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o rig in a l Society  o f M assage  and  M ed ica l G y m n astic s 
le tte rh e a d s .10

I am  su re  th a t  th is  is e n o u g h  fo r  us to  ap p rec ia te ,a ll 
th a t  h as h a p p en e d  a n d  I h o p e  th a t  th e  co u rag e , 
e n th u s ia sm , v ig o u r and  in g en u ity  o f  o u r  fo re -ru n n e rs  
will sp u r us on  to  an  even  g re a te r  fu tu re .
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A Preliminary Study o f Chairs with 
Forward-sloping Seats, and Sitting 
Postures
R. S. BRIDGER

SUMMARY

! A radiological study of sitting posture is 
reported. Lateral views of the spines of subjects 
were obtained whilst the subjects adopted each 
of three postures. The postures adopted were: 
standing erect at a table, sitting on a conven-

j  tional typist’s chair at a table and sitting on a 
prototype chair at a table. The prototype chair 
had a forward tilting seat and a stabilising 
knee platform,

Previous researchers have suggested that 
more erect sitting postures may be obtained by 
using chairs designed to permit users toy sit 
with an angle of hip flexion greater than 90°. 
The study described lends support to this view 
and the results are discussed with reference to 
current research on seating.

OPSOMMING

'n Radiologiese studie van die sittende postuur 
word beskryf. Laterale aansigte van die werwel- 
kolomme van persone is geneem terwyl hulle 
drie houdings opgeneem het. Die houdings was: 
regop staan langs ’n tafel, sittend op ’n gewone 
tikster se stoel en sittend op ’n prototipe stoel 
langs ’n tafel. Die prototipe stoel het ’n sitplek 
wat skuins staan en ’n stabiliserende knie plat­
form.

Voorafgaande navorsers het voorgestel dat 
’n meer regop sittende posisie kan verkry word 
met stoele wat die gebruiker toelaat om te sit 
met heup fleksie van meer as 90°. Hierdie 
studie ondersteun die mening. Die bevindinge 
word bespreek met verwysing na huidige 
navorsing op sitplekke.

R. S. B R ID G E R , M .Sc.
A cting  H ead o f  E rgonom ics Group, D epartm ent o f Bio­
medical Engineering, University o f Cape Tow n and G roote 
Schuur H ospital

IN T R O D U C T IO N
A pelvic t ilt  c h a ir  (F ig u re  1) consists o f  a  fo rw ard  

s lo p in g  sea t w ith an  in teg ra l kn ee  p la tfo rm  p laced 
be low  an d  in f ro n t  o f  it. T h e  m ass o f  a  s ittin g  p e rso n  is
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reducing  low  back p a in  in those  p a tien ts  w here fla tten ing  
o f  th e  lu m b a r  cu rve  is a  cau sa tiv e  fac to r.

T h e  a b o v e  c o n s id e ra tio n s  led to  th e  design  o f  a 
p ro to ty p e  pelvic tilt c h a ir  based o n  th e  co n cep t dep icted  
in F ig u re  1. A f irs t s tag e  in th e  e v a lu a tio n  o f  th e  
p ro to ty p e  c h a ir  w as to  d o c u m e n t th e  sh a p e  o f  th e  
sp ines o f  sub jec ts  s ittin g  in it. A n  a p p ro a c h  based  on  
th e  use  o f  X -ray  p h o to g ra p h y  w as em p lo y ed  an d  is 
d e sc rib e d  below . D e ta ils  o f  th e  c o n s tru c tio n  o f  the  
p ro to ty p e , th e  design  p h ilo so p h y  and  q u e stio n s  c o n ­
cern in g  th e  a cc ep tab ility  o f  such  c h a irs  as a lte rn a tiv es 
to  c o n v en tio n a l w o rk  ch a irs  a re  b ey o n d  th e  scope  o f 
th is p ap er.

M E T H O D
Five h ea lth y  su b jects, age ran g e  2 2 -3 0  years were 

se lec ted , o f  w hich  3 w ere m ale a n d  2 w ere fem ale. 
L a te ra l X -ray s o f  th e  lu m b a r  reg io n  w ere tak e n  such 
th a t  im ages o f  th e  sac ru m , lu m b a r  sp in e  a n d  low er 
th o rac ic  sp ine  w ere o b ta in ed .

F o r  all sub jects, la te ra l X -ray  p h o to g rap h s  w ere tak en  
fo r each  o f  th ree  p o stu re s  as follow s:

1. S ta n d in g  erect.
2. S ittin g  on  th e  pelv ic tilt chair.
3. S ittin g  o n  a  m o d ern  ty p is t’s chair.
T h ro u g h o u t th e  p ro ced u re  fo r tak in g  the  X -ray  p h o to ­

g rap h s , sub jec ts  w ere p o sitio n e d  a t  a  tab le , ad ju s ted  to 
e lbow  h e ig h t an d  g iven  read in g  m a te ria l. A  read in g  
ta sk  w as ch o sen  in o rd e r  th a t  th e  p o stu re s  o b ta in ed  
u n d e r  th e  ab o v e  th re e  co n d itio n s  w ould  have  som e

Fig, I. The pelvic till chair concept.

d is tr ib u te d  betw een  the  tw o  su rfaces an d  lo ad  is tak en  
by b o th  the  ischial tu b ero s ities  an d  the  sh ins.

A fo rw ard  tiltin g  seat p e rm its  a n te r io r  tiltin g  o f  the 
pelvis w hich, a cco rd in g  to  b o th  M a n d a l1 and  K eeg an ,2 
m ain ta in s  th e  sh ap e  o f  the  lu m b a r  cu rve  w hen sitting .

^C onversely , c o n v en tio n a l ch a irs  w ith  h o rizo n ta l seats 
lead to  p o s te r io r  tiltin g  o f  th e  pelvis acco m p an ied  by a 
f la tten in g  o f  th e  lu m b a r cu rv e  o r  lu m b a r  kyphosis. 
M a n d a l1 suggests th a t  th is is a m a jo r cause  o f  p o o r  
sittin g  p o stu re  and  m ay be im plica ted  in th e  incidence  
o f back  p a in  in seated  w orkers.

T h is p ap er describes the  resu lts  o f  an  investig a tio n  
in to  th e  sh ap e  o f  th e  lu m b a r curves o f  sub jects s ittin g  
in a  p ro to ty p e  pelvic tilt cha ir. T h e  resea rch  w as carried  
o u t as p a r t o f  a p ro g ram m e  aim ed a t id en tify in g  
m eth o d s fo r  th e  red u ctio n  o f  low  back  p a in  am o n g s t 
hosp ita l em ployees.

A lth o u g h  th e  p ro b lem  o f  low  back  pa in  is co m p lex , 
K eegan2 describes ho w  fla tten in g  o f  th e  lu m b a r  curve 
causes “ a n te r io r  w edg ing” o f  th e  low er lu m b a r in te rver- 
teb ra l discs re su ltin g  in p ressu re  o n  th e  p o s te r io r  sp ina l 
ligam en ts a n d /o r  nerve ro o ts  and  p a in . T h is im plies 
th a t  a  c h a ir  designed  to  p reserv e  th e  sh a p e  o f  th e  
lu m b a r cu rve  in s ittin g  m ig h t have beneficia l effects in

Fig. 2. The m ethod fo r  establishing the coordinates o f  loci 
along the axis o f  a spine. The x  axis is taken to be the 
straight line distance fro m  S I  to T5.
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co rre sp o n d en ce  to  th e  type o f  p o stu re s  a d o p te d  by 
w orkers in th e ir daily  activities.

T rac in g s w ere th en  m ad e  o f  th e  X -ray  p h o to g rap h s . 
T hese  w ere used as th e  b asis fo r e x tra c tin g  th e  d a ta  
req u ired  to  ch arac te rise  th e  shape  o f th e  spines in 
q uan tita tiv e  term s. T w o m ethods o f q u an tita tiv e  analysis 
w ere em ployed:
1. A fte r loca tin g  th e  geo m etric  cen tres o f  the  im age o f 

each  v e rte b ra , as illu s tra ted  in F ig u re  2, c o o rd in a te  
system s w ere c o n s tru c ted  a b o u t the  axes o f  the  
sp ines fro m  S I to  T5. T he c o o rd in a te s  o f  the  loci 
w ere th en  estab lish ed . T h o rac ic  v e rteb rae  above T5 
were no t adequate ly  defined in the  X -ray p h o to g rap h s 
to  w a rra n t inclusion  in the  analysis.

2. R ad ii o f  c u rv a tu re  w ere c a lcu la ted  a t each  lu m b a r 
verteb ra . T his is illu stra ted  in F ig u re  3.

R E SU L T S
1. T he d a ta  are  p resen ted  in  su m m ary  fo rm . F igu re  4 

d ep ic ts  th e  m ean  sp in a l sh ap es o f the  5 sub jects as a  
w hole in  each  o f  the  th ree  p o stu res. T he d ifferen t 
sizes o f th e  su b jec ts’ sp ines were acco u n ted  fo r by 
expressing  each set o f  co o rd in a te s  fo r  a  p a rticu la r  
sub ject and  p o sitio n  in te rm s o f  its p e rcen tag e  o f  the  
sp inal length  fo r th a t subject. Sp inal length  is defined 
here as the  s tra ig h t line d istance  fro m  S I to  T5 
(F ig u re  2). T hese n o rm alised  d a ta  fo r each  sub ject 
w ere co m b in ed  fo r each  p o stu re  to  give the  m ean  
curves show n  in F ig u re  4.

Fig. 4. The shape o f  the spines from  S I  to T5 summarised 
over 5 subjects fo r  each o f  three postures. S T  = Standing; 
P T =  Sitting on the pelvic tilt chair; TC = Sitting on the 
typist's chair.

8□
a

Oa

Fig. 3. The radius o f  curvature (Rc) o f  the lumbar spine at 
L4. Values o f  Rc were calculated fo r  each o f  the lumbar 
vertebrae.

Fig. 5. Mean radii o f  curvature o f  the lumbar spine at each 
o f  the lumbar vertebra fo r  each o f  the three postures. S T  
=  Standing; P T  = Sitting on the pelvic tilt chair; TC  =  
Sitting on the typist’s chair. Positive values o f  1 / Rc corres­
po n d  to concave, or lordotic curvature and negative values 
to convex curvature.
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2. F ig u re  5 d ep ic ts th e  m ean  ra d ii o f  the  cu rv a tu re  fo r 
a ll sub jec ts  a t each  v e r te b ra  fro m  L5 to  L I in each  
o f  th e  th ree  p o stu re s . T h e  ra d ii o f  c u rv a tu re  a re  
p lo tted  as rec ip ro ca ls  (i.e. 1 /R c , w here R c  =  rad iu s 
o f c u rv a tu re )  to  ease v isu a lisa tio n . L arg er values o f 
1 / R c ind ica te  g rea te r cu rv a tu re .

d i s c u s s i o n
T he d a ta  in d ica te  a  tre n d  in  the  sh ap e  o f  th e  sp ines, 

b eg in n in g  w ith a  su b s ta n tia l con cav ity  o f  th e  lu m b o ­
sac ra l curve in th e  s ta n d in g  p o stu re , to  a n  a lm o st 
com p le te ly  fla t sh ap e  in th e  tra d itio n a l s ittin g  p o stu re . 
T he sh ap e  o f  th e  lu m b o sa c ra l cu rv e  w hen s ittin g  in th e  
pelvic tilt ch a ir is in te rm ed ia te , th a t is, th e  concave, o r 
lo rd o tic , shape  is p resen t a lth o u g h  it is f la tte r  th an  in  
the  s tan d in g  postu re .

K eegan2 suggests th a t  th e  physio log ica lly  n eu tra l 
.sh a p e  o f  th e  lu m b o sac ra l cu rve  is o b ta in ed  w hen the  
yangle be tw een  th e  th ig h s  an d  th e  tru n k  is 135°. W hen  

sittin g  on  a  co n v en tio n a l ty p is t’s ch a ir, th is  angle is 
a p p ro x im a te ly  90°-. T he pelv ic  tilt c h a ir  has a  fo rw ard  
slop ing  seat angle o f  30° w hich p e rm its  a  u se r to  sit 
w ith  a  t ru n k /th ig h  angle o f  120° (F ig u re  1). In  o rd e r to  
a p p ro a c h  K eeg an ’s ‘id e a l’ ang le  o f  135°, a  fo rw ard  
slope o f  45° w ou ld  need  to  be in c o rp o ra te d  in to  the  
design. T h is m ig h t'b e  im p ra c tica l fo r m any  o f  th e  ta sk s  
carried  o u t by sed e n ta ry  w o rkers. H ow ever, th e  resu lts 
o f  th is in v estig a tio n  are in genera l ag reem en t w ith 
th o se  o f  K eeg an 2 in term s o f  th e  in fluence o f  h ip  
flex ion  on  the  sh ap e  o f the  lu m b o sac ra l curve. I f  it is 
accep ted  th a t lu m b a r lo rd o sis  is a  desirab le  fea tu re  o f 
th e  sittin g  p o stu re  o f  sed en ta ry  w orkers, th en  fo rw ard  
slo p in g  sea ts c learly  have a  p lace in  th e  design  o f  office 
ch a irs  —  p a rtic u la r ly  w here  ta sk  an d  w o rk  space  c o n ­
stra in ts  req u ire  th a t  an  erect p o stu re  is ad o p ted .

T he d a ta  p resen ted  here w ould  lead  to  th e  h ypo thesis 
th a t  a  pelvic tilt c h a ir  w ith a  sea t angle o f  30° w ould  be 
effective in red u cin g  low er b ack  p a in  in som e instances, 
d ep en d in g  o n  th e  n a tu re  and  cause  o f  th e  p a in  an d  any 
und erly in g  p a tho logy .

^  L im ita tio n s  o f  th e  p resen t s tu d y  cen tre  a ro u n d  the  
a r tif ic ia lity  o f  th e  e x p e rim e n ta l s i tu a t io n  a n d  th e  
req u irem en t th a t  sub jects a d o p t s ta tic  p o stu re s  d u rin g  
the  X -ray  p rocedure . Som e m eth o d  o f sam p lin g  p o stu re  
d y n a m ic a lly  u n d e r  m o re  n a tu ra l  c irc u m s ta n c e s  is 
requ ired .

A d d itio n a lly , th e  p resen t investiga tions need to  be 
e x ten d ed  to  ad d ress  w ider issues co n ce rn in g  th e  e rg o ­
n om ics o f  im p lem en tin g  th is concep t. Im p o r ta n t con- 
d id e ra tio n s  are the< c h arac te ris tics  o f  users, task s and 
w orkspaces, u ser accep tab ility , co m fo rt and  aesthetics.

C O N C L U SIO N S
1. T hese d a ta  suggest th a t one effect o f  th e  pelvic tilt 

c h a ir  on  p o stu re  is th a t it p e rm its a  sub ject to  sit 
w ith o u t the  f la tten in g  o f  th e  lu m b a r curve  w hich 
ten d s to  occur in -co n v en tio n a l office chairs.

2. T h is  m ay  red u ce  th e  severity  an d  incidence  o f  low  
b a c k  p a in  a m o n g s t c e r ta in  s e d e n ta ry  w o rk e rs

d ep end ing  on  th e  o rig ins o f th e  pa in . F u r th e r  investi­
g a tio n s a re  req u ired  to  iden tify  categories o f u sers 
w ho m ay  o r  m ay n o t  benefit fro m  th e  use o f  th is 
type o f chair.

3. Im p le m en ta tio n  o f th is co n cep t re q u ire s  fu r th e r  
in v estig a tio n s to  m atch  ch a ir design  to  task s, u sers 
an d  w o rkp laces an d  to  assess u se r accep tab ility  and  
co m fo rt.

The author wishes to express his appreciation to Professor 
R. E. Kottler, Ms C. Lemm and Ms G. Bowie of the Radiology 
Department, Groote Schuur Hospital for the assistance and 
cooperation which made this investigation possible.

A n y o n e  in terested  in collaborating in fu r th e r  research on back pain  
related issues, sh o u ld  contact the  author .
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