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Biomechanical Comparison of the Effects of Two Ergonomic
Chairs on the Spine and Pelvic Postures: Conical Pendulum Stool
Versus Semi-Rigid Flexible Backrest Chair

Woojin Choi' - Moonjun Sohn™’

'Allbareun Neurosurgery, Incheon
2Neurosurgery Department

*Neuroscience & Radiosurgery Hybrid Research Center, Inje University [Isan Paik Hospital, College of Medicine, Goyang

The most common health problem caused by long-term sitting lifestyle and degenerative changes due to aging was
changes in spinal pelvic posture. Sitting posture was a more complex phenomenon because it follows a change in
posture. The most common working environment occurs in working with your body tilted back from a chair with a
backrest. While sitting down and working, the movement of the seat plate was restricted which result in stiff lumbar
spine and pelvic muscles to become stiff that eventually causes fatigue, pain and pathological posture changes. The
aim of this study was to analyze the biomechanical changes and effects by evaluating and measuring the changes in
spino-pelvic posture including muscle tension in sitting posture according to the type of seat used. Two different type
of ergonomic seats, such as conical pendulum stool (CPS) and semirigid flexible backrest chair (SFBC), were used
in a total of 17 participants. Among two types of sitting, seat-buttock contact pressure and radiographic changes of
coronal trunk imbalance distance (Gravitiy line/Hip axis distance), pelvic and shoulder height differences on the seats
were measured and statistically analyzed using partied t-test. The seat-buttock contact pressure reduced from 51.13
+32.77 Q and 59.13 + 39.62 Q2 on initial seated to 38.57 +25.61 Q2 and 49.37 £29.22 Q on 1hr seated on CPS and
SEBC, respectively (p=0.486, p=0.332). Radiographically, changes in pelvic height differed statistically significantly
between two sitting types of CPS versus SFBC (average of 2.12 + 2.61 mm versus 4.29 + 4.04 mm, respectively with
one hour seating, p=0.008). Improvement in shoulder height difference was statistically significant (average of 8.27
+6.28 mm to 5.37 + 6.06 mm using CPS from initial to one hour sitting, p=0.038). CPS seating showed better
biomechanical effect in reducing the imbalance between pelvic height and shoulder height through the stimulating
dynamic control of spinal stability and equilibrium by activation of the upper and lower back core muscles than static
ergonomic seat.
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Figure 1. Two Ergonomic Chairs; (a) Semirigid flexible backrest chair (SFBC, Curble®)) (b) Conical pendulum stool (CPS, Tulip®),
Astrix(*) : simple X-ray machine (c) Radiographic parameters measuring body axis balance. AB: shoulder height diffference,

CD: pelvic height difference, EF; gravity line/hip axis distance, GH; Anterior superior iliac spine difference, LM; Transverse

diameter of pelvic inlet
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Table 1. Demographic Characteristics

9] Aol

W SRl Al A5 gigte W 20 w0l
9 o] 3.4143.58mmE Y3 WA 2E o2}l 9ghe v

Age Height Weight Sitting time Width of both ASIS Pelvic inlet
(year-old) (cm) (kg) (hour) (mm) (mm)
35.06+8.9 173.3+6.4 75.9+12.1 6.8£3.2 316.6+19.64 140.8+10.74

*ASIS (Anterior superior iliac spine).
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Table 2. Comparison of Contact Pressure Sensing Data between Two Ergonomic Chairs

Semi-rigid flexible brackrest chair Conical pendulum stool
Initial sitting 1 hour sitting Initial sitting 1 hour sitting
Contact pressure difference on buttocks
P 59.13+£39.62 49.374+29.22 51.13£32.77 38.57£25.61
(S, Mean + SD)
p-va]ue p = 0.362 p = 0.322
(paired t-test) p = 0.991

° 150-

=) 50.13 + 30.62

%g 100: —|_ 49.37+29.22

§§ p=0.362

gc 150+

‘E% 50 g .g,

g2 T 2E

© ! E 4 38.68+35.45
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E% 51.13%32.77 gg N

%gwu 38.57+25.61 ‘g é

£z p=0322 | =

£ 83 r |

gg 50 0 T T

5= T T SFBC cPS

T ' Type of ergonomic chairs
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seating in CPS

[

Figure 2. Comparison of contact pressure differences on both buttocks at initial and 1 hour sitting (A) in Semirigid flexible backrest chair

(SFBC) and (B) in Conical pendulum stool (CPS) and (C) contact pressure changes in two type of ergonomic chairs between initial

and 1 hour sitting

Table 3. Compression of Pelvic Height Differences (mm) Sitting in Two Ergonomic Chairs.

Semi-rigid flexible brackrest chair Conical pendulum stool
Initial sitting 1 hour sitting Initial sitting 1 hour sitting
Pelvic height difference on both side
£ 3.41+3.58 4.29+4.04 4.12+3.92 2.12+2.61
(mm, Mean + SD)
p-value p = 0.236 p = 00284
(paired t-test) p = 0.1789
E 429 +4.04
% 3.41+3.58
g p=0236
£ 10+
E 5 Q
2 o
3 % 8 2.02+2.26 3.18+2.29
Initial 1hr sitting g

A seating in SFBC 2T 61
15- 2412 +3.92 g’ x p=0.179
3 ] % 44
g 5L
£ 10 L
5 212 +261 S 2
5 p=0.028* [3
E 5 0 T !
K SFBC CPS

Iniltial 1hr slitting Type of ergonomic chairs
B seating in CPS c

Figure 3. Comparison of Pelvic Height Differences on Both Side At Initial and 1 Hour Sitting (A) in Semirigid flexible backrest chair (SFBC)
and (B) in Conical pendulum stool (CPS) and (C) the changes in two type of ergonomic chairs between initial and 1 hour sitting
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Table 4. Compression of GL/HA Distance(mm) Sitting in Two Ergonomic Chairs

Semi-rigid flexible brackrest chair

Conical pendulum stool

Initial sitting

1 hour sitting

Initial sitting

1 hour sitting

GL/HA distance

8.01£10.01 11.40+11.17 10.48+13.06 8.68+8.33
(mm, Mean £ SD)
p-value p =021 p =036
(paired t-test) p = 0.11

50:
s 8.01+10.01 11.40+11.17
g —‘7
k] 30:
b

p=0.209
% 20 250
O e 5.56+5.75
cE
T T ‘E E 209 9.19+6.01
Initial 1hr sititng T < T
A seating in SFBC < E 154 s
< p=0.

71 10.48+13.06 ) %

“ ‘s £ 104
8 8.68+8.33 ]
F o 55
s p=0.363 Se 5
£ p % |
3, ©3 | !

T T SFBC CPS
B Inma]seaﬁ,.g in cps"‘r siting c Type of ergonomic chairs

Figure 4. Comparison of GL/HA Distance at Initial and 1 Hour Sitting (A) in Semirigid flexible backrest chair (SFBC) and (B) in Conical
pendulum stool (CPS) and (C) the changes of GL/HA distance in two type of ergonomic chairs between initial and 1 hour sitting

Table 5. Compression of Shoulder Height Difference(mm) Sitting in Two Ergonomic Chairs

Semi-rigid flexible brackrest chair

Conical pendulum stool

Initial sitting 1 hour sitting Initial sitting 1 hour sitting
Shoulder height difference on both side 8.7247.03 6.3845.2 8.2746.28 53746.06
(mm, Mean £ SD)
p-value p = 0.085 p = 0038

(paired t-test)

p = 0.8725
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p=0.873

Shoulder height difference
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seating in CPS
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Figure 5. Comparison of Shoulder Height Difference at Initial and 1 Hour Sitting (A) in Semirigid flexible backrest chair (SFBC) and (B)

in Conical pendulum stool (CPS) and (C) the changes of shoulder height differences in two type of ergonomic chairs between initial

and 1 hour sitting
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