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Fig. 1. Experimental procedure. [Rest]: seated on chair for 5 min; [Men]: men-

tal load (Stroop’s color word test) alone while seated on chair for 1 min;
[Phy]: physical load (horizontally holding arms straight out to sides)
alone in upright position for 1 min; [Phy + Men]: physical load and men-
tal load together in upright position for 1 min.
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Table 1. Descriptive statistics for finger temperature, vibra-
tory sensation, tapping and muscle power (n=20)

Measured index Mean (min-max)

Finger temperature ('C)

(Middle finger) Right 29 (21-34)
Left 30 (21-35)

Vibratory sensation (dB)
(Middle finger) Right —4.6 (-<10-5)

Left -4.3 (-10-2.5)
Tapping test (times per 30 s)
(Middle finger) Right 129 (65-156)
Left 123 (93-148)
Pinching power (kg)

(Index finger) Right 27(1.2-4.2)
Left 2.6 (0.8-3.8)
(Middle finger) Right 2.7 (1.2-45)
Left 25(0.8-4.4)

Gripping power (kg)
Right 27.1(20.1-32.5)
Left 25.0 (18.9-29.6)
Power of shoulders and arms (kg)*

Compression power 184 (10-25.5)
Expansion power 17.3 (10.5-26.9)
Back strength (kg) 66 (38-88)

*Power of compressing or expanding dynamometer with
shoulders and arms at thoracic level.
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BEhrEIREO N h ol

4. %MVC, B XL

1% 0HE# T, MVCORMEMBP KT EAMHERL
72728, TOWERE OV TIZEY 2 W EAIFT R Do
T2EEZ, %MVCIZ194THEIB L.

% MVC (BLF, RN 13, [%H]
Fix21% (15), &K BiX155% (B5), [HE] K
3147% (1) Thovz. EBBLEICIBEREF R
728, BB LEEHE TN o2H TR o7,

DT, 140oWEBET, IRE® Bk BIiC
T AT BE 22 4 DS SN hr o 727280, ZOXRTIZLH
BOBHRRP LB L 2. Ledso TRTLHZEH =
&, 597D [Hk] [#4G] TEEtEITo 72 FHL
HE (4713 bpm; beats per minute) %, [Z¢HF] BRI
67.8bpm (9.0), [H5#h] Keix 755bpm (12.9), [H k]
X 786 bpm (9.0), [#i4 | K¢iE 823bpm (106) ThH-
7o, BgEEO M OHESE, B X OBREE,
RT7FEORT LAIZE B & % Table 31277% L7z, [Hifi ]
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Fig. 2. Example of measured Hb (Hemoglobin), HR (Heart Rate) and EMG

(Electromyography) findings. Vertical lines show start and end of [Phy] and
[Phy + Men]. Bold two-headed arrows between dashed lines show duration
of evaluation. Bpm: beats per min; EMGrms: calculated root mean square
values of EMG over 20ms (time constant, 50 ms). [Restl4, [Phy]2 and
[Phy + Men]2: See Fig. 1.

Table 2. Hemoglobin concentrations (umol/l) in
[Rest], [Phy] and [Phy + Men] (n=20)

DZEF R IZETOWRE TIEDOHETH Y, TP
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84bpm (62) THh o7z, RTLHLEHENIRT LD

OxyHb [Rest] [Phy] [Phy + Men]
IEDMETH 72BN 4BY, 843P HREL1IXT e o8 58 o8
P bkTaDfEERL7. SD 1 60 61
Min 30.5 36.7 39.8
5. Hb ZB)fi Hix Max 62.7 617 64.4

Tk K& [HA ] R AHb O ¥ fi & FEHE R 72, DeoHb  [Rest] [Phy]  [Phy + Men]
B I AHD % B L 7458/ 5 L7z p il & Table 4 127R Moan 204 15 107
L7z, EHEE TR L2 25, THKR] FRIZHART SD 7:0 8:5 7:9
[#i6 | BT, ADeoHb IZ/NEH o7z (p=0013). —7, Min 251 26.1 246
AOXyHb 12 K & £ ATotHb /N E WA Z /R L7z DD Max 584 70.9 56,5

BRAZRD NG o7z, EE ERRFER O TotHb [Rest] [Phy] [Phy + Men]
HAEHIE 2R, WIho AHb &, RERKEZERIZ X % Moan 582 900 905
HRERAETED SNGh o7 (Table5). D 110 119 117
RIS, DWERZICOWT AsHb 2R L2 2 5, Min 636 66.0 63.2
[ER] BRIZIERT [#A ] BT AsDeoHb l3/h & 720 72 Max 1112 1233 1194

(p = 0.021). AsOxyHb I3 K X W% L (p = 0.391),
AsTotHb i3 /M E WA 278 L7z (p = 0.254) 2%, A&
LEFBEOONL D72,

FHEEGOMBE RN, BXUOXT.LAEEERT

[Rest], [Phy] and [Phy + Men]: See Fig. 1.
There was no significant differences (p<0.05) in
hemoglobin concentrations among [Rest], [Phy] and

[Phy + Men] by one-way ANOVA.
SD: standard deviation.
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Table 3. Increases in heart rate

Subject HRinc-pair
No. H Ri nc-Men . . .
Pair 1  Pair 2 Pair 3
1 19.1 14.7 18.3 131
2 39 43 2.3 7.7
3 16.0 187 122 88
4 24.0 6.6 38 47
5 30 47 2.7 48
6 9.4 35 2.6 2.3
7 135 6.2 -0.7 -20
8 75 48 8.3 05
9 9.2 2.2 -1.9 1.6
10 45 — 24 42
11 0.4 2.3 2.3 -2.8
12 13.9 11.9 10.0 89
13 39 -19 -0.7 -5.0
14 11 -14 -6.0 12
15 5.1 -44 -45 -10.6
16 5.3 0.4 -1.3 55
17 4.0 2.7 -0.2 38
18 6.2 6.3 0.1 2.8
19 94 6.5 11.1 25
20 7.7 58 85 38
HR; c.men=HRyen—HRRest1 ((Men], [Rest]l: See Fig. 1);
HR; n¢-pair=HRphymen—HRppy (Phy + Men], [Phy]: See

Fig. 1); Pair: Pair of [Phy] and [Phy + Men] (numbers
1~3 correspond to order numbers of respective tasks).
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AHb Z I L7245 8 (Table 4), X7 ODHEBE) 4T
EDEZRRL7-BET, ADeoHb 3 A EIZ/INE o7z, L
L, MO T, ADeoHb X/ WM Z R L7228,

BhETI o7,

EWERE DS, (2) RTOALBEAI3 M & HAOfE
THho/z22% %R TEEL 72046, (b) BEERIER
EVEh o718 BRCTHRRLZSA, (o) oA
W1kg KM TH o 1 X2 HBTHE LS, W
NOBED AHL LTS [HR] BRICHRT [H4E ]
T, ADeoHbi3/h&< ((a) p =0024, (b) p = 0025,
(¢) p=0015), AOxyHb &K & W {#IA ATotHb IZ /s &
W Z R L7 E 2 h o7z,

V. & £

1. Hb#hiE

(Rt DHEB RPN SR IEOEER LS E05,
REFTHWZCWTIZL Y, EHWEREICA ML ARG
BER SN/ L E 2, SPERE T Hb BE 2 M L7z,
FORR, [RE] 2o 0E8E TH S AOxyHD,
ATotHb i%, [THR] B & BT, WA ML AHM
bolz [HE] BTHERSIRD 51T, ADeoHb i3,
e BMTHBEICNES o7, NIRSTHSLL B
A, BTHRNELR OB 225720, WEfle
DbDEHERAHCTHIKT 52 LoV TIIERTDH
2121 z2z¢, HhBjREDIREE L LT AsHb % 7=

Table 4. Descriptive statistics for values of variables in Hemoglobin concentration (AHb)

AOxyHb ADeoHb ATotHb

[Phy] [Phy + Men] [Phy] [Phy + Men] [Phy] [Phy + Men]

Mean -05 0.3 25 0.1 19 04
All subject (n=20) SD 5.2 45 6.2 5.1 10.1 83
p value 0.281 0.013 0.230
Induration (-) (1=2) Mean 35 -0.1 3.6 02 7.1 03
n=
Tenderness (-) SD
. Mean -04 0.7 35 1.6 3.1 24
. . Induration (+)
Grouping by palpation of (n=14) SD 54 48 6.7 47 10.6 8.8
. . Tenderness (-)
right trapezius muscle p value 0.146 0.120 0.663
. Mean -3.0 -1.3 -1.6 -4.7 -4.6 -6.1
Induration (+)
(n=4) SD 3.0 3.7 2.3 3.1 45 5.7
Tenderness (+)
p value 0.253 0.057 0.324
Mean -0.6 0.9 44 14 3.8 2.3
All HR; e pair”0  (n=11) SD 40 34 69 54 96 79
) p value 0.089 0.033 0.392
Grouping by HRinc-pair
at least one pair (M=8)  Mean -0.1 -0.2 0.6 -0.6 05 -0.8
HRjnc-pair < SD 6.7 5.7 42 38 105 9.2
in 3 pairs p value 0.937 0.228 0.553

AOxyHb and ADeoHb: AHb of OxyHb and DeoHb; AHb=Hb, ~Hbg.; Hb;,: Mean Hemoglobin concentrations for each task;

Hb,.... Mean Hemoglobin concentrations at resting just before each task; [Phy], [Phy + Men]: See Fig. 1; HR.

Rest"

see Table 3;

inc-pair

p value were calculated by GLM repeated measures two-way ANOVA.
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Table 5. Two-way analysis of variance of AOxyHb, ADeoHb and ATotHb (n=20)

Type III DOF Mean square F value p value
sum of square

AOxyHb  Task 18.019 1 18.019 123 0.281
Error (task) 278.240 19 14.644
Order 13918 2 6.959 0.81 0.452
Error (order) 326.182 38 8.584
Task x order 4015 2 2.008 0.16 0.851
Error (task x order) 471,071 38 12.397

ADeoHb  Task 166.381 1 166.381 7.59 0.013
Error (task) 416.724 19 21.933
Order 23.814 2 11.907 1.90 0.163
Error (order) 238.083 38 6.265
Task x order 2.258 2 1.129 0.13 0.880
Error (task x order) 335.052 38 34.103

ATotHb  Task 74.576 1 74576 154 0.230
Error (task) 922.050 19 14.644
Order 46.133 2 23.067 101 0.373
Error (order) 865.940 38 22.788
Task x order 7.790 2 3.895 0.11 0.892
Error (task x order) 1295.923 38 34.103

Task: [Phy] and [Phy + Men];, order: 1st, 2nd and 3rd trial; DOF: degrees of freedom; AOxyHb,

ADeoHb, ATotHb: See Table 4.
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Effect of Mental Stress on Hemoglobin Dynamics in Trapezius Muscles

. 1 . 2 2 T 2 2
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!'0Osaka Institute of Social Medicine, Fukushima Horo Nishiyodo Bldg. 3F, 3-6-8, Nozato, Nishiyodogawa-ku, Osaka, Japan and
*Division of Preventive Medicine, Department of Social Medicine, Shiga University of Medical Science

Abstract: We examined the effect of mental stress on
hemoglobin concentrations in the trapezius muscles of 20
healthy, non-smoking women. The participants held their
arms out horizontally (physical stimulus) while standing
upright for 1 min with 5 min intervals of seated rest, or
performed Stroop’s Color Word Test (mental stimulus),
or both simultaneously. We measured heart rate, muscle
tissue hemoglobin (oxy-hemoglobin, OxyHb; deoxy-
hemoglobin, DeoHb; total hemoglobin, TotHb) concen-
trations in, and obtained surface electromyograms from
the right upper trapezius muscle. Changes in the hemo-
globin concentration (AOxyHb, ADeoHb, ATotHb)
induced by physical and/or mental stimuli were calculat-

ed. Changes with physical stimulus alone were compared
with those induced by physical plus mental stimuli using
repeated measures ANOVA. The ADeoHb with physical
and mental stimuli was significantly lower (p=0.013) than
that with the physical stimulus alone, whereas the
AOxyHb and the ATotHb values did not significantly dif-
fer (p=0.281, p=0.230). This finding indicates that men-
tal load affects ADeoHb in the trapezius muscle. We think
that mental stimulus might provoke a reduction in oxy-
gen consumption by the trapezius muscle. Further inves-
tigations using a longer duration of physical and mental
stimuli are required.

(San Ei Shi 2007; 49: 225-233)



