phases. The percent o f  the t o ta l  s t r i d e  
time each phase required was substant ia l ly  dl f ferent f o r  the high school age 
skier than found w i th  highly sk i l l ed  individuals.  As shown i n  Table 3, a 
r i g h t  leg kick comprised 16 percent of the t o ta l  s t r i de  f o r  both rounds of 
the race. The g l i de  phase fol lowlng the r i g h t  leg  k ick was a considerably 
ma1 l e r  8 percent of the t o ta l  s t r i de  for round one and round two of the 
race. These percentages were calculated fm the length of time each phase 
lasted, The time i t  took to-execute a r i g h t  leg  k ick was s l gn l f i can t l y  
different ( = -1.759, signi f icance needed a t  .05 l eve l  = 1.729, df = 19) 
between the 'e m, loops o f  the race as shown by a one t a i l  dependent t test .  

Table 3 

Phase Percentages f o r  the Right St r ide Time 

- - 

Round One Round Two 

Kick 16 16 

G l  i de  

Pol e 

The young racers i n  t h i s  study exhibited body angles s iml lar  t o  those 
seen i n  the diagonal s t r i de  technique o f  highly s k i l l e d  skiers. Durlng the 
kick phase, the trunk pos i t lon had a greater forward lean of 36 and 35 degrees 



for  the tw loops o f  the race, Just  p r i o r  t o  the r f g h t  l e g  k ick ,  the lower 
1 eg was a t  52 and 57 degrees for  the tw rounds, we1 1 wf  t h i n  the range of 
angles reported by Soliman (1977) and Waser (1976). As the sk ie r  moved i n t o  
the g l i d e  phase, the shfn sh i f ted to a more v e r t i c a l  pos i t i on  on both rounds. 
This ac t i on  resu l ted i n  r a i s i n g  the body's center of g r a v i t y  (Sol iman, 1977). 

Table 4 

Mean Body Angles , Degrees 

Kick Phase 
Round One Round Two 

Trunk 3 6 3 5 

Rig h t Lower 
Leg 52 

Right Ankle 79 84 

G l ide  Phase 

Angle Between 
Legs 6 7 

Pole Phase 

Angle Between 
Legs 65 

Two o f  the angles measured appeared t o  have been affected by fatigue. 
The angle o f  the r i g h t  ankle and the angle measured between the  legs on round 
one were s i g n i f i c a n t l y  d i f f e r e n t  from the same angles measured for  the second 
round. The r i g h t  ankle assuned a more v e r t i c a l  pos i t i on  imnediately before 
the r i g h t  l e g  k i c k  during the second loop. This increased angle puts the 
body i n  a l ess -e f fec t i ve  p o s i t i o n  to apply force and may r e s u l t  i n  a bobbing 
ac t ion  o f  the body. During the g l i d e  and pole p lan t  phases, the angle bet- 
ween the leg-s decreased s i g n i f i c a n t l y  from round one t o  round two. This 
decrease was due to the k ick ing l e g  no t  being as extended as far back on 
round two as i t  had been ca r r i ed  on the f i r s t  loop. It i s  reasonable to 
consider t h a t  fa t i gue  may have caused the changes measured i n  these body 
angles between the two loops of the race, 

DISCUSSION 
*. : 

The purpose o f  t h i s  study was t o  determine the changes i n  technique occur- 
r i n g  between the two loops of a 10 km s k i  race. Analysis of h igh speed 
f i l m  of 21 high school male cross-country s k i  racers provided information 
concerning the technique found a t  t h i s  l eve l .  By contrast ing the f ind ings 
of t h i s  study w i t h  o ther  research conducted w i t h  h igh ly  s k i l l e d  men and 
women s k i  racers, i t  i s  possible to place the groups o f  skiers researched 



on a continuum. The technique exhibi ted by the h lgh ly  s k i l l e d  male sk iers  
places them f i r s t ,  w l t h  the h lgh ly  s k i l l e d  female sk iers  c lose behind. The 
technique demonstrated by the sk iers  i n  t h i s  study, places the  group below 
both of the h igh ly  s k i l l e d  groups. The racers i n  t h i s  study had shorter 
s t r i d e  1 engths , comparable s t r i d e  ra tes  and considerably 1 ess hor izonta l  
ve loc i t y  than e l  ther  of the h igh ly  s k i l l e d  groups. 

Examining the data f o r  s im i la r1  t i e s  resu l ted i n  the appearance of 
several trends. The three groups displayed a 1 i ke re la t i onsh ip  between 
s t r i d e  length and hor izonta l  ve loc i t y ,  which suggests t h a t  the sk ie rs  w i t h  
the greatest  s t r i d e  lengths possess greater hor izonta l  v e l o c i t i e s  than the 
skiers w i t h  shorter s t r i d e  lengths, The low co r re la t i on  coeff ic ients 
resu l t i ng  from comparing s t r i d e  r a t e  w i t h  hor izonta l  v e l o c i t y  for  the h igh 
school sk iers  were much the same as those found f o r  the  h lgh ly  s k i ~ l l e d  skiers.  
A t h i r d  analysis,  which cor re la ted s t r i d e  length  w l t h  s t r i d e  ra te ,  followed 
the pat tern  of longer s t r i d e  lengths being associated w l t h  lower s t r i d e  ra tes  
found w i th  h igh ly  s k i l l e d  sk iers ,  

Contrasting the f indings of t h i s  study w i t h  research using h lgh ly  
s k i l l e d  skiers,  resu l ted i n  discovering differences as wel l  as s i m i l a r i t i e s .  
The younger, l ess -sk i l l ed  sk iers  used more t ime to complete a k lck,  but  l ess  
time to g l i de ,  The pol ing phase was a lso shorter for  t h i s  group. Just  p r i o r  
t o  the k lck,  the upper body moved i n t o  a pos i t i on  w l t h  greater forward lean 
than observed w i t h  the h igh ly  s k i l l e d  sk iers ,  

Determining the di f ferences i n  technique occurr ing between the  n(so loops 
o f  the race revealed few changes. The on ly  s i g n i f i c a n t  di f ferences i d e n t i f i e d  
between the two loops o f  the race were the angle of the r i g h t  ankle and the 
angle between the legs. The ankle angle increased, moving the lower l e g  i n t o  
a more ve r t i ca l  pos i t ion,  This pos i t i on  i s  less-ef fect ive i n  apply ing force 
i n  the k ick ing act ion.  The decreased angle between the legs resu l ted from 
the k ick ing l e g  no t  being car r ied back as far  fo l lowing the  k i c k  and through- 
out the g l i de ,  Both o f  these changes may have been due to fa t igue.  

Based on the f indings o f  t h i s  study, several reconendat ions concerning 
the diagonal s t r i d e  technique of h igh school male sk iers  may be made. I n  
comparison t o  other research, the sk ie rs  i n  t h i s  study bas ica l l y  exh ib i ted 
appropriate diagonal s t r i d e  technique. The average s t r i d e  length  fo r  both 
loops of the race for  a l l  sk iers  was shor t  when compared to h igh ly  s k i l l e d  
racers, but  may be very t yp i ca l  o f  h igh school age sklers.  Since s t r i d e  
length has been shown t o  be an important fac to r  to a s k i e r ' s  success, incor -  
porat-lng balance a c t i v i t i e s  i n t o  the t r a i n i n g  program as we l l  as improving 
leg  strength, may a i d  i n  increasing the  length  of the g l i d e  phase, Research 
also indicated the importance o f  a shor t  k i c k  phase, Adopting condi t ion ing 
and t r a i n i n g  methods which would develop explosive l e g  power would be bene- 
f i c i a l  t o  the s k i  racer. The importance o f  the po l i ng  phase to t h e  e n t i r e  
diagonal s t r i d e  has a1 so been expressed i n  the 1 i t e ra tu re ,  Strengthening the 
e n t i r e  upper body would a l low the sk ie rs  to use t h i s  po r t i on  of the  s t r i d e  as 
a propulsion phase ra the r  than s t r i c t l y  f o r  balance purposes. 
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