ISSN 2187-0691
Japanese Journal of Maritime Activity

Vol.5 No.3 BH5% B35
- N
i A PR S22 2k
ey 4] F FE 5%
March 2017 Er 29 % 3 A
HE B FARES

-z 9000009090909 00 000000009090909090909090909090909090909©9090909090©0 0 0 09000000
Japan Society for Maritime Activity



e
SR S IEE OREHF & BFHEET AT AL & OB — OB T 2t R e LT —rreeeeees 47
HAEE, FgHigeie, EEFIERs, ITHEAN, R

e
K EA— b B E G & LTl — B A A R & LT —reeeeeees 53
BRI, BAER, TEH—.

i 151 3 2
I IRIZ 12 L A AN O AT — 2 SEFINC K D RIFEER & FIRI RO — e eeeeens 58

AL, BEE L, TR, BRI, FRE—, R

PAET4 FL/ 68



BEAEZHE F55-F3F

O/RZE RO

FREBEROKF & FHEET L L OBRK - BE DL

BREESORFLEEMERTR L OBEFR—MEEREEENREL T

AR, ML WFEEM’ THEN? EHHE"
VIR FLEIELMNT 700, ° AARKFAEPE T, R AR PR, RO

(# &)

IRAABEETE S 351 40 (P4 40.3 %) A XFBRIC,

FHERZSE O JaaER (5 4 SHMED AL

FEk 22 AN AAT o7, XGAE O T0.4%HEHE, JH A,
MBS DA DENALI — AT L EORGERZ2 A L Tz, BRI S 2V O ERAL I

TEHFEN a8, 5(3):47-52,2017.
(%241 : 2015 12 B 20 B ; =#RFSHE : 2016 11 B 18 A)

W, ESROEFHFOFEOFHEL LW
=Ry
H AP\

SHER, JHER,

(49.9%) &LJHE

(49.6%) TH o7z, FHERZZERWRA Cld. 2 4 MR KO 5 BoHEIZ 2 < 3R HiLi=3, TGk & O
NEIBHRMEIIRD By o7z, UL, BRE ORGROERNENZ < 72 513 EFFHEM ISR Ttk 2R
TN S < M I IEOARBBRNRD bz (r=0.98,p<0.05), ZHHDFEHEND, MBSt

= l=hva

TILSES, JRER. HER.

BERCRGR 2 AT 2B NN LRSIz, I ORGFREFBINICIRZ )

HE U CHEMEMZSERERBENE I TH 2D Z L IVRB Sz,

F—U—F B HFHEEHAR B2Y

I. [FC®IC

W EToR@ix. MEEHENA C DR O ZERO
FCREMICOIE W EEEXD Y BN R —
r el LI RESERAR D, 29 LEREOE WX
DE~OAM L 72> TIMBEOREEREBIC KX B
HGzbEtE2HN5,

[E AW g R O s B S FIRIE R AR LIS (CF
Bk 25 ARE) VICK B &, MBOEFTRLREEDZ N
DN THERZORE] (18.8%) T, RWT ke
RO (15.2%) . ERMGRDOER] (15.2%) TH
%o LR G DIXNTR B O E B g5 R B E RS AR & 43 AT
L. 2 BIDERIAE Ch 503, Wb x & OMOFHED
RN 6 HEZNLEREL TS, LrL, I
5OWE LT A3 AL EOKESIOER) &L
TEERBEBEBIZHREINZLOERELE L TWDEZD,
REICELRWEEIZOVWTUIEEN TN, L
2o T, B NE 8 O S BRE OB REE E 2 D
ELREIZEL LDDEFR TR THLEGED 5V 30
HEH LN EBICHERET H2ENSZ N & RHERIT
x5,

A1 BE 1 3 oD 5 B AR R B I B 2 s 13D T
BT DM, Torner H I BIZHI B RIER DI Z <
I ZOFRAETRIZOWTHER, WEEFK, 1EEICE D
720 i ERS R~ Om AR V8B L TWD 2 b A e
LTW%, £7-. Kanda & 9%, EEMEREEEICRA
T2 B L IARE D B D V) KT AR SCIREN N EK TH
HTLERELTND, MAABELAOERIZIB T
HLIEZ VR AEAET HE1EE< 0, 29 LIZIER DR
REZ 4R T 2 72 OIS N E CIXEBRAE 21T 5 D2 —

FEPHFERE S ¢ T 320-8551 MIARRFHE MRS 1-1

e-mail : shiroishi@ucjt.teikyo-u.ac.jp

ESES

47

L

B TH D, L L, RIEDOEROZKIZET LT &
IAL Ll B D0 A 2 fiffT 9IC & BAFFETIE, MRELR
KB EOBEKIER (red flag) SR Y —f%H)
PRSI L CHEBRAE I A e B L bV
DEETWD,

— 07, PERMLFEIEEDMAE T E L THHEOMN
I CERBE 908 d 5, Z OMEIEITHFHEDO LS
ROWRIE  FHEREUE, THED U = A BEF TR LEFHES
MM B AN Z 5 2 TERNFE R INDIDENE R
KT HHGRERNZETHTH D, /NMUNS 1004
Bo WX, BHEOEFBRAEQCLT, sPPA)Z MV, FEH
SR BEERED T AE LT W EIRR IS, BRAE
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HEL 55 1 MOHED B 5 12 Mok, 56 1 MEHED 5 5 eSS
LM AR 22 BT CTH - 7=, MEIZENZE N O
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Bt O TE 1T G s D HEEEREOIETF D TH 0

[72L) 2L, [H Y ) OfFH%E sPPARBMELE LT,
FRAVEDFERIZ DWW TR TR A2 S S 7oy 101D,
ek, ARRRAIL, 40 FORRIKREERZ A9 2 RfRAaiEIC
Wl L7 1 4OBREN., TXTOXNGEEIIHT HHRA
LT,

3. bk

TR TR AN Y 7 b BZRD% TR,

S, HE, WS, EERENENORGFEO TH Y - 72 L
& sPPA TR - B2t & OBIREICIE x 2 ES, K
FFIEAL A & sPPA B fE AT B & oo B M 1T
Spearman DA AHEAREAZ Z N H Wz, &2TO
R FHIRREIZ BT 2 AEAKMET 5 %A & LTz,

m #% %
1. x5RE O IRERE

KIRE O SRR EY e 40.3112.9 7%, &
168.7 = 6.7cm, {KHE 67.8 £ 12.8kg, BMI23.7 =+
3.7kg/m2 ThH -7,
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EEh, Mo RKEF (Table 1) Tid.
NSO ONT NI LT EH SR VWENRSRHE
351 4% 974 (27.6%) | 1EMLICEGFZ AT 580
86 & (24.5%). 2 HALHN 66 4 (18.8%). 3 HBHLAN 52
4 (14.8%) . 4 FAL2 504 (14.3%) Tho7-, HBAL
BIORGRE S (EERZH V) 1T (Figure 1),
175 4 (49.8%) THb %<, WWTHEEHN 174 4
(49.6%) . SHIT AN 142 4 (40.5%) 5 EB A 83 4 (23.7%)
DNETH - 7=,

3. BHETIRA (sPPA) BatEsR

Figure 2 |Z sPPA O %L | i), Hifb), &
o), EE@ICB T AREFD (Ho ), 7L BIIR
L7z, sPPA TG « B2tk ) & BE0ICB I 2EGRO [H
D72l EOREEZ x2BREICK Y AT LIRS,
#(Figure 2-c) D% 12 Mok, 55 1 e, 25 4 IEMEA bR
<FTRTOHEE T, WTFNrOFREH T 5 & 1 XSHHE
NHAFE ETO sPPA BBIERENEREICE -T2, £T2
AR OA R L OO IZBfR 72 <. sPPA BEMESRITE 5

48

FREBEROKF & FHREET L L OBK - BE DL

Table 1. Number of subjective symptoms of
the neck and/or trunk regions.

Number of Regions of
subjective g- . Number of
subjective .
symptoms subjects (%)
%) symptoms

0 (27.6) No symptom 97(27.6)

N 6(1.7)
27(7.7)
1 (24.5)
4(1.1)

LB 49(14.0)
N, S 33(9.4)
N, LB 10(2.8)

2(18.8) S, LB 15(4. 3)
S, UB 1(0.3)
UB, LB 7(2.0)
N, S, UB 10(2.8)
N, S, LB 32(9.1)

3 (14.8)
N, UB, LB 1(0.3)
S, UB, LB 9(2.6)
N, S, UB, -

4 (14. 3) LB 50(14. 2)

N: Neck, S: Shoulder, UB: Upper Back, LB:
Lower Back (n=351)

Neck
Shoulder
Upper-Back

Low-Back

20 40 60 80 100

0

Figure 1. Complaint rates of subjective symptoms in the neck
and/or trunk regions. (n = 351, includes multiple responses)

fakER KO 4 SEHMEZ FUlMZ 2 DDOEWE—27 ZaR L
776

Figure 3 2SS, JHE, W, EHOWTIIZ B
A S Wik E O sPPA BEREZ R LT-, k%
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Positive rate (%)

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

*k%x T7
* %k %k T8
* %k % T9

Level of vertebrae

a. Neck b. Shoulder ¢. Upper back d. Lower back

Figure 2. Positive rates of pressure induced-pain assessment on spinous process of vertebrae with (dotted line) or without (solid line) subjective
symptom(s) in each regions (includes multiple responses). C: cervical, T: thoracic and L: lumbar vertebrae, S: sacrum
Comparison of the positive rates at each level of vertebrae *** P <0.001, **P < 0.01, *P < 0.05

Positive rate (%)

s 07 y=aaaan
0 20 40 60 80 100 = = R=0.98 P<0.05
U 5 15 A
1 1 1 ) = -
ca | 25 g -
H g2
6 | 5 Y 5 A
T | £¢ o
1% = {mean = SD)
T3 0 1 2 3 4
g ] Number of subjective symptoms
% 15 Figure 4. Relationship between number of subjective
£ T7 1 symptoms inthe neck, shoulder, upper back and/or lower
g 1: back (includes multipleresponses) and number of
“6 9 1: vertebrae with pressure-pain. (n=351})
< -
111 |}
= T B BHERE O sPPA By & . 85 5 B (35.1%)
Tt TRLBIERNES, 20 LB L OTROMEICHS
1% WTHE b EIC >V TRWVEEEREZ R Lz, R
137 A4S (19.6%) 1BV THEVBIERBED b,
1 ZOTHERICBOTHEDBEEER LTV,
L5 : Figure 4 \_,_\uﬁfﬂ)iﬁﬂﬁlk sPPA FEERE TS & D
] HeR L, SREEBORFOTMEPELDIFLE
sPPA (5L BT H i%ﬂﬂ Lﬁm 72 FABARALR(r=0.98, p <
O 05)73) Au&) FO 71;0
Figure 3. Positive rates of pressure induced-pain " i
assessment on spinous process of vertebrae V. & =
among subjects without any subjective symptom. FAHES A IR U CSEED . B, . EE ok
C: cervical, T: thoracic, L: lumbar vertebrae, FROBELRAEL KR, T0%2BALLELNT )
S: sacrum OFALICRFHFEAL TRY ., FALRICH D LB LR

MIZRFENL L ENENA 0% L mETH o1,
ﬁx@lﬁ%ﬂ%& L7 RAEERHAE 0l2B8 W0 Th,
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B2 & T ©BRIERN RS < AWFIEOR
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ey 7R E R & bl U, AW O3t G5 T D M fin B e
WEHEORGFERITZE LLBNEWVWZ D, RIFFEDORE
BN D FH & B RGR N BB IS D o T2 R IRIC DO
THLMNZTDHZ EITTEROD, NEWVIRLN
258 - ANEEREEICR T D HIKEEIEOHKIIC L HIE
AR 2 EERFORBSCE &Y O e EOHIRA~D
WA VMR I TWD, Lo T, MBS EREEE
FTIEZ ) LR HRREEICEB T DR RO AN
R EOHRIZE X DER EENEZIT D EERE - KT
A EE R D [ 238 A I B U C R O O BKER %
BETDHENENEEZDENTED, LTEN-T, M
AABSEREEFT IZB W TUIE SO ORFF 2 TR X
CEHNCSET DR RNPSLETHD VR D,

B2, BEOBRMERICESEA
DIERA T DT O ERITHEN 1319, ZD7=®
AT RICZ L< WEBKICIHMET 5 Z L IZNEET
HD, T ZTAIETIE, k2 AT D858 O H KN
FREDORBREHOLNICT 5O OMBEHIFTRE LT
FHEEMRA (sPPA) %#1T-o7-, ZORESR. S, H
BB A BEE O WSR2 A T D RS XS ME
D OAIE FE TOFHERMERIZIIZ > T sPPA BitERN S
< (Figure 2), F7-SHE, HEB, . B ORGROE
NN 2 HIE EHFHED sPPA BaME & 4 ks £
2o 7= (Figure 4),

BRERAE > U U 72 S, JEHED, 0. MR o RGRIC
BG4 2 & U CEIEA. 8 HZM. 2/, FHET
7. BERERR 72 &3 2 73 1118160 Z 4 & O IXFHEL AT
FMEFFOHTH D, TDTD, ZNH ORI AR E
DOIGREHT 256, HBEOTLESCTIMEOIK T %
B, HOMNETIEHOEBEIK T2 525
Wb, /AU S 0EE 5 Wi 7RTE 2 0 SR O
% VTHEHEDEEBN AR L L BHEICBE L Th v, sPPA IC
X DEIE, X7 AEERICEIHE O "l #ik 3 i T
REER 2 Bhhs L7 BR O & [RAR T, HERI BT o mr s
Db TRZEE 2 18 U CHERIBIER 3 Bh s S 7= B
DEJFTH D L XTWD, Fiz, MED 01, Nt
AN B 256 4 ORGP ERDIREZ A LB E B X 5
RBRENENA NV AR ER L, 263 EATE
WCEDRGEBHRORE, WEARA TV a— N6 L
HATATHREBRLTNWDEZ EEZREBLTWDS, Kk
B7e A b L ARGEHCE O OREXET A2 &N
IS HBNTWD T2, HHESOREFIC L - TEBL
FAR~D I RHARTIZT TR ZHILIEA M LVALHE
SO D 5 R E A TUME S B TR 20 RO 2 & o RKER
EHIMSELHERE 720 | fERE LT sPPA Bih#Es
BT REEND D, L7 > T, sPPA OfERIZ
SHES. JEHB. A5, BEORGR DR AT HEHEDOIRIES
KMed 5 & &z b, BREARKFHOIREELZ sPPA T
P % Z S Lo THUER NSO EEMICIE X 5 Z
ENRARETHD VR D,

— 7, sPPABGIERDOE WL 2 THD &, i
YT D5 4 FHEL 5 5 kT bm <. RO TR
WA 3 % 50 4 SikEds OV 5 SiMECRids - 72 (Figure
2, Figure 3), ZOfERIL, FE O WA KEHERTFC
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I 2 P GTAT - 7o FHER 2SI I E R R A D R & —
LTV 572 O AABERE S (TR A 7o M Tt e
EEZBND, B 4 Kok &5 5 Mok T sPPA Bt
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Lok 2 R L R Z L - TBEDEENMRE T
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BICHEHEDOERMBARICHD L Z & 25 LT\ 5,
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DA RIFAE LM oF CbIKETH -2, —F, &
Hoo sPPA BEPE#IL, SHMECHMIME & ik L TRV S
D &P A TRA RITH 50%TH 0 b @i %R
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Do
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CJORIGINAL INVESTIGATIONL]
Musculoskeletal Complaints in the Neck and Trunk Regions and Vertebral Tenderness among Workers in the

Shipping Industry.

Kiyoshi Shiroishi!, Toshiki Kikuchi?, Masaki Takayose?, Naoto Gyoda®, Yuji Sano*
'Teikyo University Faculty of Medical Technology, Nihon University College of Industrial Technology, 3Teikyo Uni-
versity of Science Faculty of Medical Science, *Tokyo University of Marine Science and Technology

Jpn. J. Marit. Activity, 5(3):47-52, 2017.

(Submitted: 20 December, 2015; accepted in final form: 18 November, 2016)

[ Abstract]

Three hundred and fifty-one workers in the shipping industry, with a mean age of 40.3(12.9) years (SD), were
examined to clarify the characteristics of musculoskeletal complaint rates in the neck, shoulders, upper back and/or
lower back regions. Additionally, positive rates of pressure induced-pain assessment of the spine from the 4th cer-
vical vertebra to the sacrum (22 points) were performed. A large majority of the subjects (70.4%) had some kind of
musculoskeletal complaint in at least one of the regions. The shoulders and lower back regions had the highest
complaint rates of 49.6% and 49.9%, respectively when multiple responses by the subjects were included. Positive
rates of the pressure induced-pain assessment were highest on the thoracic vertebrae, predominantly at the 4th and
5th, regardless of the complaint region. The number of complaints was positively related to the number of positive
responses from the assessment of each point (r = 0.98, p <0.05). These results suggest that efforts to reduce muscu-
loskeletal complaints of shipping industry workers are necessary, and the pressure induced-pain assessment of the
spine used in this study may be a useful tool for evaluating these complaints as a screening test.

Key Words : Pressure-pain for spine, Neck, Trunk, Musculoskeletal complaint, Shipping industry

Corresponding author: Kiyoshi Shiroishi, e-mail : shiroishi@ucjt.teikyo-u.ac.jp
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Table 1. Physical characteristics of subjects

Subject  Sex Age Height Weight SBP DBP
(year)  (cm) (kg) (mmHg)  (mmHg)
H male 23 182.5 77.0 104 68
I male 24 171.3 71.5 107 75

EPHFEALE - T275-8576 HEF TR 2-11-1
e-mail: kikuchi.toshiki@nihon-u.ac.jp
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Date Time Wind Wind Weather

Temp. Humidity

direction  foree ey (O (C)
Aug.1 7:00 Calm 0 Sunny 1010.8 28.7 943 -
8:00 Calm 0 Sunny 1010.9 29.0 85.0 -
9:00 N. West 1 Sunny 1010.8 29.0 87.8 26.8
10:00 Calm 0 Sunny 1011.0 28.3 98.6 26.2
11:00 South 1 Sunny 1011.3 28.7 97.3 27.5
12:00  South-SW 2 Sunny 1011.0 29.0 91.3 27.9
13:00 South 2 Sunny 1010.8 29.2 89.1 28.3
14:00 South 3 Sunny 1010.8 29.5 85.9 27.5
15:00 South 3 Most. sunny 1010.6 29.3 91.2 26.7
16:00 South 3 Sunny 1010.9 29.8 74.2 27.2
17:00 South 3 Sunny 1011.2 29.6 80.5 -
Wind force Wind speed (m/sec)
Calm 0.0-0.2 N. West: North West
1 0.3-1.5 SW: South West
2 1.6-3.3
3 3.4-54
4 5.5-7.9
5 8.0-10.7
6 10.8-13.8
7 13.9-17.1
8 17.2-20.7
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Figure 1. Schematic view and analytical method of
Second derivative photo plethysmograph (SDPG).
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Table 3. The time-series change of hemodynamics and subjective intensity of seasickness during the experimental voyage in

subject H.
Time ) PR SBP  DBP Forehead SDPG (%) Fingertip SDPG (%)
Ship Sea
Condition  sickness
(b/m) (mmHg) b/a c/a da e/a APG b/a c/a d/a ela  APG

815 EA 0 72 105 60 -64 -22 -22 8 20 -76 1 -1 21 76

830 EA 0 63 100 55 -48 -17 -28 5 3 -80 5 -3 18 82

845 EA 0 69 99 58 -40 -21 -29 3 -10 -79 3 -3 21 79

900 EA 0 65 98 62 -45 -23 =27 6 -5 -82 5 -2 18 85

950 Navi 1 61 104 65 -21 -7 -52 7 -38 -62 0 -26 20 36

955 Navi 1 62 101 68 -20 -2 -50 1 -32 -67 -13 -17 20 37
1000 Navi 1 60 101 67 -22 -10 -51 0 -39 -74 1 -21 21 54
1005 Navi 1 63 102 68 -28 -10 -42 0 -24 -69 -5 -22 21 42
1010 Navi 1 64 106 66 -19 -6 -49 3 -36 -72 -8 -21 14 43
1015 Navi 1 62 102 65 -35 -8 -38 2 -11 -75 -8 -15 16 52
1020 Navi 1 57 111 67 27 -1 -46 6 -20 =17 -6 -12 21 59
1025 Navi 1 57 94 63 21 -1 =51 -3 -31 =17 -1 221 16 55
1030 Navi 1 57 102 66 27 2 44 3 -19 75 5 221 18 59
1035 Navi 1 56 97 67 23 2 -50 6 -25 -71 3 -20 14 54
1040 Navi 1 56 106 71 24 5 53 3 -24 =78 6 -23 19 61
1045 Navi 1 56 98 67 -17 3 46 2 -26 =719 8 -18 21 69
1050 Navi 1 58 98 64  -19 1 -43 3 -26 =719 8 -26 22 61
1055 Navi 1 44 98 77 -16 1 -51 -6 -34 -80 8 -19 16 69
1100 Navi 1 56 93 59 22 -6 -45 -2 -29 -76 4 -8 17 72
1105 Navi 1 54 105 61 21 9 -2 3 -22 =78 10 -20 11 68
1110 Navi 1 55 94 61  -19 1 -52 -7 -32 =74 6 -16 15 64
1115 Navi 1 55 104 63 23 4 51 2 -24 =17 10 -20 19 67
1120 Navi 1 55 100 60 -21 7 -51 -23 -84 13 -28 18 69
1125 Navi 1 55 99 62 -26 1 -48 -21 -80 10 -22 18 68
1130 Navi 1 57 97 63 =27 1 -50 4 -22 -72 6 -28 23 50
1215 Navi 1 71 110 71 -31 -11 -40 -6 -20 -80 10 -7 16 83
1230 Navi 1 57 95 67 -29 -5 -46 4 -22 -84 8 -8 19 84
1300 Navi 0 62 102 61 -30 -6 -41 -4 -17 -74 -1 -8 16 65
1330 Navi 0 58 106 66 -34 -5 -49 2 -20 -76 13 -8 13 81
1400 Navi 0 60 98 69 =27 -4 -48 2 -25 -68 9 -28 15 49
1430 Navi 0 64 105 67 -36 -24 -37 9 -25 -85 4 -4 26 85
1600 EA 0 62 105 67 -35 -5 -39 4 -9 -69 11 -25 15 55
1630 EA 0 65 102 64 -36 -12 -34 7 -10 -76 -7 -10 22 59

EA: Emergency Anchoring Navi: Navigation
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Table 4. The time-series change of hemodynamics and subjective intensity of seasickness during the experimental voyage in
subject 1.

Time Ship Sea PR SBP  DBP Forehead SDPG (%) Fingertip SDPG (%)
Condition  sickness

(b/m) (mmHg) b/a c/a dla e/a APG b/a c/a d/a e/la  APG

830 EA 0 80 122 76 42 23 -25 10 -6 -104 11 8 41 123

845 EA 0 75 121 75 38 0 -21 -28 20 -11 -95 -3 -3 50 89

900 EA 0 72 125 77 52 35 -35 17 -18 -86 10 10 22 106

950 Navi 1 66 134 8 -32  -15 27 7 -10 -95 12 10 24 117

955 Navi 2 65 128 80 23 -18  -35 5 -30 -95 6 6 26 107
1000 Navi 2 64 120 78 25 -13 -32 7 -20 -92 7 7 24 106
1005 Navi 2 64 133 76 32 -17 -39 9 -24 -89 -7 -7 46 75
1010 Navi 1 69 117 76 -23 -18 -35 12 -30 -91 -6 -3 47 82
1015 Navi 2 66 118 76 28 -16  -32 15 -20 -87 -7 -6 31 74
1020 Navi 2 66 122 76 26 -21 -37 15 -32 -93 -3 -3 41 87
1025 Navi 1 72 125 76 28 21 -35 10 -28 -95 -2 -2 44 91
1030 Navi 1 68 120 71 24 -18  -37 13 -31 -93 -1 -1 43 91
1035 Navi 1 64 109 70 -32 20 -30 12 -18 -96 -5 -5 53 86
1040 Navi 1 70 112 61 -25 -16 -39 15 -30 -93 -1 -1 44 91
1045 Navi 1 63 102 69 23 -19  -35 8 -31 91 -2 -2 43 87
1050 Navi 1 62 107 67 25 -11 -39 9 -25 -92 2 2 37 96
1055 Navi 1 59 117 67 23 -10 -34 14 -21 -93 6 5 31 104
1100 Navi 1 61 111 72 20 -12 41 15 -33 -89 -4 -4 42 81
1105 Navi 1 67 123 77 28 -18  -34 15 -24 -96 1 -2 42 95
1110 Navi 1 57 114 68 24 -18  -32 10 -26 -98 -5 -5 42 88
1115 Navi 1 65 113 72 21 -15 -37 14 -31 -95 -6 -6 48 83
1120 Navi 1 64 102 59 24 -14 -40 18 -30  -100 -7 -7 41 86
1125 Navi 1 63 112 8 22 -12 32 19 -22 -97 -1 -1 35 95
1130 Navi 1 62 106 70 21 -12 33 6 -24 -90 8 -1 19 97
1215 Navi 0 73 115 69 388 -16 -23 10 -1 -89 12 10 23 111
1230 Navi 0 71 111 72 41 -15 22 15 4 -88 -1 -1 41 86
1300 Navi 0 72 107 73 -44  -13 -25 8 6 -92 -8 -8 53 76
1330 Navi 0 66 118 63 -43 -15 -26 14 2 -95 11 9 21 115
1400 Navi 0 73 115 75 40 -16  -27 17 -3 -98 -4 -4 51 90
1430 Navi 0 62 110 73 35 -12 21 8 2 -97 -4 -4 59 89

EA: Emergency Anchoring Navi: Navigation
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Figure 2. The time-series change of pulse rate (PR) during the experimental voyage in subject H.
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Figure 3. The time-series change of pulse rate (PR) during the experimental voyage in subject I
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Figure 4. The time-series change of systolic blood pressure (SBP) and diastolic blood pressure (DBP) during the
experimental voyage in subject H
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Figure 5. The time-series change of systolic blood pressure (SBP) and diastolic blood pressure (DBP) during the
experimental voyage in subject L.
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Figure 6. The time-series change of second derivative photo plethysmography (SDPG) b/a ratio during the experimental
voyage in subject H.
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Figure 7. The time-series change of second derivative photo plethysmography (SDPG) b/a ratio during the experimental
voyage in subject I.
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Figure 8. The time-series change of second derivative photo plethysmography (SDPG) d/a ratio during the experimental

voyage in subject H.
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Figure 9. The time-series change of second derivative photo plethysmography (SDPG) d/a ratio during the experimental

voyage in subject I.
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Figure 10. The time-series change of APG Index during the experimental voyage in subject H.
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Figure 11. The time-series change of APG Index during the experimental voyage in subject 1.
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