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Effect of Toilet Seat Sitting Posture on the Estimation
of Fat-free Mass through Bioelectrical Impedance
Measurement

Ji-Jer Huang, Han-Yang Liu
Department of Electrical Engineering, Southern Taiwan University of Science and Technology

Abstract

Obesity is an overlooked chronic disease. The distribution and amount of body fat are often affected by personal
diet, exercise habits, and ailments. Hence, making daily measurements that could lead to a change of habit is
meaningful work. This research proposes a self-made electrical impedance measurement system that includes a toilet
seat and hand grip electrodes. When the participants have different postures and hand grips, the electrical impedance
values generated, and the acquired electrical current at different segments was compared with standard FFM
measurements and inspected through multivariate regression analysis. Results from measuring different postures and
segments showed that the resistance value at the RPI-RTI (right-hand and right-thigh) segment is smaller than that of
other segments. From the estimated FFM values obtained and the impact of different postures, it was observed that
when the upper limb was elevated at 135 and 180 degrees, there was a high correlation, and the average R2 was 0.968.
Regression correlations between RPI-RTI (right-hand and right-thigh) were better than the measured values for other
segments. As for the posture, when the body leans forward, poorer estimated FFM values were obtained through
regression analysis, with the average R2 being 0.946.
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AR — TR B RS A S MR » R RGET 25 B T2 - WHO K FDASEAH 4% TURFAERE 51 Ry P8 P2
7 o ZRMARGREIIEI I R 5 - B2 EANECE ~ EHEEIE R & RILREA SIS RN e 4 &
EE - (HRe A RO TEN BRI - BT EH ARGREII AR ERE XU CHIE % (dual energy x-ray
absorptiometry, DEXA) -~ 7K fEEEA (under water weight) ~ &0 T EEEKAEYIRETUNEZ (electrical
impedance analysis, BIA) [1-2] » Fif i & A B 1 S i 0y mRs - &0 B2 N IR A A AR IS My 275
B - ZMAEVIRIUAEEZE AN BEEANE ~ B - HZeaEE - & F 2 AR B R A 4H 4 B
A FEE AR S8 AR M EBFEPUE DU IR DUEETST R &G S RS 4/KE & (total body water,
TBW) - JEfGHE & (fat-free mass, FFM ) K Bf84450-5 & (total body potassium, TBK) [3] - #m{HE H g
HEFERER4HA% H o EE 2 £eilt - ST 2 SBIARMNG - AMIAySesEsE 4 Y& iE E0E - REREER A
70 0 FrLASBERHTEBEY ) - AT SRS PT A E B4A — LA ESaEr A [4] - A AR AR B i 0 ~ ST -
FEEED ~ D BRAIHEER B E - AT SRS S LAY IERENT K 5 35 4HAEER (body cell mass, BCM ) HYEEL -
IR G 7 A P P (e RIRE B R /K BB ThRE 52 S ME A [B] -t T FE Y 024 s 3 S e R 22t 72 6] - &
IR W (A B P HE R SR P s B A BB M 22 [ 78] - 2= B B S M iTRE G o3 iR B B ARG 0 T 2
BB mE - ORRR - NBRRBEES - N0 HASE] R - SEER KT AV EEBIRA (R [O] = E B RAA[10] - HEEEFR
WAL f BT - B R E R B RIS AT S & B PP U E MY 2 £ 1] - A — B iR e T
B B BE RR DR 2 [ s B RAMA[12] - S5 3R(E A TRl ey Bt T 8O0 [F & Y B R e » WAL AR
2 25 SBE S BUERY 7 AR ARG SHHIR 7574 BfE[18-14] - A RIREDRE A/ MNYE(LFE &I
AR 3l DA E & B BB RH DAY & ORIEL0] - A ERE A 2 & B BB PH U Bt R 2R L R B G A [H]
EEZHVELIBIP[15] - & H i fE BB A B EDAThRE A & - (RS S BIF A 2 i E F B 146
& i HEA 2 HERVAE 1 H RIFEHECsavEE - SrA 2B E A EMEH N AEZ 2 aidEs
HS (A0 R AR R B8 RO R i DA A B R R[16] - SE A 13RI (R BN < 78 KRR A= W ea PE i Y EE A
B FEAREEEALT] » PR A E ATt RE [FINF S0 8 25 &8 S AGRE AN - AP fEs S a BeT RGO RE A AR I &% -

TEAZE G » SR SZ AT QAT A [F) 2288 S AR A [ R AR A & B T SR B V)R H B UE - ol E
SRR BRIt AV » BIZESRE SR EERIRTRA (G - W B R e AR I FFMAE T2 B B [EIER 704 -
MHEAMEEUER T el SRRV LR R B - A RERs kg NG R AR ENE - RHHH IR EAY TR ECEEH
HHIRG RS EE A E - BRI ARV R A E A A E W Bl fm BB M -

AR AL

B X

WIE LA~ ARSHIRD 4R - HP a8 EEaE S TN (fat) RIFRSERRNIEE - HPE R A
TR OREE - BEREET - I B R R B S BRI EIE - H5—ER5 R ERE I EYE S IRHRE Fs A1
RS EE - TR RS B B AR Y E & (lean dry mass, LDM) i AR ERERS B AR KIgFTis 2 E &
AR AN EE/K EHE NPIRT & HIK G - 4lREPN7/K{S (intracellutar water, ICW ) R AF4HREARY K & & - 4
REsh K15 (extracellular water, ECW ) T AMMAHRESMN/K & & - ‘B'E &5 (bone mineral content, BMC ) HiE
—(EHLMEEATIFRVEE - HERREN 22— < MR ESR (lean soft-tissue, LST) HYELS
B DMZ(E FAEER T2 B AR EAER RS E T 2/KaVE in R E T S ENEES Bl aiE AMHIsE
AILA » &h4R4HER KSR - FREALE R (skeletal muscle mass, SMM) B A £ 2 & FLEEFHIE -
= (weight W) f—RABRE G252 EHE - HEE TFFMEAER » 7T HEFFMAYELE] S igE
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BT ERUEEIR T —RERERT 73k B AR B 2 AR AR Y i B s A s P e B HH AR AV BB
TIEER o BRSO A WA A M (5 P BE— R L B R AR A BT AR MRV ER AL AT (E 2 MR oY
AR FRIR > &AL AN EME - AR s E B TFETF > SCERERNENTE » EREE
BB [H A R B > 5 =X r] S M I FFM . TBWHE - R A B — SR H AR R AT 1S A HECW R,
ICWEL(H > AIZ SR T (multi-frequency BIA, MF-BIA) {EFIR[EISA 5 RS HI/0 - 15
50 ~ 100 ~ 200#(1500kHz » 1A [ESEA 2 M58 2 BRHE & R BRI A TR [E > TEAE%E 5kHZ K
200kHz DL FAEEEPHATH E R MRS - R 72X H DS HEFFM ~ TBW ~ ICW i ECWEH{E[2] -

SN R M T A X ATESAYIPEPTHRE (bioelectrical spectroscopy, BIS) » 1E194141F » ColeZE A\ %%
FHCole-ColelE 4 E2F7r » H{EHBEAHEEDE Gt - ST YIS LR EHREH - 7S EE HE
PEME (R) REEESRESDL (X) » EEII LEEAEEHEST (Z) - K {E 280 & Cole-Cole B 4L i &
HE > TSHEES - KB PESARETIE &R - nLRFAAEE A S R RS AR AT R A3 - LA A
(ERSPTE R E4(Q) Y YT AL PR T AR Ay B R DA & ff e SR E = e AN E4((b) - HER =
TCH R A AR L AR P BT LR - & DR B AR R InEEES - BEFHE (R) REHUE (X) FI4HARH
Pl (Z2) > BEPUSERAERG > FrlEERE(EE > 7S AEZIEPUE - BRI 0
EEFHHAN B Z=R1+R2 » BB FsFHPSARAE « A0RFE# A SRR IR AN > BHPUE FAZ=R1 - BEAITLUEES -
P e o mT DA EARE S S s - n] DIEHEXEEE T (R) 2884k > YEIESDL (-X) 281k -
B SRR [HUE (Z) 24 E R w15 H—{E FElEJE - Cole-Colel& AT A1 H VU(E B 2R E 250
HEZR Fofie g5 RIFHYZ (Roo ) ~ R BEIFINZ (RO) ~EA (a ) BLUFFMEAER (fc) < RO=R1+R2 > Roo=R1 -
foR B AHHHE » HR= ( RO+ Re0) /2 » ROZLGEAF BB F] a fy-FEIELLE] ( RO+Reo ) 2437 - I
(EEE ST T i LAY 2 Fid - HA RIIRELRSR 2 MR (% » FAROKRNZETEHI T2 - fEBISHH
R > BT R [E AR T B S U E Y SR AR B o i 7 VA TR AL LA 2 IR - ZAMAE B0 2 A
WEREET LAY - BSAAREEBCM R » JTCECRALAE S/ 7 EEE SR - 5 A2 B A IR -
ERBSAS I o PEAME PR AE R ZER BEr I CW R rECWHIREHUINER A £ -

EE A YIEB U T E SRR FIEALI 8RR - W15 ~ M - JSATEF - feseSE s 7 TR0 SR T
R 2 B E T R FFM 2 S8 (E > R ]340 T fif 2 BIH BT IS A R 220 2 Bl AE 2 500EE1BCM » EEAY)
PR T2 B S EELBIARTHIE A %E 2 - WREHE S ~ /KIS - RILA el AR IR 2 - o]
R E 75 ERG LR D HAMATRZEE o ATHITHS AT DASTAS &S AL P R B B H BE BH R R (R S AR B 227

ﬁ?&fﬁlﬁfiﬁﬂﬁﬁﬁﬁkﬂ?@hp% C HPLARE (L) ~ A REEEmESEp R REER > [FRf5r153EHE
RURE (L) - ArE G —(E RS (V) o T%RZPL% HRA AR HEAABRR S & (h) AKELE
PRE (L) » REESIHEERER (FFM) REZSREKE (TBW) FHRESHE » WERFF R
BIHER (Q) ~#ASE (h) MgE (W) - SREETRGHIBMI (Body Mass Index ) =V\%2 F2HEET
ARSI AT LASHE S HH P S AT B RS BUET4] -

=~ RERY

WfES(a)EUR A EAHR (L B - il e G T TRICEMEURCES(0) - TR A 18 LR
fE » HAOMMELE » 8 Fy120mm » EERRAI S SAHL00mm*20mm R S H Frafpt - FC b a a5y 7 E 3
HFEANSMA] (right palm internal, RPI; right palm external, RPE ) K /&=FE N9 MHI (left palm internal, LPI; left
palm external, LPE ) - 5551 B Agale s b QI3 il A 4 AKBEAI 2 Cright thigh internal, RTI; right thigh external, RTE )
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TSI RAERN B B EUE - AWFFEE FARILAEIFTEERIQuUantum IV Z4% » FRAMTER A L 2488
YGRS BN A2 R (G T &0 > WA ARG B Ay RIREIE A G T8 K RIS - EETHE
FR R SR MRS AT I RRE A B HUE - DUSOR Tl B BT B 2 4 Ol B B 0 i 2 6cH - S FHIBM
INFEIEEFERYSPSS 2077 A7#ikAS - FHQuantum IV ERFTe 2 IEAEIRAGH B S8 (Fat-free mass, FFM ) JyficéE
B S B ROEITARIEEER AT HOERIZ P [OlER 73 AE » p2 B <0.05 » pEaR M El =R =0(1) -
HZ8yHorllEa5E (H) - BSiREREBMI (Body Mass Index) ~ %@ ELEIHE (R) KASE (W) »
TERD) ap ~ ay - ay ~ a3 Fea, BEEF TS EHAVEE RN KBS EREEBERNHQ) -

2
FFM =a, +al(%)+azBMl +a,R +a,Wt (1)
BMI =Wt/H? @
B RAR

-~ RFT LR

AETEFTERHRILA SIAT AR EALSE FsQuantum IVEY TR - B R 25 8 IEIE L 2N fED)AE - HEM)
TR E G T e - RS TIm R RTE R RS/ NPT - R =N EEEER (V+) - £
MATFHISS—EEBRAER PERRES - EAERER (1+) - S—hRATED - A RAVEBATERNE
ERPATES - (LM AR ERERERR (V-) - A A5 —(E BRI E R e SRV IERT T - Hh Ry B e (1-) -
HE AR B LLATR © [FIRHERC L AR A A2 B BRI A S P P ol SE BRas i k. BHEBIA
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RS 7 BERS S R HIRH Y B BG4 AR EE BIRA (ViR L2 8l - Hrh e RERnAHS - JRAERLAHAR - JFEaHEs -
eHa/KE - YA E/KE S AR M EK 8 R HRIE - £ Quantum IVEY I EEFT R i A Bl tH
S BANRLIFTEUR © MEH S S & ELHRAY RN > alRBIABRR T BB EA T » 720 il K Bais 1T
BIEHANEL12FTRTS - DUEGRFIFHR SIS R RATEN - B ATMHERN &2 &k - HEEDHEIE
WEME TEK - JEHITEATES S BEREZBHTUESTVER S > H2Btassy - 545
AFEEM - 5FE - RS 2R - £ T8 - G - ETE6M - GHR - TS AR EFSES
S ER D AR E IUR B A UIUE - A B2 B B & B 2 SHE R AT R G T M B AV IR A8 &
FHVERHETEE S AT - B HBUENSWFR2FTEUR » H o eEIH K BT R MRV HEE R 0BI R 22 1KER A -
FEATIRE Ry 0. LB - iy S MIRH (A Ay S RO 590 » LA IEE Ry 0. 118 o 2T #1264 ERH 1 Ho i ] e A

73 FyOB A 2 1. SKER Y e+ 0. 1K - LR AT BRI /8 A SRR A ARGt -

# 1 Quantum IV & 45 R » = & 1 $38

BMAZSE Bfr S8 Efir
B, BeEE, 8, MR cm,kg,year,large,medium,small Fat kg, %
E& HEED cm fEAslE S (FFM) kg%
ik cm EREE (LDM) kg%
SHED cm NGRS KE & kg%
(TBW)
IR mmHg HHiAE P 7K EE B (ICW) kg,%
ETARER mmHg RIS MK B & (ECW) kg%
H4FE D ng/ml FEHT Q
M LIMAT &N % aht Q
HEE [ i mg/dl rE degrees
H =Mk mg/dl EEPHPL Q
SEEREEA mg/dl

R EREEN mg/dl
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%2 Quantum IVA 5 & £ B3R

HE FEMTRE
PHHT 0~1000Q +0.1Q
i 0~1000Q +0.1Q
A 0~90° +0.1 degrees
EFHPT 0~1500Q +0.1Q

///%Aﬁ%~ﬁw/// ;
-f% | tkamsa |

v
LRSS §H 0, =135°%A8(d)
T SIS el
{# FHRIL e 25 T
BA Y [ amra |
7
TR F 5181 6, =180°%5(e)
T o AR T
SHETEH %A () 3
Rl Y e B R | kams |
3 7
| kmmoa | S8 0, =457 L5 (D)
7 £l CAS AT T
B} 6, =45° ZAE(b) ¥
s 2 B U | emsa |
3 7
| PRI o i | S} 8, =135°%:85(g)
) R R BT
b1} 6, =90° ZERE(c) ¥
B BT E | B |

5

W12 ¥ s inieH
= NP

[E 128 R BB IR B 2 MIESSH R EAE R SR ~ i B & BB NRRR L > ZERE R
IR A T Roa e b o B A Quantum IVEESSHI & HAZAEIRAETE B E - MR A B EHHTEN
B (BB A SRS b H P REE AR AT CE A R R E 1R R E TR M - k@)=
(O)ETTER - FREEHIBIE PRI ZMETH 2 EBCR RS - MEEZEAER FR R ERF0OZV)
FREA [FI R B Y B RE(E - FRFQuantum IVEEES AT E1SHYEUR o AR S MBS M (B 2 e 22 6 A B
HEATREE L - M EERENE10(EERE - &0 oG H P EafEs5 8 WE5E -
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R

Z S F IR AT AL P B Al &R BT AE 1A EER - AEE R A 35 B BB S
FHRAIE23.15% - RIFUNZHHEABNER - B4R ITEURZNELERILES T E S0 PR EE
{E%YR50.65kg - RABURE NSRBI EZ PIIE AT - R EHHASGRUR A FREEE - 57 5H

() 2 (v) TufE@E - mZEMS L N EERZS - 2RIHE)EN(9) - RISABUREEA FEE A
[EIZERE N HYFT R P (E AR - iR AT HRPI-RTI (v) HEBEEPE N HA S R BEIHAE -
ATREEL A MR (E A TR RS A RE - B HBUEE RA KRR E SRR AR ERE - K ERZERE) LR EH
1357 Fz(e) b e = i BH TR B By G =2 SR 180MEIRRS - HERFH (E R H A BE MR ARAY A - 15 T RE B = B L (e s (5
SEHDTEAFTIER -

W13 £ ERTEP 2 FH AL ERRY

3 ¢ E42 FEIFFM2 Aa Rl

Year Height(cm) Weight(kg) BMI RJIL_FFM
23.1+1.10 171.19+6.15 68.23+12.88 23.26+4.17 50.65+6.77
34 2 FELZ FEZTEREEL TOEHHREL
(i)LPI-RPI (i)RPI-LTI (ii)LPI-RTI (iv)LPI-LTI (V)RPI-RTI
(@) 615.47+65.76 361.92+37.96 340.06+36.79 340.61+36.59 328.83+35.22
(b) 679.39+75.37 397.69+42.27 373.93+41.94 374.31+42.04 364.09+40.48
(©) 698.95+74.22 410.25+41.73 380.05+41.90 386.22+42.15 375.74+40.58
(d) 711.34+74.36 418.53+41.69 394.50+42.16 394.61+42.43 383.62+40.96
(e) 711.51+74.91 419.70+42.23 397.14+42.36 397.12+42.64 386.33+41.74
(f 627.35+76.95 368.16+43.93 348.91+42.12 349.27+42.39 339.24+42.29
(@) 619.89+67.45 369.47+38.48 345.27+37.86 345.44+37.87 334.00+36.56

BT ARAEFFMBRLE R [F] 8RE 5 A [F] 1 B P LAY EE R U (B #E 1T 2 B R mliR oA L [mIERARRR MR
15 R B R EIEE (D ] (v) IR e A R F e E(0) - S Buiss s Arssrra H R
BMI -~ EHIEH (R) KAEE (Wt) - &E[EEF TS EIFFMAERE « Hr ~*0ysEac mprE R 2 8 Laff
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B > AEAIRPI- LTIEY (F) it Emprears HY/R - BMIZESE (WO - i () FESEABMI 1
P (R) RfsE (Wt) -

FHF5 P BB IR B B RPI-RTIN » (5 EIFFMAYE(E > R S BB ES - SR R A A %8
B5(d)(e) A5 2 FH 136 R 180 » HFFMEELY R® M L 58 by i - LSR8 R (RS » Pt
= FEME AR M E 75 B -

%5 HWHREFFM2 P E L2 B2 5 REYFAenip ML
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