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Headloading in Africa: Preliminary 
Findings on the Locomotor Effects o f  
Occupational Headload Carriage
J. CHARTERIS, P. A. SCOTT AND J. C. WALL

SUMMARY

Headload walking is widespread in Africa, 
potentially medically harmful, but poorly under- 

| stood. The present pilot study reveals what 
portions of the locomotor pattern deserve 
detailed further study. Basically under the 
headload condition, shorter, quicker more 
mincing steps are taken, raising the energy- 
cost of locomotion. Shock-absorption mecha
nisms are impaired. Propulsive mechanisms 
are altered.

OPSOMMING

Van stap met ’n las op die kop, wat wyd 
verspreid in Afrika voorkom en potensieel 
medies skadelik is, word min verstaan. Die 
huidige aanvoorstudie dui aan watter dele van 
die lokomotoriese patroon gedetailleerde ver- 
dere studie verdien. Basies word daar by die 
dra van 'n koplas korter, vinniger, “ trippel” - 
stappies geneem, wat die energievereistes van 
die stapbeweging verhoog. Die skokbreek- 
meganismes word beskadig. Aandryfmega- 
nismes word gewysig.

IN T R O D U C TIO N
H ead - lo ad in g  is a  u b iq u ito u s  African  p h en o m en o n  

par ticular ly  a m o n g  w om en ,  as a m eans o f  heavy-load 
transport ing .  Its roots ,  however,  a re  to  be found  in 
econom y of effort ,  no t  cu l tu ra l  o r  e thnic  t rad i t ion ,  for 
head load ing  is co m m o n ly  practised  in T ibe t ,  Nepal,  the 
high Andes,  P a p u a  and  across Africa. As D a t ta  and 
R a m a n a t h a n 1 have shown, it is one o f  the least energy 
expens ive  m ea n s  o f  lo ad  c a r r iag e ,  a h e a d  o f  b a c k 
packing, back-  and  head-sling (Sherpa)  loading, the 
shou lde r  yoke  m e th o d ,  an d  b i -m a n u a l  load carrying. 

kClearly mil lenia of  a rd u o u s  load bearing  has resulted in 
”this near-un iversal  a d o p t io n  of the least fa tiguing fea

sible m eth o d  o f  carry ing aw k w ard  loads.
T h a t  h ead - load  carry ing  is physiologically  efficient is 

established; w ha t  has n o t  been adequate ly  considered 
are the long- te rm  o r th o p ae d ic  effects of  the practice. 
E ke-O koro  and  S a n d lu n d 2 studied  the walking pa tte rns 
of people  in the street and  found  tha t  those  carry ing 
sh o p p in g  bags o r  su i tcases  e x h ib i ted  sh o r te r  s tr ide
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Fig. I. Headload carriers in the field .
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lengths and sh o r te r  str ide  t imes, ind ica ting  th a t  smaller  
s teps  were  be ing  ta k e n  at a h ig h e r  f req u e n c y ,  i.e. 
“ m in c in g ”.

P resen ted  here are som e p re lim inary  f indings from  
o u r  o n - g o in g  s tu d y  o f  n o r m a l  v e rsu s  h e a d - lo a d e d  
walking. Heavy  load t r a n s p o r t in g  by the head is a 
p ractice  which intuitively one would expect  may be 
medically hazardous ,  par ticu lar ly  considering  the gracile 
na tu re  of  n uchal  s t ruc tu res  and the fact th a t  loads must  
be su p p o r ted  in d ynam ic  equil ib r ium  and this over c o n 
siderable  d is tances  and variable  en v iro n m en ta l  co n d i 
tions o f  g rad ien t ,  su rface  i rregulari ty  and am b ien t  t e m 
p e ra tu re ,  to m en t io n  b u t  a few. T he  ch ron ic  effects of 
o c cu p a t io n a l  h e ad - lo ad in g  can  at this t ime only be 
guessed at. O r th o p a ed ic  and physical medical health 
care  across Africa  is now here  near parity  with that  
enjoyed in a ffluent  m o d e rn  societies, which m eans that' 
h a z a rd o u s  pract ices  are  poorly  o r  n o t  at all researched, 
let a lone  d iscouraged  before  the fact o r  treated  after  the 
fact.

T h e re  is no  reason  to believe th a t  Africa  will m e c h a 
nise in the forseeable  fu tu re  to the ex ten t  th a t  head 
carr iage  of heavy loads is likely to die out.

M A T E R IA L S  A N D  M E T H O D S
We have described elsewhere techniques for measuring  

the t em p o ra l  and d is tance  k inem atics  o f  the pa tte rns  of 
foo t- f loo r  c o n ta c t  in n o rm a l  and pa tho log ica l  gaits. ’ 
Use of these and va r ious  o th e r  techn iques  for the 
m ea su re m e n t  of k inem atic  pa ram ete rs  in h u m an  loco
m o tio n  have resulted in a rich l i te ra ture  on  the subject 
o f  tem p o ra l -d is tan ce  and a n g u la r  k inem atics ,  of  which 
C har te r is  and T aves ,5 R o sen ro t ,  Wall and C h a r te r is fl 
and W all  and C h a r te r is ;7,8 are a few exam ples.

In this pre lim inary  analysis four  Black female o c cu p a 
t ional w oodcarr ie rs  each un d e rw en t  two condit ions:
a) no rm al  (un lo ad ed )  walking
b) head-loaded  w a lk ing  e a r r in g  a load of f ire-wood 

40%  of  body  mass and  160% of stature.

Each subject t raversed  a walkway of 20m several 
times,  at walking speeds spann ing  the no rm al  hum an 
range from  slow to fast. These traverses were done 
w ithou t  carry ing  any objects and barefoo ted .  A tota l  of
10 traverses by each subject established a profile  of 
n o rm a l  w a lk ing  th ro u g h  the range of speeds. Each 
subject then  repeated  the p rocedure  carry ing  the head
load. T he  techno logy  used consis ted  of a foot-switch 
te lem etry  system (B and L Engineering)* designed to 
d ifferentiate  con tact  periods a t  the heel, fore-foot (meta
tarsals  5 and I) and big toe, and c o m b in a tio n s  of these. 
A sm all  t ran sm i t t in g  system, w orn  on  a waist belt , sent 
s igna ls  to a re c e iv in g /d e c o d in g  un i t ,  c rea t in g  input 
f rom  bo th  feet as voltage charges  on two channe ls  of  a 
biological reco rder  (Phys iog raph) .  The  recorder  (paper 
speed 5 cm .s’ 1) p roduced  fo o t-co n tac t  traces which 
were analysed over a 6m distance  o f  the walkway 
bo u n d e d  by photo-cells  set up to de te rm ine  the average 
w a lk ing  velocity in this centra l  p o r t ion  of the walkway. 
T e m p o ra l  pulses f rom  each foot-switch were measuredi 
m an u a l ly  and the d a ta  inpu t  in to  an  Apple  He m icro
p ro cesso r  to assist  in d a ta - red u c t io n  and statistical 
analysis.

T h r o u g h o u t  this speed-re lated s tudy we have ex
pressed w a lk ing  speed in units , n o t  of m . s ' 1, but in 
s ta tu res  .s ', which allows c o m p ar iso n s  using subjects 
o f  d ifferent  body-length.

R E S U L T S  
A. T he O verall P a tte rn

The  head-load  p a t te rn  viewed as a whole,  is one of 
m inced  s teps, show n as sh o r te r  st ride times,  higher step 
frequencies and sh o r te r  step lengths.  These  various 
ways of saying the sam e th ing viz tha t  headloaders 
mince,  o r  clip, their  steps, are depicted in g raphs  (A) 
(B) and (C) of Figure 3.

In h u m a n  walking, co n ta c t  time is always longer 
than  sw ing phase ,  but as speed increases so the percen
tage o f  str ide  t ime devoted  to c o n ta c t  decreases,  while 
that  devoted to swing increases and the swing-to-support 
ra tio  co nsequen t ly  g rows larger. These  re la tionships are 
sh o w n  in F igure  4. In fact, u n d e r  h ead lo ad in g  all thel 
above  pa tte rn s  are m ain ta ined ,  th o u g h  at very different’ 
levels, a no tab le  excep tion  being graph  (D) of Figure 3; 
r a w  c o n t a c t  t im e  is u n a f f e c t e d  by h e a d l o a d i n g .

Because the raw con tac ts  are the sam e but the head- 
loaded st ride time always shorte r ,  it follows tha t  under 
the head load  condit ion  con tac t  is relatively longer as a 
p e rcen tage  of stride t ime, as implied in Figure  3 (D). 
So  the  m inced  s tepp ing  p a t te rn  un d e r  head load  is one 
in which the recovery (swing) is not only shor te r  with 
the sh o r te r  step, b u t  faster  relative to the stride cycle. 
The  reduced sw in g - to -su p p o r t  ra tio  under  headload 
show s the basic  overall  p a t te rn  difference: in headload 
w a lk ing  the aim is to reduce the less stable single 
su p p o r t  (c.f. swing) phase ,  bo th  absolute ly  and rela-

Fig. 2. S u b jec t in th e  la b o ra to ry  at sta r t o f  a 
lo a d e d -c o n d itio n  traverse.

*B  and L Engineering, 9618 Same Fe Springs Rd., Sante Fe Springs, 
California 90670, USA.
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SPEED (Statures.s 1) SPEED (Statures, s '1)

SPEED (Statures, s 1) SPEED (Statures. s_1)

Fig. 3. Temporal, distance a n d  rate param eters o f  the overall pattern . B roken line represents un loaded  cond ition ; so lid  line 
represents loaded condition.

tively, and to increase the stable po rtion  o f the cycle. 
By inference, if single support (hence swing) is shorter, 
but overall contac t (Fig. 3(D)) is absolutely the same 
and relatively longer, it m ust mean th a t the periods of 
double support, necessarily the m ost stable, are abso
lutely and relatively longer.

Separate m easurem ent o f raw  double support times 
reveals tha t these are always longer in the headload 
condition  (F igure 5). Given th a t overall contac t times 
are identical between conditions, it follows that, relative 
to  to ta l contact, double support is a bigger percentage 
value headloaded, than  norm al.
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I “
*  SB

I I I I

! MEDIUM I ! FAST ■

0.8 1.0 1.2 1.4 1.6 
SPEED (S U tu rc s .* '1)

0-2 0.4 OB O.e 1.0 1.2 . 1.4 
SPEED (Statures, s '1)

0.6 0.8 1.0 1.2 

SPEED (S ta tu re *.* '1)

Fig. 4. Support-time, swing time relationship. Broken line represents unloaded condition; solid line represents loaded 
condition.

B. Breakdown o f Foot-Floor Contact Components
Breakdow n of the sequence of foot-to-floor contacts 

reveals how the m incing  pattern  is composed: we expect 
tha t at faster speeds the shock-absorbing phase from 
heel-strike  to  fo o t-fla t (w hich we call the b rak ing  
mechanism ) will reduce in norm al circum stances. How 
ever, under heavy headloading, the same small pre- 
tibial muscles, now w orking as shock absorbers against 
a load considerably closer to their m axim al capacity, 
are less effective in cushioning the im pact o f heel-strike. 
Thus, in an absolute and relative sense w ith respect to 
to tal contact time, the braking m echanism  is less effec
tive under headloading; the foot-slap is earlier and 
sharper. One positive effect o f this is tha t a greater 
surface area (tha t o f the whole foot), is earlier posed to 
the w alking surface, increasing stability and dissipating 
pressures (Figure 5B).

The foot-flat phase, in which heel and at least ball 
are in contac t w ith the substrate, is always relatively 
longer as a percentage of contact in the headload 
condition (Figure 5C). This is especially significant 
since the heel disengages from  the w alking surface 
relatively earlier in the headload condition.

This implies th a t greater propulsive effort is required 
to move walker plus head-load carried, and that p lantar 
th rust from  the calf muscles causes an earlier than 
norm al rise o f the heel. It m ust be pointed out that 
heel-rise does not itself mean that calf propulsion is the 
cause; for the heel may disengage passively w ithout 
muscle activity from  the calf group. However, the step 
is shorter under headload, so tha t the centre of mass is 
not far forw ard of the rear leg at this time, which

w ould argue against a passive heel-rise: it is more likely 
that the heel rises absolutely and relatively earlier under 
headloading because of a greater strain on the calf 
group.

D ISCUSSIO N
Headload walking is a  pattern  in which the dictates 

o f load-balance and load mass com bine to produce a 
longer double-support phase, a relatively longer contact 
phase, a short, quick swing and a smaller, faster, more 
m incing  pace at the same overground velocities of 
walking. Under headloading, the foot slaps down earlier, 
im plying less effective cushioning of the heel-strike, an d / 
the heel rises earlier from  the ground than under norm als 
conditions. The period of foot-flat between the braking  
and the propulsive  phases at each end of the contact 
period, is longer under headloading. All these pheno
m ena help to explain how balance is m aintained and 
heavy loads are sustained by headload carriers.

The adapta tions o f headload carriers are complex 
and involve significant differences from norm al walking; 
but these are always differences o f degree, not of kind; 
patterns are accentuated or attenuated, bu t not reversed 
or obliterated. This overall finding prom pts an observa
tion in reverse from  emphasis on the differences be
tween norm al and headload walking: given the nature 
o f the loads carried in this study, com prising wood- 
bundles 160% of stature in length and 40% of body 
mass in load, it is rem arkable how natural the elicited 
gait pattern  is; how stable the norm al pattern  of human 
locom otion is to be so little disrupted.
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SPEED (Statures.s-1) SPEED (Statures s71)

(C)

SPEED (Statures.s 1)

Fig. 5. Breakdown o f  foot-floor contact components. Broken line represents unloaded condition; solid line represents loaded 
condition.
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CONCLUSION
The sig n ifican t c o n tr ib u tio n  of th is p re lim inary  

analysis is th a t it strongly suggests tha t the m ost p ro 
ductive areas for detailed research in future should 
concentrate on the causes of reduced shock-absorption 
(from  heel-strike to  foot-flat) and on the question of 
w hether heel-rise is caused by passive ‘over-ride’ of the 
rear limb or active m uscular propulsion by the gastroc- 
nemius-soleus com plex, o r is ju s t an artefact of the fast 
stepping frequency.

A ngular kinem atic analysis, concentrating  on the 
knee and the hip, should assist in obtaining answers to  
the above questions, as well as in suggesting w hat the 
effects m ight be on these jo in ts  o f the hab itual practice 
of head-load walking. These are the subjects of our on
going analysis.
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12-23 M A Y  1986
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Content: The basic principles of H um an Genetics 

and the practical application  thereof in 
the provision of a comprehensive health 
service.

Expenses: T he course  is free. P a rtic ip an ts  are 
responsible fo r their own accom m oda
tion and travel expenses.

Applications: Closing date 7 M arch 1986.
Please apply to Mrs. E. van der M erwe, D epart

m ent o f H ealth  and W elfare, Private Bag X63, 
P re toria  0001.
Please note: (1) All ap p lica tio n s are  sub ject to 
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Details from: Halliwick in ’86, c /o  M rs. L. van 
H erk, P.O . Box 9101, 6500 HB Nijmegen, N ether
lands.
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