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

Surface electromyography of the lower limb
and plantar pressure distribution during walking with socks on*!

Takeshi MORIKAWA *2

The purpose of this study was to clarify the effect of differences in wooden floor materials on
walking with socks on. We conducted a walking experiment in four different model floors combining
two types of floor finishing materials and two types of subflooring materials and a control floor (vinyl
floor over the concrete subfloor) using surface electromyography of the lower limb and plantar
pressure distribution as physiological indicators. It was found that the surface consolidated Japanese
cedar, sugi (Cryptomeria japonica) wood finishing, which is uneven and non-slip, has smaller ratio of
integrated electromyography (ratio of the integrated surface electromyogram for each model floor to
the integrated surface electromyogram for the control) than the ceramic-coated Japanese cypress,
hinoki (Chamaecyparis obtusa) wood finishing, which is smooth and slippery, and reduces the burden
on the lower limbs during walking. The difference between the finished materials under the low-
stiffness joist and 15-mm-thick plywood subflooring condition was smaller than under the high-stiffness
24-mm-thick plywood subflooring condition, indicating that the stiffness of the subflooring material has
a secondary effect on the ratio of integrated electromyography. In the plantar pressure distribution,
the ratio of entire plantar load to control was significantly higher for the surface consolidated Japanese
cedar wood finishing under the joists and 15-mm-thick plywood subflooring condition, indicating that
the low rigidity subflooring material makes the uneven surface consolidated Japanese cedar floor finish
material more difficult to walk on.

Keywords :  electromyogram, walking with socks, floor finishing, subfloor, consolidated surface.
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(LLF, CSR) oA g 3 ikErkk % p s
L, BWZEE N CTOREITRIC B 5 EREFHN & 0
Wl x pulh& LT, SRIRCREE 2 & ORI
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Table 1.

bDTH b, f EIFHORE R &EMA% S T
UM EHET L OBITIIE L iR (R—%
TOVEEERF TYPE : 94i11, #HHkt: (¥k)) % Table
1ITRT,

THIA1Z, 910 mm x 1820 mm X 24 mm @ &} 3% 4
RSB (DLF, EWAEN T ) 72 5 ONCiE)
112455 mm [HFET50 mm A DO K% i&iE L7z Bl
910 mm X 1820 mm X 15 mm O $} ZE s & H &K %
Eo7zbo (LU, BK+ &) < wih
S FHIM O S H TR L CREELIZ910 mm BFE T
72105 mm X 105 mm X 910 mm @ IF A o L1
SICRHIE L 72

2HHO T %2 FNEN4AKRT ORI FHINICE
FRE7280mm O b D E{EK L, €O Lr6ETF
WA 2HHOH ETR E 7 o= v 7 T —
TENGITIRD Z ETAMHOETVIRE L72o Hi
Y TR L LS IT, JAS 10737 ICHE SR Tw
ZHERIBHLTHETVIRD 5 AFTIZHWTL00
mm X 140 mm DK D FiZZhFn15ke £35kg
DEEE NPT ROEDP RO DA, EY
B THMICAF - [JEFLE LM E2E->72H DT
065mm, /¥ -ttI73Iv 7t EFMEESTD
D T0.61 mm, BRK+EHFHIMIZAF - LB L
M EES72HOTLO7Tmm, e/ F-k2I3Iv 7
HETFMEZESZDHOTLOTmm THY, FHA
TEVBDDDOO, L LFHECTIEEIEY, F72,
TSR OFFHELTY 7 PE—V (HARY 7 b
R VIBARAR 178k 140g) %100 cm D& S 2
lobAhmifllE L F UAMEICHEE LT LSS
(cm) OFHBUZ, EWER T HA A F - E#:
LM ERS72DBDOTER7, e/ F - k53 v sk
LM ER - 72D D T588, MK+ G T HIAIZ A
X FELEETHER S DT465, L)X -k

Surface finish conditions of floor finishing materials and coefficients of static friction

between floor finishing specimens and sock fabrics.

Specimens

Surface finish conditions

Coefficient of static friction between floor
finishing specimens and sock fabrics

Perpendicular to

Parallel to grain

grain
Surface consolidated Consohdoated by hot press 0347 0411
Japanese cedar at 200 ° C and 4.0 MPa.
Three coats of 100 mL of
. L . 2
Ceramic-coated liquid glass paint per m 0317 0318

were applied and finished
with #800 sandpaper.

Japanese cypress

Note : The static coefficients of friction were measured between each specimen and the same fabric
as the socks used in the walking experiment.
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JFEF3HI5E 7 4 )V 2 2IE 1515 0 G HIC & 2 REEOE

Fig. 1. Attachment of pressure measurement film and
foot cover.
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Fig. 2. Plantar pressure images.

Notes: The image on the left shows a pressure
measurement film scanned and shaded by
pressure using analysis software. The image on
the right shows the left image with the area
below 4.0 MPa removed. The “+” mark indicates
the center point of the loaded area in each image.
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Hotzo

32 TEZEHERX
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Table 2 (2R T Hubr & RAE EIFM 0 2 ZRIZBIT 2
XIS O & B ZIJCECE AT OFE R %2 R T WENER
(a: Gastrocnemius muscle) 72137 — & O#FEH A
KEwizw, #tizhof L )L ATr—IVTRL
TWwh,

8000
B 24-mm-thick plyw wood
=
g [ Joist and 15-mm-thick plywood
o 7000
S
: [ |
G
o
g c000f \ J
g
g
LT T T T
Surface consolidated Ceramic — coated
Japanese cedar Japanese cypress

Fig. 3. Distances of walking on the model floors with
socks on.

Note: n=17. Error bars show standard deviations.
Two-way repeated measures analysis of variance
was conducted on two factors, subflooring
materials and floor finishing 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
floors.
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Fig. 4. Surface electromyography at the six positions of the lower limbs during walking with socks on.

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. Only the graph for the
gastrocnemius muscle had too large values, so the vertical axis was scaled differently from the other muscles.

Table 2. Results of two-way repeated measures analysis of variance in subflooring wood and
finishing wood for surface electromyography measured in the walking experiment with

socks on.

Electrode attachment

. Factor F value P value Effect size
position

Subflooring 0.85 0.369 0.231
Gastrocnemius muscle Finishing 11.64 0.004** 0.853
Subflooring X Finishing 1.07 0.317 0.258
Subflooring 0.08 0.788 0.069
Tibialis anterior muscle Finishing 8.74 0.009** 0.739
Subflooring X Finishing 34.90 0.000** 1477
Subflooring 0.69 0418 0.208
Biceps femoris muscle Finishing 2343 0.000** 1.210
Subflooring X Finishing 0.13 0.721 0.091
Subflooring 0.00 0.986 0.005
Rectus femoris muscle Finishing 3.04 0.101 0.436
Subflooring X Finishing 403 0062 T 0502
Subflooring 4.06 0.061 T 0.504
Gluteus maximus muscle Finishing 6.84 0.019* 0.654
Subflooring X Finishing 3.80 0.069 T 0.488
Tensor fascia femoris Su.bf.loo.ring 0.13 0.726 0.089
muscle Finishing 9.89 0.006** 0.786
Subflooring X Finishing 274 0.117 0414

Note: n=17, **: p <001, *: p <005, T: p <0.10.



2023410 7]

R ARERICBT 2 TEE TORITAER - LI IATTIE 161
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RIS EZRL, 7970 ETERE RS
720 2BHIZBIT BHIED B B ICELE AT O
WRTE, LM OBERICBWTHEREEZRL
7275, 20K M TREAN A 1% KHETHD S
niztz, HALEFEOME % 17> 720 Table 312
AT LI, AF - B LM OEHTICBENT
X, 2200 TFTHMOBIZ 1% KETHEEI DD S
M, BUK+ BT b 2SBS0 b X D b B
o572 Fl2, v F k5 Iy 2 EITFTHOSMT
BV T 1% KETHEAEDIRD N, EYEH

THA AR + AT HA & 0 A RIS Do 72,
JEH)E BT 1A O ZF T2 Tid 1% KHETHE
EREOON, /X LTIy 7 RS AY
JE#A EFHM X ) S AERICE P 720 MK+ AT
WH O TIZBLTIE, AEEEIRD LN
72

KIBEHAR (c: Biceps femoris muscle) 2B
TE, EYAERT A, BK+ AT Owh
IZBWTYH, AF - JER LT O AR 715 E)
BHER L. 2ERICBIT IS0 H 5 IChlE
G OFERTE, L ETHOERIZBWT 1%
RETEREIRD SNz ZHAMIEED STk
o7z

KBRS (d: Rectus femoris muscle) (2B W T
X, EUMEH T i 2 F - £ 7 Iy 24 R
MOHE TG RLOME R Lz—T, WA+
HEMTHMIZBNTIE, AF - EH LMo
BT WEER R L, AISE T & MRS 7T 708
RET AL o720 2BERIIBITIRIEDOH B
TCECE DB BT, Tk S o kg
MOVTNOERIZBWTH ERRITED N D
o 7275, MERBIZBWTI0%KETEE/ER O
B ATA SN 720 A LR R OME 217 7255 R,
Table 4 |77 & 9 WZEW AR T M O 54 TI2B

Table 3. Results of simple main effect test at tibialis anterior muscle.

Factor F value P value Effect size
Surface conssiﬁngertlinjg agznese cedar 1205 0003 0868
Ceramic»c?)z?efclioﬁzglagnzge cypress 1283 00027 0900
Finishing at 088 0361 0235

Joist and 15-mm-thick plywood

Note: =17, **: p < 0.01.

Table 4. Results of simple main effect test at rectus femoris muscle.

Factor F value P value Effect size
Surface consszﬁnger(linjga;nese cedar 182 0.197 0.337
Ceramic»c?)z?ef:ioﬁzglagnzge cypress 165 0217 0.322
) 4_m§$§c“;i l?ztwoo . 741 0015+ 0681
Finishing at 018 0677 0106

Joist and 15-mm-thick plywood

Note: =17, *: p < 0.05.
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Table 5. Results of simple main effect test at gluteus maximus muscle.

Factor F value P value Effect size
Surface consszﬁnger(linjga;nese cedar 923 0.008** 0.759
Ceramic»c?)z?ef:ioﬁzglagnzge cypress 048 0499 0.173
) 4_m§$§c“;i l?ztwoo . 768 0014* 0693
Finishing at 058 0457 0191

Joist and 15-mm-thick plywood

Note: =17, **: p < 0.01, *: p < 0.05.

Table 6. Rate of load on the anterior side and left side of the plantar measured in the

walking experiment with socks on.

Rate of load on Rate of load on

Subfloor Floor finishing material the anterior side (%) the inner side (%)
. Surface consolidated
24-mm-thick Japanese cedar 559 oL
plywood .
subflooring Ceramic-coated 560 511
Japanese cypress
. Surface consolidated
J 01s.t and 15-mm Japanese cedar 56.0 509
-thick plywood .
subflooring Ceramic-coated 561 511

Japanese cypress

Note: #=10. Two-way repeated measures analysis of variance was conducted on two
factors, subflooring materials and floor finishing materials. The main effects of both
factors were not significant. The interaction effect was not significant.
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Ceramic — coated
Japanese cypress

Surface consolidated
Japanese cedar

—@— 24-mm-thick plywood subflooring
--9-- Joist and 15-mm-thick plywood subflooring

Fig.5. Load ratio of the entire plantar at each model
floor measured by pressure measurement film
during walking with socks on.

Notes: Plots and error bars show means and standard
deviations for ten subjects. The vertical axis
represents the ratio of load at each model floor
to the load at the vinyl floor over the concrete
subfloor as a control.

HWTRHHAEHRD Sz, S D720 HAMER MR
EEATo 7245 R, Table 8 1Z/RT & 5 ITH A+ EMH
THA ST IZB W T 5% KRETHEEDRD S
n, AF¥ - EFELLOMPe  F - I3y 74k
M LD b Eh 72,

4. % &

4.1 HITIERE & TREEmHER DBF

2 BRI BT D36 D B 5 oL 5 50T O
BIZBWT, ERRLZSPICKREEHE D d o7z
ZEDS, WTROEFIVIRICBWT & RATHREC
FEDENZ EAVRE N, WYV TH M X 1S,
TR 5 TR O FE HA oW TR AT IEEE & D BIFR
POERLZTNELR SRS, MITTREEXICX 545
TIZB VT D HIE TORATR & FIRRICE T VIR
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5, AREEIZB VT TR X O R A 1L E
DA e & e o720 —FT, 6 NDOBEHE DRI
R TOFEBRERLL L0, FIRTOHRITE -~
HTFEE TIEWTNOEFIVIRIZB W T D AT
4L o 7ze BIHRY CTHUGE L 722 E T VIR O BHEER
R, o2 NDREEEME L THWEN %
HEOMT, AF - JEEAL LM OMHE T LT
J5 1 T0.695, T M T0639, B/ F - £53Iv
7 AL BT o #HEEAT 1 T0.848, ME IS B

Table 7. Results of two-way repeated measures analysis of variance
in subflooring materials and finishing materials for load ratio
of the entire plantar measured in the walking experiment

with socks on.

Factor F value P value Effect size
Subflooring 0.404 0.077
Finishing 0.112 0.247
Subflooring X Finishing 0.002* 0.662

Note: n=10, *: p < 0.05.

Table 8. Results of simple main effect test for the load ratio of the entire plantar.

Factor F value P value Effect size
Surface consszﬁngertllnjgag;nese cedar 240 0.154 0516
Ceramic»c?)z?ef:ioﬁzglagnzge cypress 001 0933 0025
Finishing at 931 0014* 1017

Joist and 15-mm-thick plywood

Note: =10, *: p < 0.05.
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