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ABSTRACT

Objective: The purpose of this study was to evaluate of various material of pillows by using biomechanical variables
such as the cervical stability, head pressure distribution, and muscle activity. Method: Eight subjects participated in the
experiment. Three different materials such as polyester sponge, memory foam and the buckwheat shell used for Korean
traditional pillow were tested. Electro-goniometer, six channels of electromyography(EMG), ten channels of the head pressure
sensors were used to measure the biomechanical responses. Surface electrodes were attached to the right/left semispinals
capitis(RSC, LSC), the right/left sternocleidomastoid(RSM, LSM), the right/left upper trapezius(RUT, LUT). The cervical
stability was evaluated by the angle deviated from the standing neck position. The head pressure distribution was evaluated
by the pressure per unit area recorded on the sensors and the intensity of peak pressure. Electromyography(EMG) data were
analyzed by using root mean square(RMS) and mean power frequency(MPF). Results: The buckwheat shell material showed
a higher stability in the cervical spine then the other pillows during spine position. In terms of head pressure distribution, the
memory form indicated the lowest pressure at supine position, buckwheat shell material indicated the lowest pressure
during lying down to side, and polyester cushion recorded the highest pressure at all postures. Conclusion: The buckwheat
shell material has a biomechanical advantage to maintain a healthy neck angle and reduce the pressure on the head, which
means the buckwheat shell is a potential material for ergonomic pillow design. The pillow with memory form showed second
best biomechanical performance in this study. Application: The shape of the buckwheat shell pillow and the characteristics
of materials can be used to design the pillow preventing neck pain and cervical disk problems.
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Table 1. Anthropometry of participants

Mean S.D.
Age(year) 26.5 1.1
Statue(cm) 178.1 4.2
Weight(kg) 69.6 6.8

2.2 Experimental condition

2 ATl = WA TR WiAE Wl 2 A7
5ol o' JIFE vA=A A8 A8t 220 3% 2
within—subject designe A&3Act SHHATZE= w7l
o] FFH@BFFE ZgdaEHZE FA g, WEeE =,

]Ua] H7l) (Table 2) 2} AA (27F: BER 2 2|, Qo=



Vol. 30, No. 2. 2011. 4.30

Biomechanical Evaluation of the Neck and Shoulder When Using Pillows with Various Inner Materials 341

1:1

T AADE AT AFe] gAA] v (cerv1ca1
curvature) & FA817] 915t GEH

el ALt AR F X
67149 A& wHgete] Aregitt FE5HTEE 7 2
A 259 g s 9t & LE(EMG) k=
°] RMS (root mean square) #t& ARESISL, 459 9=
5 #4317 fgte] 2R A% MPF(mean power
frequency) @<= ARESFITE

2.3 Experimental procedure

A7 Aol A sHAbeE S A st AR EH T -+
SAtES ARSIt APS AlFEE] dell ARl dist
7184 Q1 AES AAISHH AE & &5 AA Wl S
ozt 7R (ATER, AANEA, Herd, 5RO S
o} A8 H 6 channels?;l A= (surface electrode)
& R Aol B ARA @ el o g
A FALE Ao Figure 1).

Abd A gl A FH)
Ae 245 2908 47
B7E 27 723 24
FAFE, AR, HEST, 297
« A3 E 28] FAAZ (surface electrode) F3
S
EAA 54 ALEE 3 ZAE A

-vhE A AN
el 13 3 29

« 232 Zo]7] Y A « APAZA 1027

o 44 73 ¥ 33

-107) AR A 573 © 20% SEAA §7

F10x % 24=

Figure 1. Experimental procedure
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Table 2. Pillows used for experiment

Polyester sponge | Memory form | Buckwheat shell
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Figure 3. The locations of head pressure sensors
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(Lee at al., 2006).
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3. Results
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Table 3. The amount of neck angle deviation with various pillows
(unit: degree)

Pillow material | Polyester | Memory | Buckwheat
Posture sponge form shell
Supine position® 21.143 16.714 17.857
Lying down to side® -5.715 -8.286 0.143

Negative value: flexion posture

Positive value : extension posture

a. Supine posture(tragion-shoulder tip point)
b. Lying down to side(inion-back neck point)
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Figure 5. Distribution of head pressure in different pillows
(supine posture)
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Table 4. ANOVA result of head pressure affected by
posture and pillow material

Source df SS MS Fvalue | Pr>F
Pressure location | g | 3549938 | 360,006 | 4212 | 0.027"
(sensor location)

Posture 1 95.602 | 95.602 | 0.812 |0.394
Pillow material 2 1.069 0.534 | 0.014 | 0.986
Pressure location .
(sensor location) 9 | 807.064 | 89.674 | 6.866 | 0.001

X Posture

Pressure location><

Pillow material 18 | 159.482 8.860 | 0.678 | 0.791

Posture
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“p<0.05, "p<0.1

2 82307 | 41.153 | 3.151 |0.067

3.3 Muscle activity
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Table 5. ANOVA result of muscle activity affected by posture,
pillow material and muscle selection

Source df SS MS F Pr>F
Posture 1] 0022 | 0023 | 387 | 0.097°
Pillow 2| 0.002 | 0001 | 092 | 0426

Muscle 510001 | 0.001 | 3.56 | 0.012"
Posture><Pillow 2| 0.002 | 0001 | 1.04 | 0383

PostureXMuscle 5] 0001 | 0001 | 2.36 | 0.065
Pillow<Muscle 10 | 0.001 | 0.001 | 2.44 | 0.016™
Posture>Pillow>Muscle | 10 | 0.001 | 0.001 | 1.90 | 0.062"

"p<0.1, "p<0.05
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Figure 9. Distribution of MPF shift ratio in different pillows
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Figure 10. Distribution of MPF shift ratio in different pillows
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Table 6. ANOVA result of MPF affected by posture and pillow

Source df SS MS F Pr>F
Posture 1 | 0015 | 0015 | 2.37 | 0.3666
Pillow 2 | 0008 | 0.004 | 2.11 | 0.3214
Posture><Pillow 2 | 0.006 | 0.003 | 5.02 | 0.1662

4. Discussion
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