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ABSTRACT. Changes in posture during one hour of sitting 

were measured by a statometric method on ten subjects. 

Four seats were used, one horizontal and three with forward 
inclinations respecth·ely of 5°, 10° and 15°. With increasing 
forward inclination of the seat, the spine moved toward 

lumber lordosis. A supplementary sample showed that 1/3 
of the body's adaptation to the seat inclination took place in 
the spine and 2/3 in the hip joints. A tendency to a more 

vertical position of the trunk as a whole was observed on the 

5° chair, but the posture of the cervical spine was not in­

fluenced by the seat inclination. During the hour of sitting 

a slight tendency was observed for the subjects to sit with 
the trunk in the most vertical position at the first measure­

ments. The back curves did not change in any systematic 

way during the hour. A comfort evaluation showed the 5° 

forward inclination and the horizontal seats to be preferred. 
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Many investigators (l, 12, 18, 27, 32) recommend 
that the seat suiface should be inclined about 5° 

backwards; one has even suggested 15° backwards 
(29). Others suggest that the seat should be almost 
horizontal (20, 28), and in some committees (6, 10, 
15) a range from 0° to 4°-5° backwards has been sug­
gested. Another body of opinion focuses on the
possible advantages of a forward inclination of
either the whole seat ( 4, 7, 21, 24, 25, 30, 35), the
posterior part (5, 31), or the anterior half (17). Man­
da! (24, 25) suggests a tillable seat from -5° (back­
wards) to + 15°, and Kroemer (20) an adjustable
seat slope between -6° and +6°, to make it possi­
ble to change the position for different tasks.

Despite the fact that sitting posture may change 
during long-term sitting, almost all knowledge of the 
subject has been based on studies carried out on 
people sitting for a few minutes. Long-term sitting 
has been evaluated by means of varying parameters 

(3, 8, 13, 14, 16, 19, 22, 23, 27, 36) but the only pub­
lished studies concerning spinal curves during long-

term sitting are those of Eastman & Kamon (9) and 
Grall (11). 

The purposes of this study were: 
1. To compare spontaneously chosen posture

when sitting one hour on each of the four seat in­
clinations-horizontal, 5°, I 0° and 15° forward-and 
to estimate the adaptability of the trunk and hip 
joints to different forward inclinations of the seat. 

2. To follow the changes of the spinal curves
during one hour of sitting on one seat. 

3. To evaluate comfort in relation to the different
seat inclinations. 

MATERIAL 

Ten healthy subjects were examined, six females and 
four males, aged 2}....68 years (mean 33 years). Their 
weights ranged from 45 to 75 kg (mean 60 kg) and heights 
from 159 to 187 cm (mean 173 cm). None had back trouble 
or back abnormalities at the time of investigation. 

Four experimental chairs were used with seats measur­
ing 37 cm from front to back and 44 cm from side to side. 
The seats were sagittally straight, except for a downward 
curved front border, and slightly concave from side to 
side. They were covered with 4 cm of foam of moderate 
firmness (100 kg/cm3) and upholstered with a cloth ma­
terial. The seats were mounted on a base easily adjust­
able in height, the only difference being the horizontality 
or inclinations forward of the seat surface of 5°, I0° and 
15°. The chairs had no back rest. 

The experimental table had a top surface which was 
height adjustable. It was 2 cm deep and had no frame. 

METHOD 

The following four points were marked on each subject 
with a speed marker (Fig. I a); I) the sacral point (S) was 
the bony prominence nearest to the top point of the right­
angled, isosceles triangle appearing in Fig. 2; 2) the lumbar 
point (L) and 3) the thoracic point (T) were the spinous 
processes nearest to the top points of the respective 
curves, when accentuated maximally during sitting; 4) 
the occipital point (0) was the external occipital protuber­
ance. 
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Fig. I. The four back points are seen on the figure to the 
left. They are projected to the figure to rhe right, where 
the vectors and the thoracic and lumbar angles are illus­
trated. 6 P is the difference between the end points of the 
long vector and the three short ones. 

Four vectors were drawn to connect these points: The 
sacro-lumbar (S-L), the lumbo-thoracic (L-T), the 
thoraco-occipital (T-O) and the sacro-occipital vector 
(S-O). After measuring their inclinations and lengths, 

these vectors could be plotted on paper as shown in Fig. 

I (right). A fifth vector, the sacro-thoracic (S-T), was cal­
culated, as were the angles between the short vectors. 
These angles were called the thoracic and lumbar angles. 

Ideally the end point of the long vector S-O should be 

identical to the end point of the sum of the three short 
ones. By calculating the distance between them, an ex­
pression for the accuracy of the measurements should be 

obtained: The shorter the distance, the better the ac­
curacy. The four points were covered with tape at the 
end of a day's testing to make it possible to use them again 
the next day. 

The apparatus used to measure the vectors was the in­

clinometer introduced by M!,'Slhave (26) and shown in Fig. 
3. The scale for measuring the inclinations was divided 
into 0.5 degrees. 

PROCEDURE 

To accustom the subjects to a forward inclining seat their 

homes were furnished with a tiltable office chair at least 
two weeks before the experiment. The seat could tilt 

from 5° backward to 15° forward. 
The sitting position was defined in the following way: 

The subject was seated with the hindmost gluteal point 
touching a line perpendicular to the rear edge of the seat. 

To ensure that the thighs conformed to the seat surface, 
height adjustment was effectuated by placing the seat at 

first a little too high, with the legs hanging freely, and 
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s- - -\•� J._ � - - - The sacral bone 
" 

Fig. 2. The sacral area seen from behind. The position of 

the sacral point S is illustrated. 
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Fig. 3. The inclinometer in use. 

later lowering it until the stockinged feet rested on the 

floor with the lower part of the legs vertical. Approxi­
mately 2/3 of the thighs were resting on the seat. The 
height of the seat was defined as the distance from the 

floor to the midpoint of the seat surface, just above the 
axis for tilting when adjusting the four seat inclinations. 

The table height was adjusted so that its surface was 

2 I cm higher than that of the seat. 

In each position the subjects were asked to sit in a com­
fortable position with the elbows placed on the table and 
read a horizontally placed text. The horizontal distance 
from the border of the table to the rear edge of the seat 

was measured to ensure it was identical for the separate 
subject at the different examination days. 

Each subject was examined on four consecutive days, 

each day on a different seat inclination. The sequence of 
the four seat inclinations was taken at random for the 
different subjects. During the one hour of sitting, the 
backcurves were measured after approximately 5, 15, 25, 
35, 45 and 55 min. The subjects did not know when a 
measurement was going to take place. 

When it was time for a measurement the subject was 

asked to hold the posture. A forehead indicator was then 
moved toward the forehead to minimize changes in the 
posture during the two to three minutes of measuring 
(Fig. 3). 

At the end of the period of sitting all subjects were 
asked to estimate the degree of comfort on each specific 
seat inclination, using a scale from one (poor) to five 

(excellent). The same scale was used to rate the tillable 
chair they had used for two weeks in their home. 

Supplementary sample I 

The inclination of the T-O vector did not change with 
head movements only, but did so with different positions 
of the hip joints and/or the lumbar spine as well, even if 
the cervical spine was not flexed or extended. Therefore, 
to estimate the position of the head in relation to the trunk, 
the T-O length was assessed. To correlate this length to 

the approximate extent of nodding movements, the T-O 

vector was measured in two different positions of the 
head: at a spontaneously chosen reading position and at 
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Fig. 4. The supplementary study II where the change of
the lumbar angle was measured in relation to a 15° forward
tilting of the seat, thighs and pelvis. The degree of flex ion
in the hip joints was identical in the two positions con­
trolled by reproducing the distance sp-p.

10° of further flexion of the head. The trunk was fixed by
holding the contact with two bars, one touching the sev­
enth cervical spinal process, the other touching a low
thoracic one. The position of the head was determined by
measuring the inclination of a pointer mounted approxi­
mately perpendicular to the forehead. 

Twelve subjects--nine males and three females-were
examined, greatly different from the subjects in the main
study. Their heights ranged from 159 to 188 cm (mean 179
cm), weights from 50 to 86 kg (mean 69 kg) and ages from
24 to 37 years (mean 31 years).
S11ppleme11ta1)' sample II 

Because an increase of the lumbar angle with increasing
forward inclination of the seat was demonstrated in the
main study, a supplementary study was performed, where
the interaction between movements of the lumbar spine
and the hip joints when inclining the seat forward was
estimated. This was accomplished by two measurements
(Fig. 4). First LL was measured while the subject sat on a
horizontal seat, and simultaneously the distance between
the apex of the patella (p) and the anterior superior iliac 
spine (sp) was determined. Secondly LL was measured
after the seat, thighs and pelvis were tilted 15° forward.
The degree of flexion in the hip joints was reproduced by 
rotating the pelvis forward, until the p-sp distance was the
same as in the previous determination. The degree of
flexion in the knees was also reproduced in the second
position, and a check was made that the upper trunk was
in the same position in both measurements. This was done
by controlling that the upper arms were in the same posi­
tion when the subjects were resting their elbows on the
table. Twenty measurements were carried out on ten sub­
jects, greatly different from the participants in the main
study. Five were male and five female aged 24 to 37 years
(mean 30 years). Their heights ranged from 159 to 188 cm
(mean 175 cm) and weights from 50 to 76 kg (mean 66
kg).
Statistics 

The following seven variables were treated statistically:
The inclination of the four vectors S-L, L-T, S-T and

Table I. Mean seat heights for the ten subjects in

relations to the four seat inclinations 

Seat 
inclination

o·

5•
10° 

15° 

Seat height (cm)
Mean

50.9
55.8
57.3
60.6

so 
3.8
4.4
4.0
4.0

T -O, the length of the T-O vector and the thoracic and
lumbar angles. Standard deviations (SO) of each variable
were calculated and averaged for all seat inclinations and
subjects (Table II). These estimated SOs were calculated
for measurements obtained in the course of one hour. 

When estimating the changes of a separate variable in
relation to the different seat inclinations, two-way analy­
sis of variance was performed on the averaged values for
each subject and seat inclination. The lumbar angle
showed a tendency to increase with increasing seat in­
clination. Therefore comparisons of the regression lines
were also made regarding that variable. Comfort was
evaluated by Friedman two-way analysis of variance on
ranks for possible correlation with seat inclinations.

RESULTS
The mean distance between the end points of the
long vector S-0 and the end point of the sum of the
three short vectors was 1.09 (SD=0.64). Of the 240
measurements planned, 226 were performed. The
missing 14 were mostly due to technical problems.

As expected the seat heights given in Table I
show an increase with increasing forward inclina­
tion of the seat, due to the method of height adjust­
ment. The SD of the spinal curve variables meas­
ured after 5, 15, 25, 35, 45 and 55 min on each of the
four seats are given in Table II. During the hour of

Table II. Estimated overall standard deviations

( SD) for each of the seven spinal variables 

These SOs represent the variation between six different
measurements within the course of one hour
Variable

S-L inclination
L-T inclination
S-T inclination
T-O inclination
T-O length
LT 

LL

so 
5.2 degree
5.4 degree
5.2 degree
4.6 degree
0.7 cm 
2.8 degree
1.4 degree
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essentially in the same direction. Furthermore, as 

the upper thoracic spine above the T point is just as 

fixed as the lower part, the thoraco-lumbo-sacral 

curve could only account for minor variations. 

Therefore, the variations of the vectors mainly 

originated from tilting the whole trunk over the 

ischial tuberosities (34) and from movements in the 

cervical spine. Nodding movements estimated 

from the T-O length seem to explain the larger 

variation of the thoracic angle compared to the 

lumbar angle. 

ACKNOWLEDGEMENTS 

This investigation was supported by grants from The 
Council of Technology, Copenhagen, Denmark, The 
Danish National Association Against Rheumatism, The 
Danish Wood Council and The Danish Medical Research 
Council. The chairs were supplied by SEDEO-MA TIC, 
Copenhagen. The statistical analyses were carried out by 
J. Nyboe (a statistician) and P. Dalgaard (a student of
statistics) of Rigshospitalet, University of Copenhagen.

REFERENCES 

I. Akerblom, B.: Standing and Sitting Posture. Stock­
holm, 1948. Thesis. 

2. Andersson, G.: On Myoelectric Back Muscle Activity
and Lumbar Disc Pressure in Sitting Postures. Giite­
borg, 1974. Thesis.

3. Brattg�rd, S.-O., Carlsoo, S. & Severinsen, K.: Tem­
perature and humidity in the sitting area. Jn Bed Sore
Biomechanics (ed. R. Kenedi, I. Cowden). Mac­
millan, 1976.

4. Burandt, U.: Rontgenuntersuchung iiber die Stellung
von Backen und Wirbelsaule beim Sitzen auf vor­
geniegten Flachen. Ergonomics 12: 356, 1969. 

5. Burandt, U. & Grandjean, E.: Die Wirkungen ver­
schiedenartige profilierter Sitzflachen von Biiro­
stiilen auf der Sitzhaltung. Int Z Angew Physiol 
Einschl Arbeitsphysiol 20: 441, 1964. 

6. CEN: Poste de travail siege-bureau, dimensions et
caracteristiques de construction. Pr EN 91 F, 1979.
Comite Europeen de Normalisation, AFNOR, Tour
Europe CE-dex 7, 92080 Paris la defence, France.

7. Drescher, E. W.: Der Arbeitssitz. Reicharbeitsblatt
III. Tei! 9: 153, 1929.

8. Dupuis, H. & Rieck, A.: Zur Belastung und Bean­
spruchung des Verkaufspersonals <lurch lange Steh­
tatigkeit. Z Arb Wiss 34: 56, 1980.

9. Eastman, M. C. & Kamon, E.: Posture and subjective
evaluation at flat and slanted desks. Hum Factors
/8: 15, 1976.

10. Engdahl, S.: School chairs. Miibelinstitutets Rapport
24, Stockholm, 1971. (In Swedish.)

11. Grall, T. B.: An experimental investigation of the
quantitative effects of postural support on man's
systematic stress mechanism during sustained visual 

Srnnd J Rehab Med /5 

task performance. Institute for Consumer Ergonom­
ics, University of Technology, Loughbourough, 
Leichestershire, England, 1974. 

12. Grandjean, E.: Fitting the Task to the Man. Taylor 
and Francis Ltd, London, 1975. 

13. Hedberg, G., Bjorksten, M., Ouchterlony-Johnsson, 
E. & Johnsson, B.: Rheumatic complaints among 
Swedish engine drivers in relation to the dimensions 
of drivers cab in the Re engine. Appl Ergonom 12: 93,
1981.

14. Hunting, W., Grandjean, E. & Maeda, K.: Con­
strained postures in accounting machine operators. 
Appl Ergonom II: 145, 1980.

15. ISO: Draft International Standard ISO/DIS 5970:
Chairs and table for educational institutions-func­
tional sizes. International Organization for Stand­
ardization, Case Postal 56, Geneve 20, Suisse. 

16. Johnsson, B., Hagberg, M. & Sima, S.: Vocational 
electromyography in shoulder muscles in an electron­
ic plant. Jn Biomechanics VII (ed. K. Fidelius). Balti­
more University Park Press. In press. 

17. Jurgens, H. W.: Die Verteilung des Kiirperdrucks auf
Sitzflache und Riickenlehne als Problem der In­
dustrieanthropologie. Ergonomics 12: 198, 1969.

18. Keegan, J. J .: Alterations of the lumbar curve related
to posture and seating. J Bone Joint Surg 35-A: 589,
1953.

19. Kelsey, J.: An epidemiological study of the relation­
ship between occupations and acute herniated lumbar
intervertebral discs. I nt J Epidemiol 4: l 97, I 975.

20. Kroemer, K. H. E.: Seating in plant and office. Am
Ind Hyg Assoc J 32: 633, 1971. 

21. Laurig, W.: Der Stehsitz als physiologisch giinstige
Alternative zum reinen Steharbeitsplatz. Arbeitsmed
Socialmed Arbeitshyg4: 219, 1969.

22. Lundervold, A. J. S.: Electromyographic investiga­
tions of position and manner of working in typewrit­
ing. Acta Physiol Scand 24, Suppl. 84, 195 I.

23. Magora, A.: Investigation of the relation between 
low back pain and occupation. 3. Physical require­
ments: sitting, standing and weight lifting. Ind Med
41:5, 1972.

24. Manda!, A. C.: Work chair with a tipping seat. Ugeskr
Lreger 132: 1699, 1970 (In Danish with summary in
English.)

25. Manda!, A. C.: The seated man (Homo sedens). The
seated work position. Theory and practice. Appl Erg 
12: 19, 1981. 

26. M0lhave, A.: A Biostatic Investigation. Munksgaard, 
1958. Thesis. (In Danish with summary in English.)

27. Ollefs, H.: Zur Orthopaedie des Sitzen. Orthopaedie
80: 573, 1951.

28. Peters, T.: Anthropometrische und physiologische
Grundlagen und Gestaltung von Biiroarbeitssitzen.
Ergonomics 12: 162, 1969.

29. Rizzi, M.: Entwicklung eines verschiebbaren Riicken­
profils fur Auto- und Ruhesitze. Ergonomics 12: 226,
1969.

30. Schlegel, K. F.: Sitzschaden und deren Vermiedung
<lurch eine neuartige Sitzkonstruktion. Med Klin
51: 1940, 1956.

31. Schneider, H. J. & Lippert, H.: Das Sitzproblem in



Posture of the trunk ll'hen sitting 011 Jorll'ard inclining seats 203 

funktionell-anatomischer Sicht. Med Klin 56: 1164, 

1961. 

32. Schobert, H.: Sitzhaltung, Sitzschaden, Sitzmobel.

Springer-Verlag, 1962.

33. Snorrason, E.: Work chairs and work tables. Milneds­

skrift for praktisk lregegerning33: 361, 1955. (In Dan­

ish.)
34. Snorrason, E.: Rest chair problems. Tidsskrift for

Fysioterapeuter 5/: 211, 1969. (In Danish.)

35. Staffel, F.: Zur Hygiene des Sitzens. Zentr Allgem

Gesundtheitspflege 3: 403, 1884.

36. Winkel, J .: Swelling of the lower leg in sedentary

work-a pilot study. J Hum Ergol (in press).

Address for offprinrs: 

Tom Bendix 

Laboratory for Back Research Department of Physical 

Medicine and Rehabilitation 

Rigshospitalet, University Hospital 

Blegdamsvej 9 

DK-2100 Copenhagen 

Denmark 

Scand J Rehab ,\led 15 




