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ABSTRACT

Objective: The purpose of this study was to find the level of physical relaxation of individual
subject by monitoring psychophysiological biofeedback to different types of mattresses. And, it is
also aimed to find a protocol to make a selection of the best mattress based on the measured

information.

Method: Total five mattresses were tested in this study. After measuring the elasticity of the
mattresses, they were sorted into five different classes. Physiological and psychological variables
including Electromyography (EMG), heart rates (HR), oxygen saturations (SaO2) were used. In
addition, the peak body pressure concentration rate was used to find uncomfortably pressured
body part. Finally, the personal factors and subjective satisfaction were also examined. A protocol
was made to select the best mattress for individual subject. The selection rule had for the

protocol considered all the variables tested in this study.

Results: The result that psychological comfort range of 0.68 to 0.95, dermal comfort range of 3.15
to 6.07, back muscle relaxation range of 0.25 to 1.64 and personal habit range of 2.0 to 3.4. Also
regression model was developed to predict the biofeedback with minimal use of biofeedback
devices. Moreover results from the proposed protocol with regression equation and subjective
satisfactions were compared with each other for validation. Ten out of twenty subjects recorded
the same level of relaxation, and eight subjects showed one-level difference while two subject

showed two-levels difference.

Conclusion: This regression model can be applied to the mattress industries to estimate back

muscle relaxation using dermal, psychophysiology and personal habit values.
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1. Introduction

1.1 Background
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2. Methods

2.1. Hypothesis and Procedure H&74d U HX}

Yu et al. (2009)= 28 =, o, MaEStE JHRAIEY dEXAL MEYS FFoIH HoldLH
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Selecting mattresses - Classification of mattresses based on strength

Measuring psycho-physiological relaxation -Measuring EMG, pressure, heart rate, and oxygen saturation
Data analysis - Analyzing correlations between variables measured

L - Establishing how to select a mattress through physical
Establishing methodology to select a mattress

relaxation

Proposing mathematical equations - Regression equation using Back muscle relaxation

S o ) - Comparing estimated results of estimation equation with
Verifying final estimation equation o ) )
subjective satisfaction

Figure 1. Study flow-chat
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Table 1. Information on Participants (N= 20 male)
Age Height(cm) Weight(kg)

Mean 27.1 167.1 66.2

SD +6.4 +7.2 +184

2.3. Design &8 A7
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Table 2. Independent Variables Used to Measure the Comfort of the Mattress

Measured variables

Definition

Electromyography: EMG Back muscle relaxation

Decrement of muscle activity before and after using

a mattress

Psychological
Heart rate: HR

Decrement of heart rate before and after using a

comfort mattress
) Cardiac Increment of oxygen saturation in peripheral
Oxygen saturation: SaO2 . .
efficiency vessels before and after using a mattress
Dermal The ratio of peak pressure to mean
Peak body pressure: PBP )
comfort pressure when lying on a mattress

2.3.1 Private property survey Q15’4 HEXZAt
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Table 3.Questionnaire for Likert Score Regarding Personal Experience and Preference (Example).

Strongly ) Neither agree
. Disagree . Agree Strongly agree
disagree nor disagree
) 4) ©)
(1) 3)
(1) I like a hard mattress. v
(2) | have felt pain in the back
v
while using the mattress.
(3) I like a soft mattress. v
(4) | feel pain on a certain part
v
after using the mattress.
(5) | have used or use a rather hard
v
mattress.
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2.3.5 Pressure concentration in PBP M 2X(PBP)E O|8%¢ &3 TEZ
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2.4. Equipment A& ZH|
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0, LHE0| S0{7t= Ao Chst Z=7F SRUCE Ol OHER[AS 7to| Aol X}0|7

2 Lot 7| QShM, SAOIM KM o2 HMZEfe HS §7|§ AHE3H0 2 HEZ|
ASTM F1566-145 =45}
(p<.01), LSD post hoc test
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Ch O Zah, HE2|A9] BE= R2|OISHA CrEA LIEHR
AtE RS [o|05HA CEAH LIEFRCHp<.01) (Table 4).

2 rlo m:

Table 4. Results of ANOVA on Mattresses with Different Strength

Source Type Ill Sum of df Mean Square F p-value .
Squares
Mattress 15463.161 4 3865.790 221.268 .000

Ol8HA sAXc= wolgh X017t A= ZF UHEZ|A0| Ciet Z=&2%|E H|WotRAch 1 Zat
mattress 30| 7t& EHERSH OHEZ|AZ LIEFG, mattress1, mattress2, mattress4, mattress5 =22
7t =2 AS & = URULE O|F CHA] 227 =2 2= a, b, ¢, d, eE2 MEFSIIALCL Cf

Of2i2| Figure 20X EXO| 158 mattress| XXMt 143322 DHER[A FO|M 7tE Filsot

HUZ =REJALD, 355 mattress®| B 4t2 31442 7H CHotot Htiz =& =ACH

Matress | Max valve - :"::‘; angto| M e | L

Mattress 1 1433 Amattress 3144 5 Hardress s .
Mattress 5 2535 ’ B mathress 2768 4 g —
Mattress 2 2768 C mattress 2535 3 . o

Mattress 4 2164 D matiress 2164 2 "

Mattress 3 34 E mattress 1433 1 Softness T asRicens st B

Figure 2. Mattress grades as per strength

MyEiAte] NalgEH NS 5Fe| A DHE, MYRET|, HuAMAED) TS

A2 SIRALE (Table 5).



Table 5. Equipments Applied
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2.5. Experiment process A
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2.6. Analysis for Body fitness assessment
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Figure 3.Bio-mechanical principle for selecting a right mattress.

CESH Table 62F Z40] One-sample kolmogorov-smirnovZA& S Edfl, =9 HE3E Xt=2o| ¥3}
= 4BoIRAL
Table 6. One-sample Kolmogorov-Smirnov Normal Distribution Verification.
Back muscle Psychological | Dermal Personal Cardiac
relaxation comfort comfort habit efficiency
N 20 20 20 20 20
Kolmogorov-
. 0422 0.722 0.694 0.909 1.790
Smirnov's Z
Approximate
o - . 0.994 0.674 0.722 0.381 0.003
significance probability(two-sided)
Normal
o Yes Yes Yes Yes No
distribution (Yes/No)
MAO[RHS LIEtU= Bl HESTE, 2N O|2t:, 22| 0ItE, Hilo2tz)et JhA=-80
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3. Result
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O|E 0|2t A|IHAZE = U Ot REYR MEZ(ATF BRSOt TESta of7|of 433t= OHE
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0.51~0.79A0|= 4=9%], 0.79~1.08At0| &= 3=%|, 1.08~1.36A0|= 2=, 1.36~1.64A0] |2
LFEFRLCE

3.3. Result of Psychological Relaxation in HR d%=(HR)E 08¢t M2|H O|2t: FF AL}
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3.4. Result of Dermal comfort in PBP M| 2=Z(PBP)E O0|2% 1| ¢ HUFE
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Psychological Dermal Back muscle Personal
comfort comfort relaxation habit Mattress lovel

0.68 __ low 315 __ low 0.23 __ low 340 _ high ____ A Hardness
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073 | 3.74 | 0.51 | 312
4

079 | __ 432 | 0.79 | _ 284 |
3

0.84 | 490 | i08 | 256 |
2

089 | 549 | 1.36 | 2.28 L
1

0.95 L_ high 6.07 L_ high 1.64 L_ high 200 L_ low — - Softness




Figure 4.Psycho-physiological variables and mattress grades.
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oHE, MY, 7HEE, dEfsE 0830 AEXIO|A St= HEZ|A HEE FHS= X7 T
=StQUCt THef, oM MAIE ML i MUS Wt =S el 2/E, MY, 7HeE
2 dEteE S0t MAIE S0 QoM AFEARS] M7t 0.81, MY 4.02, 32| 2|0t
0.99, /fel&sd 298 O[2tH, X[#S2 BdsS M 2T MEZL 4= ES ot= AO|Ct
(Fig. 5)
Psychological Dermal Back muscle Personal  Physical final score
comfort comfort relaxation habit for best mattress Mattress level
0.68 __ |ow 315 __ low 0.23 __ low 3.40 __ high ﬂ ————— A Hardness
5 5
073 | 3.74 | _ 051 |__ 312 |

079 | 4321 079 | 284 & —_— _
- i ] % e
X3 : ?

0.84 490 | 1.08 _8.3 2,56 |
2 2
089 [ 549 | 136 | 228 |
1 1 :
095 L_ high 607 L_ high 1.64 L_ high 2000l low — 879 n— ——— i softness

Figure 5.Comparison between physical relaxation and mattress level (example).

3.7. Compare of Relaxation index and Subjective Satisfaction 4IM[0|2tE X|&EQ} FHH oHF
E &9 Hu
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Z
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Figure 6. Comparison between physical relaxation and subjective satisfaction level

3.8. Mathematical Prediction $=StX 0= Al EbM

§M ot SYLA2 A8 HY5IH S22 0l SEUM HAzE DR 58 FHE F
L7 E0, AEAIS0l ARES =AL, ofde 39 585 ARY & Ut oo 53
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3.8.1 Correlation between Waist muscle Relaxation and Physiological Psychology variable 3
2|2 olt=et Zt ME|ElH Hapto] dEEN

O E2| A0 CHEE S{2|2S Ol el 2 d2|de|X H7to] MAE metstr| s SPSS158 At
2310 spearman Q%ﬁl—?—% AESIRACE O Zat Table 70AM B HEQt

20| 3j2|2F Ol
oF YHYSE(rs= 581), tI2|1H OJ&E (rs= 580)2F HASH(rs= 52001 X2 =2 4
£ A= LIEHEC

Table 7.Correlation Analysis with Each Variable. N: subject number, (): significant

Psychological i . Personal Back muscle
N Dermal comfort Cardiac efficiency ) .
comfort habit relaxation
Dermal comfort 20 -() 653 (061) 0.170 (408) 260 (483) 581 (063)
Psychological comfort 20 653 (061) -() 110 (574) 349 (475) 580 (051)
Cardiac efficiency 20 170 (408) 110 (574 -() 377 (:687) 454 (689)
Personal Habit 20 260 (483) 349 (475) 0377 (687) -() 520 (061)
Back muscle relaxation 20 581 (063) 580 (051) 454 (689) 520 (061) - ()

B0l 32| 2|02t 2N O2t:, YHAUSLE, MeISY 3712 SB35 HAE
oM CrS=lfE4E St 2[HAM Z= HEHS =0[7] floiM FHE+o
PSR %7t SEESO 23 “E”EI"7PE L+Ef ?

L
S0 =9 US 10M 47X XSS o AO|Ct



2 TOIRACt (Table 8).

Table 8. Process to Increase R? Values (Example)

Square Back muscle relaxation
Dermal Psychological personal . Standard error of
comfort comfort habit a Adjusted R? estimates
1 2 1 .389 0.237 1.236
2 2 1 .384 0.230 1.241
3 2 1 377 0.222 1.248
4 2 1 372 0.215 1.253
1 4 1 512 0.262 0.806
2 4 1 401 0.251 1.224
1 1 4 345 0.181 1.28
2 1 4 342 0.177 1.283
3 4 4 .363 0.204 1.262
4 4 4 353 0.191 1.272

Table 99| 2 Q42 HH

AHIMUSTT, ME|H O|2Ax, JHAEE N 7He| EEHsE0 £Y
| A7l R2= 0512202, S5 H &

g s
O 522§ 0|0l BAZ 512% HYetn QUL

Table 9. Result for R2Value

R® Adjusted R® Standard error of estimates

0.512 0.262 0.806

S2[Z |02 287+ R®= 512 0f O CHE2(H4

rlo

4 (5)at Z0| FSHRALY.

Table 10. Result for Coefficients

Unstandardized Coefficients
Standardized Coefficients t p-value
B SE
constant 2.077 1.172 1.772 0.1
dermal comfort 0.504 0.184 0.560 2.741 0.017
psychological comfort -0.003 0.002 -0.335 -1.649 0.023
personal habit 0.178 0.373 0.098 0478 0.062

Y(BaCk MUSde Relaxation): 2-077'*'0-504)(1(Dermal Comfort)™ O-OO3X2(PsychologicaI Comfort) +0~178X3(PersonaIHabit)(5)

3.8.3 Compare the prediction estimation results and subjective satisfaction G4 3% Zutet

FEH BEE 29 @
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Figure 7. Estimate results using the estimation formula (of back muscle relaxation) and subjective satisfaction
level compared.

4. Discussion = 2|

2 AToME Aol FHS O LS MIMEN NSS 7to ojES HTHS XD Ut
AE Forwd, O/F Sst0f HAS0| Aol HEZA MF=H U0 WYH =72 A8
4 XS MO =EH WHED SEF o542 HUotH ABE ZFEA g3,
2t ME|MEEATto] BIE MEEMY T SHES oot 2ol Halstct

52| 20|24 EQt LHESE Ol A= rs=0.5812 Kovacs et al. (2003); Vanderwee et al.
(2005)7t A5t HEZ|A0 S22 I &2 SEEER7t Hi7|X| Y245 HOHEHO| Iz F
L|

LBE=T= Lo
SN R Ib ZORRICH= Zet FASHA| LEERSECE

2| 20|22 QF ME|X 0|2tz o A f= rs=0.5802 AZ|H2Z 0|20 Zk|= OjEZ|A0
S22 M, e oK AL 2 LIEGCE O|= Bader (2000)7F Atoh HOtSH OEZ[ A0
FHE2 W MEFETE HOIZICHE Z0keE FASHAl LIEFGE 2T Shim et al, (2004)7F A5t AER
A7 Ho™ plETF HO|ZICHE ZIfet 20| H2|2F0|t0| AE A0 2 O|X|= AR



Lee and Hong (2001)& XCi AFE AlQ| AMEt ol CHEE MEHZEAL AHO|A 10CHOIA] 70CHE
o2 DHEZ|AS| FHY, AF0| 2o YL S0 Chet d2XAE S0, TN ottt
of CHet =st™ O|FAI(R? = 058002 MAISHRACE 1 At BHEZ|A0M HFEE BXNF= =7t
2 FLh 203180 & AFME 374 FHE SEl2|0|dE
QIE HRE 2 Zi T2 UHEEo HuHASES A RARRH 20tE
A ZEof metM =HOIAANLee and Park, 2006; Tsai and Liu, 2008), &2
(Nicol and Rusteberg, 1985; Peter and Avaliono, 1998), =|At=(Higash et al., 2003) Sehdelds
(Kim et al, 2011; Kim et al, 1997), &l8==(Kim et al, 1999) 62 A3t +=Ho| g WLtst
UK, of2{et HH2 LHHMOIM ALESH| HX| YD dHL=E 0830 ”O*Xﬂﬂ AHE517]
A 2E2E HMASks A= OH|H HEHOICE Olof & AFOoM= HHLU=E 0|8% +=
DEAZS MotstYen of REAR XMOA X @ie HEZAE
2 QUCt=Gl Q9|7 QUL d2{L} Defloor (2000)2 A0 &= +=H 7(H\loﬂ et SEeol o
2tX|0, Bader (2000)= OHEZ2|A0f| ZE7F ROl ZHO| S DAL SFRRALD Kawabata and

Tokura (1995)2 SAICHo AZE ACHolA 8 Ao 1 Atjel ZR0| Wt A4S TS At
HI 2O TS @&O| CHEA| LHEFSEOD, Addison et al. (1986)2 D{E2|~ EF0| 200l @olo
2 NBICHE AT Zmpet 20|, B2 9RH 9ol a% So2 3 31 0jF40 HHNS

=0|7| fIsiM= o 7HX| H5S 243foF & AO|L.

5. Conclusion

2 AROME ANOIE EE HHAS SHM MY LS MYSHs YHES HOSHAC
2 TN AFSE MEMElH W4 U MBT MY IHe ANIHN XBS WH M «
S ZyMoz MYBIIGHEM ASH 4 US HOE UENICL £ ¥3 o2 WS of
£ oBE0|T SAIN YHOE Wrkser ATHL Ha
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7 =

i |
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