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The race walker  e x h i b i t s  a movement pa t t e rn  c l a s s i f i e d  w i t h i n  the category of 
up r i gh t  locomotion. As such, race walk ing has numerous s i m i l a r i t i e s  t o  o the r  
locomotor acts,  y e t  r e t a i n s  i t s  own uniqueness. The c y c l i c a l  m t i o n  of  the 
lower ex t rem i t y  i n  s k i l l e d  locomotor performance must be c o n t r o l l e d  by an 
automated under ly ing  motor program so t h a t  minimal v a r i a t i o n  occurs across 
r e p e t i t i v e  cycles. It i s  conceivable t h a t  a s i n g l e  theory could account f o r  
the g a i t  pa t te rns  o f  walking, race wa lk ing  and running; however, we need t o  
expand our  knowledge of race wal k i ng  k inemat ics and k i n e t i c s  be fore  such a 
un i fy ing  theory can be posi ted.  Despite t he  s i m i l a r i t i e s  w i t h  both wa lk ing  
and running, race walk ing has s imply n o t  been the  sub jec t  o f  equal i n v e s t i -  
ga t ive  i n t e r e s t .  We know l i t t l e  o f  the  k inemat ic  parameters of the race 
wal k i ng  technique beyond qua1 i t a t i v e  descr i  p t i ons  (Marchet t i  , Cappozto, 
F i  gura and Fel i c i  , 1982 ; Ki tchen , 1981 ; E l  son, 1967) and coaches ' r e c o m n -  
dat ions (Hopkins, 1978; Arnol d, 1980). From a pu re l y  p r a c t i c a l  s tandpoint ,  
the lack  o f  quan t i t a t i ve ,  biomechani cal  data concerning t h i s  Olympic s p o r t  
i s  somewhat surpr is ing .  Thus, the  purpose o f  t h i s  i n i t i a l  i n v e s t i g a t i o n  i s  
t o  quant i fy  selected k i n e m i t i c  features o f  e l i t e  race wa lk ing  performance i n  
o rder  t o  l a y  the foundation f o r  fu tu re  p r a c t i c a l  and theo re t i ca l  work. 

Walking, by d e f i n i t i o n ,  inc ludes  a pe r i od  o f  double support  du r i ng  each 
complete cyc le  o r  s ta ted  negat ive ly ,  a t  no t ime are  both f e e t  s imul taneously 
o f f  the ground. Competit ive race walk ing i s  indeed a spec ia l i zed  form of  
walk ing s ince t h i s  absence o f  a f l i g h t  phase i s  one o f  the  major r u l e s  of  
the sport .  V i o l a t i o n  o f  t h i s  r u l e  i s  c a l l e d  l i f t i n g ,  and competi t o r s  may be 
d i s q u a l i f i e d  f o r  i n f r a c t i o n s  o f  the r u l e .  The race walker  i s  a l s o  requ i red  
t o  achieve a f u l l y  extended knee o f  the support  l e g  as the body cen te r  o f  
mass passes through the v e r t i c a l  . To meet these requirements, c e r t a i n  tech- 
niques have become standard. Upon hee l s t r i ke ,  the  l ead ing  l e g  i s  a l ready 
extended a t  the knee. Force p la t f o rm  records presented by Payne (1978) i n -  
d icated a 63% increase i n  v e r t i c a l  forces a t  h e e l s t r i k e  when comparing nor -  
mal walk ing t o  race walking. The double knee l ock  sequence ev iden t  i n  nor -  
mal walk ing du r i ng  the stance phase i s  n o t  present  i n  race walk ing,  e l m i n i -  
na t i ng  knee extension as a propu ls ive  mechanism. Knee f l e x i o n  cannot occur 
u n t i l  a f t e r  the body passes the v e r t i c a l  pos i t i on .  

Despite the  d e f i n i  t i o n a l  s i m i l a r i t i e s  between wal k i n g  and race wal king, 
the speeds achieved by the compet i t ive race walker  i n  the Olympic d istances 
of 20km and 50 km are  c l ose r  t o  t h a t  o f  running than wal king. Many "average" 



runners have experienced embarrassment as the  h i  ghl y t r a i  ned race wal k e r  
passes by a t  a 7 minute pe r  m i l e  pace. When compared t o  running, the tech- 
nique demands of  race walk ing do n o t  a l l o w  f o r  the grea tes t  e f f i c i e n c y  i n  
terms o f  e i t h e r  mechanical energy u t i l  i z a t i o n  o r  metabol i c  costs (Marchet t i  , 
Cappozzo, Figura and Fel i c i  , 1983). Likewise, the ex terna l  work per  u n i t  
d is tance i s  g rea ter  f o r  race wa lk ing  than walk ing a t  speeds above 6-7 km-hf l  
(Cavagna and F ranze t t i  , 1981 ). Nonetheless, race wal kers are h i g h l y  t r a i ned  
endurance a th le tes .  With the except io r~  o f  a s l i g h t l y  lower aerobic capaci ty ,  
the phys io log ica l  p r o f i l e  of  the  race wal ke r  was found t o  be comparable t o  
t h a t  o f  the marathon runner and o t h e r  e l i t e  endurance performers (Frankl  i n ,  
Kaimel , Moi r  and He1 l e r s t e i n ,  1981 ; Hagberg and Coyle, 1983). I n  fac t ,  
Frankl i n  and h i s  col leagues suggested t h a t  successful race wal k i n g  pe r fo r -  
rrnnce may depend more on technique, mot iva t ion  and e f f i c i e n c y  than on ex- 
tremely h igh l e v e l s  o f  aerobic capaci ty .  Therefore, i t  was the movemnt pa t -  i 
t e r n  of  e l i t e  race walkers, as re f l ec ted  by k inemat ic  var iables,  which be- j 
came the  major focus o f  t h i s  paper. 1 I 

I 

METHODS 

Three e l i t e  male race walkers were f i lmed  outdoors using a 16mm, p in - reg is -  
te red  Photosonics camera opera t ing  a t  a sampling r a t e  o f  115 fps .  Each sub- 
j e c t  was n a t i o n a l l y  ranked w i t h i n  the top  10 f o r  the 50km race, a1 though 
Subject 3 p re fe r red  longer  races (1 00 km) . An thropometric c h a r a c t e r i s t i c s  
of  the  sub jec ts  are repor ted  i n  Table 1. A f te r  s u f f i c i e n t  warm-up, which 
exceeded 30 minutes per subject ,  each walker  was f i lmed 5 times from the 
s a g i t t a l  v iewpoint  fo l lowed by 4 t r i a l s  o f  f r o n t a l  plane movements. The ca- 
mera was f i t t e d  w i t h  a 25 mm l e n s  and an exposure t ime o f  1/800 seconds was 
used. Subjects were asked t o  s imulate a comfortable, y e t  "optimum " race 
pace. 

- -  - 

Table 1 

RELEVANT ANTHROPOMETRIC DATA 

Subject 1 (vo) 2 (sv ) 3(AP) 

Height (cm) 199 
Weight (k ) 78.7 
Thlgh (,my 48.0 
Shank (cm) 48.0 
Pe lv is  (cm) 14.0 

(Crest t o  t rochanter )  
Knee &perextens i on 7.0 

25.3 
Experience (years ) 6.0 



The processed f i l m  was viewed w i t h  a Lafayet te Analyzer us ing  a r e a r  
p r o j e c t i o n  system which magnified the f i l m  image 75X. Data reduc t ion  was 
accompl ished w i t h  a Numonics d i  g i  t i z i  ng sys tem, i n t e r f a c e d  w i t h  a Uni vac 
1140 corr~puter. A f t e r  determining the  temporal c h a r a c t e r i s t i c s  o f  a1 1 15 
t r i a l s  ( s a g i t t a l  view), 6 t r i a l  s  were se lec ted  f o r  f u r t he r  ana lys is .  J o i n t  
centers o r  body landmarks f o r  each frame dur ing  an e n t i  r e  cyc le  were d i g i -  
t i z e d  i n  the f o l l o w i n g  order:  metatarsophalangeal j o i n t ,  l a t e r a l  ma l leo l  us, 
knee j o i n t  center, h i p  j o i n t  center, super io r  i l i a c  c res t ,  spinous process 
o f  seventh ce rv i ca l  ver tebra and elbow j o i n t  center. Due t o  obvious inde- 
pendent motion o f  the shoulder g i r d l e  and poss ib le  t runk  r o t a t i o n  about the 
v e r t i c a l  ax is,  C7 was found t o  g ive a b e t t e r  representa t ion  of  the t runk  
segment than the shoulder j o i n t  center .  D i g i t i z e d  data were smoothed second 
order, recurs ive  But terworth f i l t e r  w i t h  a cu t -o f f  frequency of  9 Hz. 

RESULTS AND DISCUSSION 

Temporal -Di stance Character i  s  ti cs. 

Subject  1 cons i s ten t l y  demonstrated f a s t e r  race wa lk ing  v e l o c i t i e s  
(X = 5.16 m-s - l )  than the o the r  two sub jec ts  (Table 2 ) .  Each sub jec t  was 
r e l a t i v e l y  cons is ten t  across h i s  own 5 t r i a l s .  Subject  1 a l so  had the long-  
e s t  s tep l eng th  ( r i g h t  heel t o  r i g h t  hee l ) ,  even when expressed as a mu1 t i p l e  
o f  t o t a l  he igh t  (1.61). This race walker a l so  had the sho r tes t  u c l e  t ime 
(565ms i n  T r i a l  1 ) .  Cycle times o f  Subject  2 were the l onges t  ( X  = 63611s). 
The fas tes t  ve loc i t y ,  g rea tes t  s t r i d e  l eng th  and sho r tes t  cyc le  t ime f o r  each 
sub jec t  a re  i nd i ca ted  i n  Table 2 w i t h  an as te r i sk .  Subject  3 achieved 
s l  i g h t l y  g rea ter  v e l o c i t i e s  than Subject  2 desp i te  a sho r te r  s t r i d e  l eng th .  
The greater  frequency ( sho r te r  cyc le  t ime) may be a n t i c i p a t e d  i n  I i g h t  of  the 
sub jec t ' s  sho r te r  s ta tu re .  An i l l e g a l  f l  i g h t  phase was observed i n  a l l  
t r i a l s ,  b u t  i t  i s  doubt fu l  i f  even the l onges t  f l i g h t  t ime o f  52ms cou ld  be 
detected by the human eye. The 6 t r i a l s  se lec ted  f o r  f u r t h e r  ana l ys i s  are 
a lso  i d e n t i f i e d  i n  Table 2. 

Figure 1.  Temporal Data O f  Race Walking Across T r i a l s  Figurn 2 .  Typical Angular Pos i t ions  a t  Takeoff and H e e l s t r i k e  



The complete cyc le  can be temporal ly  p a r t i t i o n e d  - i n  numerous ways. The I 

swing phase consumed an average o f  58%, 56% and 55% respec t i ve l y  f o r  the I 

three race walkers, averaged across 5 t r i a l s  per  subject .  The greates t  i 
swing percentage was exhi  b i  t e d  by the wal k e r  wi t h  the grea tes t  ve loc i  t y .  
Swing phase percentages greater  than 50% might  be a n t i c i p a t e d  i n  l i g h t  of  i 

1 
the i l l e g a l  f l i g h t  phase. I n t r a s u b j e c t  v a r i a t i o n  f o r  both the swing and 
stance phases was w i t h i n  20ms. i 

3 

We f u r t h e r  subdivided the  stance i n t o  b rak ing  and propu ls ive  phases 
based on the p o s i t i o n  of the l a b e r a l  mal leolus r e l a t i v e  t o  the h i p  j o i n t  
center. - I f  the h i p  was i n  f r o n t  o f  the ankle, t h i s  was c l a s s i f i e d  as the 
propu ls ive  phase. This assumption appeared p laus ib le  s ince t runk  movement 
was minimal and the arms were synchronized i n  opposi t ion.  I n  add i t ion ,  force 
records presented by Payne (1978) appear t o  support the l eg i t imacy  o f  t h i s  
conclusion. For the 6 t r i a l s  examined, the  propu ls ive  phase was considerably 
longer  than the brak ing  phase (Figure 1 ) .  I n  t r i a l s  4 and 5 f o r  Subject  1 
the propu ls ive  phase consumed 71.4% o f  the t o t a l  stance time, w i t h  on l y  70ms 

Table 2 

DESCRIPTIVE CHARACTERISTICS OF REPEATED TRIALS 

v@! o c i  t y  Step Length Cycle Time F l  i q h t  Time 
( m ? ~ - ~ / k * h ' l )  (m/hgt. ) ( ms) (m)  

Subject 1 (VO) 

T r i a l  I* 5,18/18;65 2.93/1.47 
2 4.97/17,92 2.94/1 .48 
3 4.97/17.90 3.03/1 .52 
4* 5.49/19.78" 3.20/1 .61 
5 * 5.15/18.54 3.04/1 .53 

Mean 5.16/18.56 3.03/1.52 

Subject  2 (SV) 

T r i a l  1 
2 * 
3 
4 
5* 

Mean 4.48/16.11 mEmx 
Subject  3(AP) 

T r i a l  1 4.61/16.60 2.57/1.49 
2 * 4.90/17.65" 2.64/1.54b 
3 4.51/16.25 2.59/1.51 
4 4.28/15.40 2.49/1.45 
5 4.20/15.11 2.52/1.46 

xzi- 4.50/16.20 z5y7m 
* T r i a l s  se lec ted  f o r  f u r t h e r  ana l ys i s  
a Fastest  wi t h i n - sub jec t  tri a1 
b Longest step l eng th  (wi t h i n - sub jec t )  
c  Shortest  cyc le  t ime (w i t h i n - sub jec t )  



spent i n  braking. The sho r tes t  r e l a t i v e  propu ls ive  phase was 61.3% e x h i b i -  
ted  by Subject  2 i n  T r i a l  2. 

Angular Pos i t ions  a t  Takeoff and Heel s t r i k e .  

Typical body conf igura t ions  a t  takeoff and h e e l s t r i k e  are shown i n  
Figure 2 a long w i t h  the conventions used t o  measure the  segmental and i n t e r -  
segmental angles. A t  takeof f  the i r u n k  was i n c l i n e d  s l i g h t l y  forward o f  the 
ver t i ca l - in  a l l  & t r i a l s  ( 4  = 85.2 , range (R) = 5.8') as was the  p e l v i c  
g i r d l e  (X = 67.4 , R = 2.6 ) .  The t runk was ro ta ted  t o  the l e f t  as the r i g h t  
f o o t  pushed o f f  the  ground and the l e f t  humerus was nea r l y  ho r i zon ta l .  The 
h i p  was near f u l l  extension (X = 178.6O, R = 4.6'). Neglect ing the one t r i a l  
by the t h i r d  subject ,  the mean h i p  extension was 179.2 degrees w i t h  a range 
of  2.0 degrees. The t h i g h  i.ncl i n a t i o n  averaged 68.8 degrees (R = 3.7O), and 
the shank-incl i n a t i o n  was 36.2 degrees. The knee was n o t  f u l l y  extended a t  
takeof f  (X = 147.5O, R = 7.6O). 

A t  heel s t r i k e ,  the ankle ' o i n t  was p l a n t a r f l e x e d  and the knee was f u l l y  d extended (X = 1 8 1 . 5 ~ ~  R = 10.6 ) .  The second sub jec t  e x h i b i t e d  almost 8 de- 
grees of knee hyperextension a t  heel s t r i k e .  The t h i  gh inc-1 i n a t i o n  averaged 
109 degrees (R = 6.7'), and the h i p  was s l i g h t l y  f lexed (X = 162.8O, R = 
11 . l o ) .  The p e l v i s  a t  heel s t r i k e  was i n c l  i ned  backward o f  the v e r t i c a l  a 
maximum of  7 degrees fo r  Subjects 1 and 3, wh i le  Subject  2 had the pel v i c  
g i r d l e  i n  a p o s i t i o n  of  s l i g h t  forward i n c l i n a t i o n  (4  degrees) .- Only Sub- 
j e c t  3 had the  t runk  i n c l i n e d  s l i g h t l y  backward a t  h e e l s t r i k e  (X = 86.5', 
R = 8.1° f o r  a l l  t r i a l s  analyzed). 

Thigh-knee Range o f  Motion ( s a g i t t a l  p lane).  

Based on the  average of  6 t r i a l s ,  the  t h i g h  segment was maximally ro- 
ta ted  40.4 degrees forward o f  the v e r t i c a l  (drawn a t  h i p  j o i n t  center )  i n  
mid t o  l a t e  swing (R = 8.3O), and 27.3O behind the v e r t i c a l  ( r o t a t e d  back- 
ward) i n  l a t e  stance ( R  = 4.2O). Average maximum knee f l e x i o n  of  100.7' 
occurred dur-i ng mid-swing, and niax-imum knee extension o f  189.1° was ev iden t  
du r i  ng mi d-stance. A1 1 subjects demnst ra ted  knee hyperextension du r i ng  
stance, 

Angle-angle diagrams were constructed t o  examine the i n t e r r e l a t i o n s h i p  
of  t h i g h  and knee motion and the associated v a r i a b i l i t y  both between sub- 
j e c t s  and w i t h i n  a s i n g l e  subject .  When comparing T r i a l s  4 and 5 ( f a s t e s t  
walk ing speeds) f o r  Subject 1 (Figure 3), no d i f ference dur ing  the  stance 
phase was noted i n c l u d i n g  the p o s i t i o n  a t  heel s t r i k e  and takeof f .  This 
might be an t i c i pa ted  s ince the  times o f  the brak ing  and propu ls ive  phases 
dur ing  stance were i d e n t i c a l .  The Subject e x h i b i t e d  s l i g h t l y  g rea ter  knee 
f l e x i o n  (4  degrees) dur ing  the  swing phase o f  the f a s t e s t  t r i a l  (swing phase 
8ms shor te r ) .  Since t he  t h i g h  motion was v i r t u a l l y  i d e n t i c a l  i n  the two 
t r i a l s ,  the d i f fe rences  i n  the intersegmental knee angles were due t o  greater 
shank ranges of  motion, The l a r g e r  range was associated w i t h  the l a r g e r  s tep  
length  and the f a s t e r  hor izonta l  ve loc i t y .  T r i a l  1 ( n o t  shown) r e s u l t e d  i n  
a swing pa t t e rn  g raph i ca l l y  between the  two t r i a l s  presented. 'The consis-  
tency of  motion demonstrated by t h i s  e l i t e  r a t e  walker  was remarkable. 





We a l so  compared the f as tes t  t r i a l  o f  Subjects 1 and 2 (F igure  4 ) .  
Subject 2 exh ib i t ed  grea ter  ranges o f  motion a t  both the knee and th igh .  The 
takeof f  p o s i t i o n  o f  both a th le tes  were s im i l a r ,  b u t  knee hyperextension a t  
h e e l s t r i k e  was greater  f o r  Subject 2 due t o  grea ter  forward r o t a t i o n  o f  the 
shank. Di f ferences i n  the swing phase may be r e l a t e d  t o  d i f fe rences  i n  the 
thigh/shank r a t i o s  o f  the two subjects.  A1 though t o t a l  s ta tu re  was s i m i l a r ,  
Subject 2 had a r e l a t i v e l y  longer  shank than th igh ,  whereas the segment 
lengths were equal f o r  Subject 1 . Despite comparable f l i g h t  times, the cycle 
t ime was l onge r  f o r  Subject  2 ( g rea te r  ROM) even though the s t r i d e  l eng th  was 
somewhat sho r te r  when cont ras ted  w i t h  Subject  1. 

Sagi t t a l  Pl ane Motion o f  Trunk and Pel v i  s. 

I n  most cases, the  angular  motion o f  t he  t runk  segment i n  the  s a g i t t a l  
plane was minimal. With the except ion o f  one t r i a l ,  the t o t a l  range o f  trunk 
angular motion was l e s s  than 10 degrees (Table 3) .  The maximum forward lean 
of the t runk  occurred a t  d i f f e r e n t  po in t s  i n  t ime f o r  the three subjects.  

Table 3 

RANGES OF ANGULAR MOTION I N  SAGITTAL PLANE 
(Degrees w i t h  respect  t o  v e r t i c a l  ) 

T r i  a1 Trunk Pe l v i c  T i l t  

Forward 

9.9 
8.1 
7.2 

12.6 
14.5 
1.2 

Backward Range 

-3.6 6.3 
0.1 9.0 

-0.7 6.5 
-19.8 32.4 
-5.8 8.7 

3.3 4.5 

Forward Backward Range 

The f a s t e s t  walker, Subject  1, e x h i b i t e d  maximum forward lean o f  7 t o  10 de- 
grees (w i t h  respec t  t o  the v e r t i c a l  ) dur ing  the mid t o  l a t e  stance. Greater 
fovward lean o f  12 t o  15 degrees was demonstrated by Subject  2 dur ing  e a r l y  
and mid stance. Subject  3 remained v i r t u a l  l y  u p r i g h t  w i t h  l e s s  than 1.5 de- 
grees change dur ing  stance. Backward l ean ing  o f  t he  t runk  d i d  n o t  occur i n  
3 o f  6 t r i a l s  examined ( i nd i ca ted  i n  Table 3 by a negat ive value). 'The maxi- 
mum values f o r  t runk  r o t a t i o n  i n  a CW (backward) d i r e c t i o n  occurred a t  o r  
near heel s t r i k e  f o r  Subjects 1 and 3. Subject  2 e x h i b i t e d  an unusual back- 
ward t runk  lean o f  19.8 degrees dur ing  the swing phase i n  T r i a l  2 .  However, 
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Ver t i ca l  displacement o f  the  super io r  i l i a c  c r e s t  was quan t i f i ed  from 
the s a g i t t a l  view of the f i l m  records. Upon impact, the i l i a c  c r e s t  lowered 
s l i g h t l y  then ra i sed  v e r t i c a l l y  dur ing  t he  m a j o r i t y  o f  the stance phase. I n  
the swing phase the h ighes t  e leva t ions  were near t a k e o f f  and heel s t r i k e .  The 
i l i a c  c r e s t  of  the swing l e g  reached i t s  lowest  p o i n t  dur ing  mid-swing. For 
the e n t i r e  cyc le  o f  a s i ng le  lower extremi ty ,  the mean t o t a l  v e r t i c a l  d i s -  
placement of  the i l i a c  c r e s t  was 8.6 cm. This imp l i ed  an average 4.3 cm up- 
ward displacement dur ing  stance and a downward displacement o f  equal value 
dur ing swing. Subjects 2 and 3 e x h i b i t e d  t o t a l  v e r t i c a l  d i sp l  acemn t  exceed- 
i n g  9 cm whereas the maximum values f o r  Subject  1 d i d  n o t  exceed 8 cm. 

Other Observations. 

From the  a n t e r i o r  and p o s t e r i o r  views o f  the race walkers, i t  was ob- 
vious t h a t  successive f o o t f a l l s  tended t o  be i n  a s t r a i g h t  l i n e  o f  progres- 
s ion  f o r  a l l  3 subjects.  This may be f a c i l i t a t e d  by the e leva ted  p e l v i s  
p o s i t i o n  and the  appearance o f  l a t e r a l  bowing o f  the lower ex t rem i t y  on the 
support side. However, the l a t e r a l  bowing occurred t o  the grea tes t  e x t e n t  
j u s t  a f t e r  h e e l s t r i  ke. Foot p l a n t  appeared t o  i nvo l ve  l a t e r a l  heel s t r i k e  
and r o l l i n g  t o  the ou ts ide  o f  the f o o t  before r e t u r n i n g  t o  the mid1 i n e  pos i -  
t i o n  f o r  f l a t  stance. It was pos i t ed  t h a t  t h i s  may be a p a r t  o f  the force 
absorpt ion mechanism since knee f l e x i o n  was n o t  used f o r  t h i s  purpose. 

We a l so  observed the compensatory and a c t i v e  motion o f  the upper e x t r e -  
mi t i e s  dur ing  race walking. Accurate q u a n t i t a t i v e  data were no t  ava i l ab le  
due t o  apparent shoulder g i r d l e  movements. However, r e l a t i v e  measures ( f rom 
C 7  t o  the elbow) i nd i ca ted  a t o t a l  range o f  shoulder f lex ion-ex tens ion  ap- 
proximat ing 115 degrees. Maximum forward rotaticon o f  t he  r i g h t  upper arm 
about the shoulder a x i s  occurred j u s t  p r i o r  t o  t a k e o f f  o f  the r i g h t  foo t  
(see Figure 2).  During the swing phase o f  the r i g h t  lower ex t remi ty ,  r i g h t  
shoul der  extension-hyperextension occurred, reaching i t s  maxi mum backward 
p o s i t i o n  a t  takeoff o f  the con t ra la te ra l  f oo t .  'The range o f  motion was much 
greater  i n  the backward d i r e c t i o n  than i n  the  forward d i rec t i on ,  i n d i c a t i v e  
of  purposeful muscular i nvo l  vement r a t h e r  than s imply pendul a r  reac t ions  t o  
1 ower extremi t y  movements. 

Q u a n t i t a t i v e  data concerning se lec ted  angular  and l i n e a r  k inemat ics o f  the 
racewa'l k i n g  motion have been reported. Wal k i n g  speeds exh i  b i  t ed  by a1 1 3 
e l  i t e  race walkers were f a s t e r  than those commonly repor ted  i n  t he  s c i e n t i  - 
f i c  1 i tera ture .  The f a s t e s t  wal k e r  exhi  b i  t e d  remarkable consistency across 
repeated t r i a l s .  Kinematic d i f fe rences  between subjects,  and there fore  
optimum technique, may be re la ted ,  i n  par t ,  t o  i n d i v i d u a l  anthropometric 
c h a r a c t e r i s t i c s  and j o i n t  mobil i ty .  Addi t i o n a l  i nves t i ga t i ons  i nvo l  v i n g  
o the r  e l i t e  racewal kers w i l l  be necessary before p r a c t i c a l  o r  t h e o r e t i c a l  
conclusions can be drawn. 
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