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The Effects of Different Backrest Pivot Positions on the Human Body
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Abstract: In this study, the optimal position for the backrest pivot of an office chair was investigated by evaluating its
performance in terms of the lumbar support and sliding distance of the back from the backrest during tilting motions.
The simulation was performed using a mathematical model, which included a human body and a chair. Forty-two
backrest pivot points were selected on the sagittal plane around the hip joint of a sitting model. A motion analysis
study was also performed using a prototype of an office chair (A-type) with a backrest pivot located on the hip joint
of a normal Korean model and a typical office chair (B-type) with its pivot located under the seat. The simulation
results showed that both the lordosis angle and the slide distance of the back were minimized when the backrest pivot
was positioned close to the hip joint. The experimental results showed that the slide distance and gap between the
sitter's lumbar and the backrest was smaller with the A-type than the B-type. Based on the simulation and experimental
results, it can be concluded that the backrest can support the sitter's lumbar area more effectively as the pivot position
for reclining approaches closer to the hip joint. In this position, the sitter can maintain a comfortable and healthy
sitting posture. This paper presents the methods and guidelines for designing an office chair with ergonomic
considerations.

-71EdY - bl~b3 : QlA|ol] =3k vkAlnlA] HE
cl~c3 : oAfel] F-23h wkApwlA W
0 : 857 E
A-type: ¥ 3|HFo] aykdol] |7k oAt 1. A 2
B-type : A-typeol] H]uLE 9|3k 7|E o)A}

ARA ZS AFE ALgoR Qs oA

T Corresponding Author, chungkr@kitech.re.kr
olgol A4 i Uk Loy HYE PR




168 AAE -dF5 - F

Al gk A3E ZA
2 Eashe Aol
59 Aqtel WEW
wel T /1ol
< fFgela taa =
S o3 A= s
duslel 2L FUAT. GA A4E A
AAE Y8l Aol A 2FA]A] 7]Fo] FaA
Ha 3l

[FAA7IEH A RS TIEole= 7sY
TOAE AxHI Ao 5 T 71 A
o s Tl&olw A9 dted Sl H7te]
o] @F A oFHo] Zopxja ol A=A
Aol HF5E Aol #FAHEE EHE BHAGSH
wepA] ARG oAtell A TS VlEole S
st ©E dAYSE(tilt mechanism)S  ASEHS
A% F5 FALA7F Ha o

g o] T]EolAE ot AR dAg
HE 2 dsHol TAld 7oAl SAS 42
#1}o]= ¥ E(synchronized tilt)gal 3Hc}® o)z}
of AAIZE gkol = A HEFIF Ao w
neAE Agol Yid Huol FHoZ A7
LubE VlEolfoewA munys WA &
09 damye|z ELE QFA AL F A
o|t}. Lengsfeld &< A¥s &3l vt 7]1&9]
A Agut 9% @ gl Jaz
o]z "HEQ Fgo HEA @FH7o]

]

X
)
R

3 BauEP? oAy Jazyel= HEE
2 ARE g dE wAYZ|g & 5
o A EAEL Qe e AFEE Qx|
g% gl

a#y dazyel= "EVL H&HAn sy

T E53S 7)golE "HE EZA] EAdo] B
aH ok &, vEA ge AAdAME 53
S¥o] "ol 937k AAEHY & V&Yl
upel el @ FA A Abele] o] Z(distance)©]
HAskal T3 T3 Abolo] wI1gl(sliding)e] ¥
oAdtt® o] e ol T 3] 4= (backrest
pivot) I ¢l 3] dZFo] BHAX|sl7] wjio|r}®
ARE 510 gAxE Aol S# A Fo)
olAle] A Ao AAHA 5& doA A
< o T3 wEZ 2 Abe]e] wiigle] FhAgith
S 5, S g Se] AAe uHH
A ed HEA] T3 FHAlole] m1rdoe] A

Fig. 1 The disagree between the back and the
backrest when tilt motion

1
wre} ASE @ F$-YHkyphosis)? 59 WIIH
Glips HolFth o= 3o 3dF AA7 &
7ol ’HE S| Al A= dEa #

o] AFS JrFt

=

A% Frrrl A QAw
A B AP
stk A QAAEE AF AN E oI5
Qi oAl AHE AARDE FAHL

)

. 7
Fae] FAF QA 2FAA % Fo
E

oft fot [m fd o mlo =2

o 0](['1 k
do

Shs
o
Ot
ol
38
v

N
~

M
X,
offl
)
M
1%
1t
o)
=2,
>,
rlr
| Oln
oo o
o
o Ll
=
o
fo 1o N -

Lo

¥ o O

22 UM EE AlSeo|M giy

oA o] A A K O] Al (sagittal plan)
Aol A F3e] 3 AF AAE thstA A sk
AlEdolA shelth Fig. 29 2ol ¥ (hip
join)S YHoz & Xy HAXHWS HAA3
XZ= Ao AE -80mmol A 120mm7FA] 40mm7tE4
07 6XS NAEPL, YE A AE -160mmol

[¢]



Fig. 3 Simulation condition
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Backrest pivot

Fig. 5 Experimental chair model

A= A7 AQldAE 9 (E o], 2442[SD]
Al 7], 17245em; B, 69+8kg)olH A
o= 32k FEHEAA]2E(Vicon 3D motion analysis
system)©] ARE-E] AT

SR A9e sl Swe] Sl WAl

g paein 9EA dalsh Swe) v sel
JasE S4sid 5ol g wels 52
S¥Abel o] AR S E EESlth

A Aol WAIAR QA ol A %
615 wassieh )
o 370(b1~b3)E Z}7}
WARA A Bl 5
(c1~c3)E F&etsith

X

27 ghob 54o]

.

Fig. 6914 <1A(b1~b3)2} S(cl~c3)ol F-2%
nAE S22 FF HoAd HE A% o 9F
WAl €rh webA] HE AS A nkAL A
4 912 Wstgs Asssith WA T A
Al(rigid body)e]”7] o] Tdo] F-=w 3719
A (cl~c3)E BE Fol Fd fXAAS F
Agith, wepa HE o] T3 viAE HE %
o fAlo YA =T FHEol e dFAUTHcel=cl,
c2=c2", ¢3=c3") TAlo 35 YHo= i XF
o] c1& AYUEE HRE WIste] QA wiA
HE Hi gE ®E FLskH Fig 7
oA b2 wiAL XF WEF o5

wdol s Wl A

o

v

Fig. 6 Marker movement before and after tilt

Fig. 7 Coordinates conversion between before and

after tilt
Y5 ¥ W olxE aF8 QFAAY Alo]
o] A7l FT71E UErdt 2EA A= Ak
oS AT A & FHoRE 71t ol
Q3 @F A A AtoJol] o]Ao] WA AT
THS oSNNS W 85U FHoR HA|Y
el 855 AA&E FA KekA €k ¢A
b2rtA L] Y W ol 5o 7o u
g} 3ol Zhel A= stwel "HA Frhstel #A4
S gF3ste TS FAdomR FA A A
E ALt Aoz b2l xF Wk o]F et
b3<] y5F W o] W T A #HelA A
el
3. A Ao
3.1 AlEallold Zx3}
HE de S4¥ 857 6= 31.4°°H
Table 1> ©EA] 539 3|45 914 wt ©



ARG At S AS AA7E DEA A nA= I 171

)

Table 1 Result of the lumbar angle variation according 20
to the location of backrest pivot

x E
v -80 -40 0 40 80 120 Q 40
80 | 14.48 | 14.69 | 14.46 | 12.69 | 12.44 | 12.41 @
40 | 199 | 325 | 462 | 55 | 6.06 | 6.18 _E;g 0
0 | -428 | -254 | -1.11 | -0.06 | 0.43 | 0.34 g
-40 | -9.34 | -7.69 | -6.36 | -5.67 | -5.38 | -5.61 f -40
-80 |-14.37|-12.98|-11.95|-11.41| -11.5 |-11.94 g
-120 |-19.752|-18.47|-17.85| -17.7 |-17.91 | -18.59 % -80
-160 |-25.461|-24.61 |-24.276| -24.34 | -24.87 | -25.67 %
8—120
Table 2 Result of the slide distance of the back ;f
according to the location of backrest pivot
-160
| 80 | -40 0 40 80 | 120 -80 -0 0 40 80 120
y X coordinates of the backrest pivot

80 | 15.67 | 835 | 1.13 | -5.75 |-13.11 | -20.58
40 | 15.18 | 7.85 | 0.48 | -6.88 |-14.31|-21.71
0 | 1248 | 531 | -1.82 | -9.09 |-16.36 | -23.63 80

Fig. 8 Contour of the lumbar angle variation

40 | 9.08 | 2.12 | -4.82 |-11.91 |-19.03| -26.19 =
-80 | 5.18 | -1.56 | -8.37 |-15.32|-22.34|-29.41 3 40
120 | 0.57 | -5.77 |-12.53|-19.38 | -26.31 | -33.35 E
160 | -4.21 |-10.69 |-17.36 | -24.14 | -31.06 | -38.8 é 0
0
[ab]
2o AT Fig. 82 Table 1S Sz ¥ = -40
A%k ot aF7twe] wsge S 34 °
%ol YHE ghol ZA FFL wol vato] 71 £ -80
G55 aFgue] gage Hopd uwd 9% S
uu Fksh edlY eFswEsk FrbRth 1§
AU X5 @t Wste 8575 WEE 2 ;f
A e FA 2ee & 5 Ak
Table 2= S¥#°] 35 3ol web w11+ _160_30 -40 0 " 40 80 120
ZRES] o]AWMLE HoFET S FHdFHo] X coordinates of the backrest pivot
AR AAE = m1nd £RAES oA} Fig. 9 Contour of the slide distance of the back
-1.82mmoll E3}3le] w11gle] A vERRT Sh
ARE X5 #FErb SUkeka, YE #Auvh gad b3 WAL YR olg e Auts UEbdTh b2
= v WMsle owMEgen Erhdth wW vhAY XWFOIES MW A-ypedl 3§ HiF
of &% IHF XF Fuv A4S YHF I 239mm=A Ao s okgh mirgo] WAt glt).
Ee Z7le =, n9d QARG H3 ARd ey Boyped 27.5Immi shFoz w17 el
AAEH o] Wy o r Wale] 23 A el 2EA b3 vlAL YEF B ol
o dgom el WA, WS B Aypee] 49 -102mmE 9} 5
Fratol o] Aw] WE7} wmEA A= A
32 SEEM MY Zo} £ H3loy B-typed 4A-F 17.38mm= T Hoj

-
&
(4]
W
flo
o
[
>
o
N
d
=)
N
Lo
>
ok
o%
o
offt
N
i)
1o

At 5 aFsh 509 Ao] 1Ae] HWeld 2



172 48E - ¥

-4

N

Table 3 Result of the back slide distance and the
waist movement away from the backrest

Y-direction movement
of the b3 marker(mm)

B-type
21.8
8.7
2.3
19.8
9.2
36
41
11.6
6.0

17.38
(13.52)

X-direction movement
of the b2 marker(mm)

subject
A-type
4.1
0.2
3.1
3.8
-1.9
-4
9.5
0.7
6.0

2.39
(4.12)

B-type
-19.0
-394
-33.4
-24.3
-32.6
-24.6
-20.6
-21.7
-32.0

2751
(7.03)

A-type
0.7
13.7
-8.9
4.4
-8.6
-3.4
-1.9
-3.2

-2
-1.02
(6.90)

sub.1
sub.2
sub.3
sub.4
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sub.7
sub.8
sub.9

mean
(SD)
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Y coordinates of the backrest pivot
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Fig. 12 Conclusion of the optimal location of the
backrest pivot
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