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Effect of Differences in Wooden Floors on Human Physiology
and Psychology during Walking 1.

Surface electromyography of the lower limb during barefoot walking
and impression evaluation *!

Takeshi MORIKAWA *23 and Junji MATSUMURA *3

This study aimed to clarify the effects of differences in the wood subflooring and finishing on the
physiology and psychology of walking barefoot. We measured surface electromyography (EMG) at six
lower limb locations during walking on four different model floors, combining two types of flooring
base materials with different stiffness and two types of floor finishes with different surface properties.
We then conducted a psychological evaluation of the walking feelings. The 24-mm thick high-stiffness
plywood subflooring had a significantly lower integrated EMG for the biceps femoris muscle while
walking than the low-stiffness joist and 15-mm thick plywood subflooring, indicating less stress on the
feet. Surface consolidated Japanese cedar, sugi (Cryptomeria japonica) wood finishing with the rough
surface tended to have a lower surface integrated EMG during walking than ceramic-coated Japanese
cypress, hinoki (Chamaecyparis obtusa) wood finishing with a smooth surface. Smooth finishing
materials were rated as easier to walk on in the impression evaluation, which was contrasted with the
surface EMG results. EMG is considered to be better suited for predicting the accumulation of fatigue
due to prolonged walking, which is difficult to recognize after a short period of walking.

Keywords :  electromyogram, barefoot walking, floor finishing, subfloor, consolidated surface.
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Fig. 1. Floor finishing materials.
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Fig.2 Subfloor structures in model floors for walking experiment.
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Fig. 3. Model floors for walking experiment.
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Table 1. Material properties of floor finish specimens.
Roughness (um) Brinell Densit Deflection
. " y
Specimens Parallel  Perpendicular hardneszs (kg/m®) amount
to grain to grain (N/mm?) (mm)
Surface consolidated 1.33 387 112 510 1.38
Japanese cedar ’ : ’ :

Ceramic - coated 065 070 113 529 080

Japanese cypress

Notes : Japanese cedar: Cryptmeria japonica, Japanese cypress: Chamaecyparis oblusa.
Deflection amoun t indicates the difference in deflection when a 3 kg weight and a

7 kg weight are placed.
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Table 2. Coefficients of static friction of floor finishing specimens.

Coefficient of static friction

Speci Dry Wet
pecimens
Parallel Perpendicular Parallel Perpendicular
to grain to grain to grain to grain
Surface consolidated 0593 0598 0695 0639
Japanese cedar
Ceramic - coated 0592 0597 0.848 0.852

Japanese cypress

Notes: The static coefficients of friction were measured between each material and
the sheepskin, assuming human skin. Dry and wet indicate the condition of
the sheepskin.

Table 3. Physical properties of model floors.

Floor finishing Deflection Coefficient of

Subfloor

material amount (mm) restitution
Surface consolidated
Joist and 15-mm thick Japanese cedar 107 465
plywood subflooring Ceramic - coated 107 463
Japanese cypress
Surface consolidated
. 0.65 587
24-mm thick plywood Japanese cedar
subflooring Ceramic - coated 061 588
Japanese cypress
Concrete subfloor Vinyl finishing - 6.29

Notes: Deflection amount indicates the difference in deflection when a 15 kg weight

and a 35 kg weight are placed. The coefficient of repulsion indicates the
square root of the height at which a softball was dropped from a height of 1 m

and bounced back.
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Fig. 4. Electrode attachment position of surface
electromyography.
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Fig. 5. Derivation of integrated electromyogram.
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Fig. 6. Distances of walking on the model floors.

Notes: # =17. Error bars show standard deviations.
Two- factor repeated measure analysis of
variance was conducted on two factors, floor
subflooring and floor finish materials. The main
effects of both factors were not significant. The
interaction effect was not significant. These
show that there is no significant difference in
walking distance between any of the model
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Fig. 7. Surface electromyography at the six positions of the lower limbs during walking.

Notes: Plots and error bars show means and standard deviations for seventeen subjects. The vertical axis
represents the ratio of the integrated surface electromyogram for each model floor to the integrated surface
electromyogram for the vinyl floor over the concrete subfloor as a control.
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AF - B LM ORI B R 2 R L7,
—N, EFMOFHETTRIETS L, AF - B
HEFHBLIO ) F - &5 3y 74 EiFHOWT
BT LR AR T A AR + 54T #b &

DB o7, S5IC, EWEIRKT A OGS =
WidwWFhoft B cd 1 2 TH-TEBY, i
THHAY7)—F+E=Z—VRL D DREAIZ
Hole F72, Table3ITR$ &I, hlE s
BT OAEARTIE, THM OZERIZB VTS %K
TEREDRD BNz AL LT OEKIIBWTIX
10% KETHEMINCH > 720 KEMERIZRD SR
Bho7z,

KIRER (Rectus femoris muscle, Fig. 7d) 235
W, JEWARCT A, BOK + ST L O
BV TH, AF - [EF LM 0T 2 i
Byt & 7R L7278, A LM O T Toltig T,
AF¥ - EELAEFHMBIOL S F - T Iy 2L
FHOVFTIIZBWTHEY AR T M 2BK + &
WTFHA & D b EHGEI R 2R L7z, ookl
SEGHTIC BT, THd % 5 Ik EFH ow
FTHOEKIIBNTH BRI R, KAEMFEHLR
DHLNLroT2,

KB (Gluteus maximus muscle, Fig. 7e) 128
W, THMERTToORKICBYTIZVuTNY
AF - JEEA LM ol MR iR R 2 TR L7

Table 4. Results of two- factor repeated measure analysis of variance in subflooring wood and finishing wood.

Electrode attachment position Factor F value P value Effect size
Subflooring 0.14 0.71 0.09
Gastrocnemius muscle Finishing 3.66 0.07* 0.48
Subflooring X Finishing 1.73 0.21 0.33
Subflooring 2.29 0.15 0.38
Tibialis anterior muscle Finishing 2.96 0.11 0.43
Subflooring X Finishing 2.50 0.13 0.40
Subflooring 457 0.05* 053
Biceps femoris muscle Finishing 3.06 0.10" 0.44
Subflooring X Finishing 0.30 0.59 0.14
Subflooring 1.83 0.20 0.34
Rectus femoris muscle Finishing 052 0.48 0.18
Subflooring X Finishing 0.00 1.00 0.00
Subflooring 0.95 0.34 0.24
Gluteus maximus muscle Finishing 0.39 0.54 0.16
Subflooring X Finishing 124 0.28 0.28
Subflooring 041 0.53 0.16
Tensor fascia femoris muscle Finishing 1.18 0.29 0.27
Subflooring X Finishing 1.26 0.28 0.28

Note: 7 =17, *: p<0.05, +: p <0.10.
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KB IERERS (Tensor fascia femoris muscle, Fig.
7f) TlX, BK+ AW THFICBOTIZAFT - £%
HEEFHARe 2 F - €5 3y 74 BT L) IR
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I b EOHET R Z R L7, W U T o400
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ZH R LD DBCIHEEELE R L0, K
FEERCIIE L 72386 o i CREEFG IR 7217 T o
720 ZICECESBOICB W TIE, ERHEL SIS
RHAEM E DI NG h o T2
3.3 SDEICK AEIREHM

BATIROEHIZIZ T 25l OfE RICOWT, 1
FHIZ BT % i % Table5 12779, Wilcoxon @
oA AR e OfE S, HIEIE, &% & 0N
WA B U 22 SF R I B W T 1% KETHET
HY, e F LTIy IMELEFHOED HWHH
T “BoTWna" LM E N, 512, "“BELT:

—AREER", HRERT RV BXO U
E—EV ICBWTH 5% KETHETH 72, W
FTNOML LM B IEDEZRLTEBY, “ZE",
TV, WET LI /zboo, v F -
v T 3y 7 EIFM OB AE R & 7o 72,

THIM BT B BRATIEDO LK% Table 6 12783
Wilcoxon D5 o AN MG OGS, THIM Tlx W
Lhe—Hw, RELI—ARALER" IZBWTS
BRETHETH Y, EWERTHMOHH o
T RET LTwhEFHIi s, T, v
NOTHMD “BELE", “HERLTWV, &7
LRHIl S 7z,

HERT SR EIC SR EUF E B IROFEM
R ABE > TW2Z s, BIZNIGEZ TR
BIRICDO VTGS L2 R % Fig. 8 1TRT . MiH D
HIZiE, AELIEOMBE (p<001) 253D 5z,
SHOEMERLE, 7ay " -3h5+3FT
OEHTHB720EL ) D% L ERIIEN>TnD
LR Z B2, WRERTV AT T LR
MBI N/AZEERTHE2L2RBE BEITW 28
R LM SN EERTE 4SRRI IO Y
FNENTZDIEF6ED ) B ADOATH Y, 1FEAL
DOPERHD B ERTV EFLA-b D% W&,

Table 5. Comparison of impression ratings of walking feeling between the
two floor finishes by Wilcoxon signed-rank test.

Surface consolidated

Ceramic-coated

Sensory terms P value
Japanese cedar Japanese cypress
Smooth - Rough 0.00 1.62 0.00 **
Dry - Wet 091 0.29 0.02 **
Soft - Hard -0.18 -0.26 0.90
Stable - Unstable 0.15 1.15 0.01*
Easy to walk *
- Difficult to walk 035 L1z 001
Like - Dislike 0.38 0.85 0.03 *

Note: 7=34, **: p <001, *: p <0.05.

Table 6. Comparison of impression ratings of walking feeling between the
two subfloors by Wilcoxon signed-rank test.

Joist and 15-mm

24-mm thick

Sensory terms plywood subflooring plywood subflooring P value
Smooth - Rough 053 1.09 0.02*
Dry - Wet 0.56 0.65 0.70
Soft - Hard -0.29 -0.15 0.40
Stable - Unstable 0.38 091 0.02 *
E walk
o on 076 070
Like - Dislike 053 0.71 043

Note: 7 =34, *: p <0.05.
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Easy _
to walk | 7= 68 )
T 7r=0.72 **
-

]
| . '
Difficult | *
to walk

Dislike <+— — Like

Fig.8. Relationship between impression of ‘like -
dislike” and impression of “easy to walk -
difficult to walk” .

Legend: A : Surface consolidated Japanese cedar —

24 mm plywood, X : Surface consolidated
Japanese cedar - joist and 15 mm plywood,
[]: Ceramic-coated Japanese cypress - 24
mm plywood, @ : Ceramic-coated Japanese
cypress - joist and 15 mm plywood.

Notes: n =17, *": p<001. A linear regression was

performed between the scores of the two
impressions, r: correlation coefficient.
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