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BRI U7 B R & D -

P B, A
TR - UL I I

EE

AFFEDOHWIZ, FV T =TIV EHWIZESMEAZ 7 v b (partial weight-bearing squat: PWS)
BT B OHEERNO MR SN B FEIZOWT, &fEAZ 7 v b (full weight-bearing squat:
FWS) LR L THEMIEEZHL I EICX), FHMEZRETLZETH o7z BEAERAL 20
HEXRIZ, WERAEEERME (ventilatory threshold: VT) ##tEfk, F )V b 7F—7 0 (EFEHAE : 30°,
60°, 90°) MW TIHFHDOZAZ 7 v b (30° PWS, 60° PWS, FWS) 128 A2#i5mbB X OO0k %E
RHIILEEEB L7z, 227 7y M& T ¥4 AI2%1000 (20101/5) S5MFERL7Z. A2 7 v MBI %
HEE (oxygen consumption: VOZ) &, VT b FELREZRD, KIETH 72, PWSODVOZCiFWS
W2 T60° AL T11.3%, 30° MEFHY T26.9%MK & 7. VOZ, RS E, OiaEE, FWS, 60°
PWS, 30° PWSONHIZH B e % iR, Ko7z, MREIE, AELZAEZROT, ERHAEOBKIZH
W IR E A KT A AN E R L7z, PWSIE, VEBRECH D, EFHGERKICL 250
M RUZEED VBB DM EN 2 BB A TR E 22 WREZ AT L L E L bN.

F—T—F WM EAI Ty M, A7 Ty b, FNIT—TN, BEHEE, BEICE

Physiological response during repetitive partial weight-bearing squats using a tilt table
in healthy male adults

- Oxygen consumption and ventilatory response with changes in tilt angle -

Masahiro Hirano, Hiroshi Nakamura

Department of Physical Therapy, Faculty of Health Sciences, Ryotokuji University

Abstract

The purpose of this study was to examine the feasibility of partial weight-bearing squat (PWS) using the tilt table
that quantitative criteria to reduce the load on the cardiopulmonary function of PWS by comparing with the full
weight-bearing squat (FWS) . 20-healthy adult male participated and performed repetitive squats on the tilt table
at three angles (at a 30° tilt: 30°PWS, at a 60° tilt: 60°PWS, at a 90° tilt: FWS) after determining the ventilatory
threshold (VT) . The order of squats was performed randomly and for five minutes 100 times (at a rate of 20squats/
minute) . The oxygen consumption (\'/Oz) during squats was significantly lower than that at the VT. The \'/O2 of
PWS was observed 11.3% lower at 60 © PWS and 26.9% lower at 30 © PWS than \'/O2 from FWS. The \'/Oz, minute
ventilation, and heart rate were significantly decreased in order of FWS, 60°PWS, 30°PWS. No significant difference
was observed the respiratory rate. As a result, the squats showed a ventilatory response in which the tidal volume

increased as the tilt angle increased. PWS has lower exercise intensity. Therefore, the results suggested that the PWS
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has applicability as an exercise intervention means to adjust the load phased and progressive based on the advantage
of ventilation with the increase of the tilt table angles.
Keywords: partial weight-bearing squat, squat, tilt table, oxygen consumption, ventilatory response

I. B&

T E AT S ORBICLELRRNEB R MM A R 25 L, AN, SotiE AR, '
SAERIMEY, IR, BT AV F — R EORDY, MENH ORI X 2 5 Ok L Bk o R
b2 2805, $72, BURHRABEEIGEOR T ISHET LY. 20720, SHFEICHT 5 TRl
AR 5. Tz, EPERETOEREGHA SN T2 MMACL LI NE) T—va Vg, B
BEREEZ X D B BET 2 DICZRTD I EAURENTVAY . DX HIZ, RELRGHIC L B E0HER
FHL, BEEZWRMNELTE200RMOME L EFHHPEEL 2 5.

Rglo@Esi ALEE LTI, v b d#E a5 SO #02E (belt electrode-skeletal muscle
electrical stimulation: B-SES) %', (AL EKBEIRI L)L T X — & E B A H 5. T 72, MEGHEIT
WEDRLEFHANOM ESMHFETCELIREN LY FIV (FAEEBRERGH MLy FIL) 27
BB TR E 2 vz MLy F IV (body weight supported treadmill training: BWSTT)
2 %", B-SESRMEMBREI I TV T X — & XM F LT COMMICBVTOHMTH 525, HE
NI TOLEER L I3RS, 72, MLy FINVZKEITH L7200 HEIME L, PiEIRS % MY
LA ELINMPRELHTHL LR L, WISKESHEE LD, ZOXHIC, e Al
BEAZTF BB 25, BRIZBWT, STEBINFICRITHR 2w L Xy F EEH UL L 2 ) EER
HHEETHL L, WEEHAETLIHAEOREING. Z0720, lHOFE VAL TH U 5 A O
2D oD, PEINFEIC L D EVEBEY TEEN AL LEE SN,

INEYTF—2 a3 VIZBWTC, TV T =7 VEHEEE A L TB Y, ERAEOZLEIGH L7zih#E
WKHweNS, 72, BHHRBREZ I L L LBRFER A EER SRR & 02Xy FAS
oI EnH, WEEHEZ LOOHNBIOEGRANN EZBNE L2GE00 AEE LT, E#HK
PLZHER L, VALEEAMTETHL A7 Ty MEEIZER L7z, A2 7y NI, PSHNETEETH D,
GBI 21557207217 T <, 70 —{HEZENSE, FHEBICHIRE S 250 AL LT—RNIZHY
LN, BEHANIIMRAMPOEAT LI EPETE LD, WEZA L, EAMELZHETL L
TEREM BB R ENWRE R F IV b T — TV HwE I L L, Shb kY, BB AOSEELTTF
VAT =N ETONNEE RN TH HERGMEA 27 7 v b (partial weight-bearing squat: PWS) %%
PIIC R 2 5 & EM L7z,

INET, RV BT 2 ZEF 72 X IRBT AT R O R BRI 2 SR 2 R S h
THEY, BADRA I ZZLOHEZOVTIE SN TR T2, BIREEN O EEH60° i DY &,
ARMELY LMATHEOBEN LR BB I EPRESNTVEY. 27Ty MHOFKETOFFECE
WU, ROEX D B EOTERPGER P OBRAIS B RN E I EPFH SN E RS TW AT, PWSICHL
T, BB R A2 Ty b RERT 220 EFFRET RNy FOMMRY, TRICHEBZHT 288
NG BMEFILIZATA T4 YT R=FEHOIRHWAZ Ty M ETRNT 4 —< ¥ ABROWEDD %
B LA R DG & B O MO WT, N—T7 A7 Ty FOHEND LD, FNVETF—T L
x 72 EFHE LIS B 2 PWSOAB IR E SOV TIMEAORMAH 5. FV T =TV x w7z
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PWSZ A AIZBUF % BB L0 BINL & 32 720121, BRI 2PWSOF B L MR #H 04
AN E LR L CB P REE R L. T/, WENMAZRET L ICH720, SERAL AL
HTHAZ Ty b (full weight-bearing squat: FWS) 12l L T EDOREEDEBRE TH 5550123
LUEWDH D, F 2T, AL TIEIAER BT 5O TE~ O AT 2 K3 5 & L TPWSD
ABENIREICOVWTHET 22 & & L.

AWFFE T, BRI = (oxygen consumption: \'702) BB R OIREE & L, A MEVESERE (ventilatory
threshold: VT) $FWSH & 0PWSOVO,% ek L7, FWSZIEH: & LA-PWSO B ALH S h 2 FE
JEIZOWTHE L7z, £72, PWSOREE LT, HRAEDENIRLK DX = X L5 2 58I
HENMTTCHFETALZIEEL. InbiX, PWSIZBIF AR OBFIZHRTDL, UNEYTF—3 3
VORNATFEEERTILICHEGTLURELAET 5.

I. B&Y

AWIEDHBYIZ, FN T =7 V% A0 72PWSIZBT 5 OHiHERE~ DB AR X A REIZO VT,
FWSE B L T AEELZHEL 2 LICL), AHEZMHTL2ZETHD. ZD720, FWSEPWSD
SEBRIE 2 VT L LTI S AT 5 2 &, FWSZJEHE L L 72PWSOVOAMEI £ N 5 B2 B & AMC
5L, PWSIZBITAHEAAEI RGO A D Z A LIZH 2 A B ERFTTHIEDIDICI VKL 72,

I. %k

L, BB AR OREE A B 204 (i 21-231%, F&: 1716 +57cm, KE: 66.5
+89kg, Body mass index: 194 +24kg/m®) T&H - 7-.

RN A I BT 2PWSIX, BEAFFEXF UV b7 — 70 (OGH MR8, UAB01-S2) % Hwv T35
Mi L7z, PAEFEERTIE, ERHAEED30°, 60°, 90° IRk ESNI2TF IV T — TNV EHWIEAZ 7y b
OVOAVTE FHZ 2 L 2 AL, TR0, BMBEIHL, EHEERRE72EVTICHET 2 T
DM EE) AR FEhE L7212, A2 7y MEMEROBLFEB SO HABEENE T e L.
BEMRRB LR 7y MEBIE, SINE K25 ORAEB XM LVWIIEERYEZ 8, FEii
L7z, VAZEBZL, EfaaaEomd k% & L CTAmerican College of Cardiology/American Heart
Association (ACC/AHA) 2002guideline (2 #42 L 72"

VTO#flEx, HizHE )L I X —% (COMBL WELLNESS #:#, 7o/ Nf 27 75XL1), FRF A
SATEEE (39 MEAHEE, AE-300SRC) (2 CTBreath-by-breathiki% v CitkGtim A sl L7z, F 7z,
CM5RFEICTLEK (HAGHEME, BSM7201) 2B L, AT EB) R B L JhE L7z B R
i, Rumpf# (20W/min) % M\ CRHML, MR £50~60 RPM & L7z #lEH HiE, VO,[mL/
kg/min], 4rFFf4E (minute ventilation: VE [L/min/kg]), MW# (respiration rate : RR [frequency/
min]), &A% (heart rate: HR [beats/min]) & L7z. VT, BSEEFRZE2412 X 5 TV-slopei?:
T L7z,

A7 7y b OEMERIREORHNE, VTHIER, WEMIZT, 35U Lo o R KEBIHD:. X2
7 v MOFEE, BERAEEI 1B AFWS, R EEA%60°, 30° 1251 560° PWS, 30° PWSO3f#¥H
L7 A7 7y M, REBRICAELEIREE U, BEBER A M ICBEG O LD A~
ABVEIC L VIIE L MEOREE VT, VO, VE, RR, HRZFML7. 5Essscamm
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DL, 2018]/53 OFEBETI0M DR 7 7 v + &5 MFER L7z, A7 7y ML, BERRZE L 372012
FNV I T—=TNVEBMEORIIAR) ZF L — M2 ALTHEMLZ., BEE, HEHERETLIILIC
Lo T—EDY ALk L7z, £A 277y Mo, ki C3nM e Lz, 2LT %
g O & EHH BRI R - 722 L 2R L7k, 3OOMBEOR 2Ty V25 v FAIZERL 7.
KRBT D A2 Ty Mg ERNIRT.

WMEMEIEE, R281%Z MM L7z, 4TI, A2 7y MEBNIBIT 5 REO25 HOFI9ME % H v
7. VEREEMIEZ L7, FWSEPWSOEBHEIXVTIC B 5V0,& FWSH & OPWSHVO,IZ D W
T, FWS# I & L72PWSOVO,AMEIR & 2 FLEIZIVO,I2 DT, Shapiro- Wil T IF Bk % fE 28 6
Mauchly@ﬂ‘ﬁfﬂl\%f“f«ﬁﬁ‘f’i@ﬁ%G:Ol/\ THEFR L, Greenhouse-Geisser® ¢ BI1EIZ X A3 &H 5 —IC

ST AT 72, ST CAE LR RD, FREIED 5 N34 12 Shafferi: T% & ik
E’%é’%b’lﬁbf: %72, FWSHOVO,%z EHALL, FWSIZH ¥ 260° PWS3H X 00° PWSOVO,nEI 4 % 5
W L7 PWSICBIF A EBHEDAD A = X025 2 555803, FWS, PWSHE: LB iREE 12D
W, IEEYE, BREEOMREICOWTHERR L, Greenhouse-Geisser® ¢ 151E12 X AxF 0D & 5 — G E 55

BT 24T o 72, T CHERAEZ RS, ERRHFD 5N 7284 12 Shaffer i T T ILBHUE 2 9
L7z b, ARAKEETNTI%E L.

B1. 277y bNh&
a. FWS (full weight-bearing squat at a tilt 90°) : &M E AZ7YN, b. 60° PWS (partial weight-bearing squat at a tilt 60°) : 60/%
A B AZ TR, ¢. 30° PWS (partial weight-bearing squat at a tilt 30°) : 30/ 043 T A2 7wk

V. GIEHNER

ARWETRIL, THESFRFOEMHEEERZAS UREEFGT 12634) [CX o TR, "NV Y YFHEFIZ
Peo THEML . BMBE~NE, FANIHEO B L HEZowWTHoRBHZE_RL, FRICST 57
DOFMIC L ZHBEEG. T2, FARROEL BT L7

V. #38

2277 v b (FWS, PWS) 128132 4EFFZHEEDORREEITRT.

FWS & PWS OEBiREIZOWT, VT IZBIF 57 V026i1832i298 mL/kg/min TH-72. VT &
BREFMEICLEZ ATy FEBIIZBITS Vozwrts.*f“ IBWT, EREEED 7 (F(1.24, 23.26)=210.70,
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<0001, #°=087). ZHEHEDOHE, VT & FWS OMICHE %% 80, VT O D - 72 (¢(19)
=12.76, d=4.00, p<0.001). VT £60° PWS & 12 # & % 32 % 2, VT O A 5 > 72 (1(19)=14.32,
d=469, p<0.001). VT £30° PWS DM IC A & k% e, VT DA E H - 72 (6(19)=1823, d=529,
p<0.001).

FWS % 364 & L 72 PWS & VO,2MER S A REEIZOWT, VO, 277 h B 515 2 HaH
FE D HHZ B\ TR % 0072 (F(2, 38)=5947, p<0.001, 1°=039). S EIELOKE, FWS £60° PWS
DENCA %% B0, FWS OfEASE 2 - 72 (6(19) =5.60, d=0.80, p<0.001). FWS &30° PWS 0 4
BRERED, FWS AR - 72 (6(19)=942, d=181, p<0.001). FWS IZx¥ % PWS ® VO20 #4413
60° PWS %887 £88%, 30° PWS #3731=108% T - 7.

PWS 123513 2 B EAHRGAD A 7 = X 225 2 B HBIOWT, VO,id, FWS %34 & L7 PWS
D VO,DIEH 2 B RIEIZO VT ORE L FHETH D, 60° PWS &30° PWS D IIZA B 2 %% B0, 60
° PWS DIEAE A 72 (1(19)=6.29, d=1.22, p<0.001). VE X, A2 7 v MEBIC BT 2 EEHE O I
BUWCERRZ B 7 (F(2, 38)=44.24, p<0.001, 1°=028). % EILE DKL, FWS £60° PWS O B4
WA BD, FWS O D - 72 (1(19)=4.27, d=053, p<0.001). FWS &30° PWS O RIc A & 7% %

B, FWS DA E - 72 (1(19)=8.17, d=142, p<0.001). 60° PWS & 30° PWS 0 [E112 45 7 7 35 % 3
60° PWS OIEA A - 72 (¢(19)=5.73, d=1.02, p<0.001). RR X, AZ 7 v bEE BT 5 HEFHGE @kl:%c
ZBWCERR A RO LD o7 (F(2, 38)=033, p=0.716, n°=001). HR X, A2 7 v bFEBHIC BT M4}
15 DB BT ERE A B0 72 (F (162, 30.75)=87.07, p<0.001, 1’=015). % EILE DL, FWS &
60° PWS O A 5 7 7% % %, FWS DA A 72 (6(19) =537, d=0.32, p<0.001). FWS &30° PWS
DB E 2% B, FWS O 55 72 (6(19)=1069, d=0.98, p<0.001). 60° PWS &30° PWS o[
A% B0, 60° PWS OAlASE 425 72 (£(19) =9.21, d=0.70, p<0.001).

K1 A7 Uy BT 2 EHFHIEE 0=20)

FWS 60°PW'S 30°PWSS
VO: (ml/kg/min) 8.84+1.54 " 777+ 1117 640+ 1.13
VE (L/min/kg) 0274004 0.25+0.03" 022+ 0.03
RR (frequency/min) 194+2.6 19.7+£24 199+2.5
HR (beats/min) 963+ 158 ' 91.6+ 138" 822+ 129

meanSD, FW S (Full weight-bearing squat): & B A 7 U » I, PWS (Partial weight-bearing squat): % 43 fir
fA 27 U v b, VO (oxygen consumption): @Q%E{ﬁ #% &, VE (minute ventilation): 43 ¥ # 4 &, RR

(respiration rate): ' %5, HR (heart rate): .2 A #, ' vs 60°PWSS, p <0.001, Tvs 30°PWSS, p <0.001.

AWF7EIX, R L2MWEFAEICBITALAZ 7y MHROABENINE ML, HERE L2 FWSE
PWSIZB1F 2 V0,25, HEERT LT X — & % I\ 72 BB RS & 572 VTOVO, & ) b IEETH - 72
FWSIZ 41 2 PWSOVO,0E 475 60° PWST8S7+£88%, 30° PWST731+108% Tl -72. VO, VE
LHRIGH B 4% #0, FWS, 60° PWS, 30° PWSONEIZ @ TH ), RRIGEE AR ED LD -7
IS XY, RUTZEIZBITAF IV T —T7 V& HW-PWSIE, VOM‘VTJ: 0 EfE RV EE R ETH -
7z, VOZLiFWSl DB, FIVEFT—TNVOEFRAEOIRICL72h > TS EZ A S 5k
AILEE R LT
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FWS & PWSOEBIH L2 oW T, PWSOVOIEVT L ) K<, FWSE D A7 F72, FWSH
SMETsA: M DB 2 EBREE Th - 72. FWSE M & LAPWSOVOMMEM S W5 BEIZOWT, FWS
23T B2PWSOVO,IE, 60° PWSH887=88%, 30° PWSAT3.1+108% Th-72. D% h, PWSIEFWSIC
HATERZRILI%, 269% VO MG S W EBTH Y, 30° PWSH60° PWSOVO, X 1 b 156% % =
N7-HEPRE P o7z — KIS, 60° AL TOMELMIIAREDNC6%E 7% 555, 60° PWSOFWSIZH§
BVOIA887% Tlo 72 —F7, 30° AL TOM TN IIAED L5112 % 525, 30° PWSOFWSIZHT 2
VO,IE731%Tdh h, 30° PWSOVO,AMEHT 2 #413269% L N E 2o 72. 2072, 30° PWSOVO,I360
CPWSE D & FEAOMEAM L IZRLD, OHEENOBRMPIRE D LAITRENT.

PWSIZ BT B IEFHAFEDIR D A = X LN 2 ABIZOWT, REF 72 3EFHEELIHE )
SUBEBICB LT, De Troyer™ &, MMHHEOWGBI #4508~y N & >, WL, 45~y N7 v 7, 3%
ND4AD DLETRHEIEN 2 R RITHET L, BRERFEO 72D OFIGE S AL T d i <, JERE IR SRR %
DL, BEEALIHE ) BB OMIEEINC X o TR EMARHAEILT 5 2 & 235 L7z, Barrettb
DZ, IPRIEPEM T ICBT ANy R7 v ROy — > L EEHREOINEIC O W TR L, 3
fir, 60EE, 90EEANY 7 v 7 TOHRLILE (—HHKE) 1, MPAEIIAMICL s TARICHMAT A L
L, KORBELZ T o722 LB ME L. Strohl 52 13, JEEOMIHENIZEI X » b 7D
<, FRICTIEEHOMIEENI DS LIS OMEEI L D & o722 &, PRI BESOMmGEISE AT 5 2
LRWME LS. Abe b 1d, WGBS ALK R LT B L MR DIEBI L, PIERH & S8
FHGEI2SRA, BEES OHIGEIAHERET 5 2 & 2R L, MEIRHRIIAUSIEEI 5 2 LI X o TR
WARMBRZRY S8, HBEZMEIES 2 812X o THBEOREE 2T 2E0FET LI L
S L7z, I X, WIS VAN OLEEAE, AR E I L7223 TRE§5 2 &1
Lo THERNFDOEALZE) T L ZRBLTWD. TD720, LB X o TR O G E) = O il
GHNREE SN, BRSNS T A E OB GENZALT 5 2 L TIARERIEELTnwE EEZ LN
720 KEZRIE, A2 Ty FEETFOEFAPISEICOWTHEAHAERZER E UTHRE L. PiEIVIC A
212 L7255 TVO, VE, HRAHEAMMNEZRL, RREAEAEZEDT, RELTVZ. ORI,
LB A TAZ T v MEB 2 B L72IRIC B W T S REDPIRUN G 2 5B L MR RAINE T
Bott#Zx b F72, EEHIEIBIAT 52 L0k o> TVESHA LRRY—ETH 722 L 1F, —
R EAR L 722 L 2R LT A, EEHEEFE—THS 00, HFAMEOHKIZE 5T, LAk
BENOBEMEIIRE RS, T80, —REAE ORI, BEEITHE ) R ITFOECDEEICH D
PWSOMEENREAVT L D K<, SMETs& ) RVEE TH - =720, IFREHHHEOBE L%
DY, BRI B W THREEE Y £ & L2 O THIS T 5 2 A RETH - 72D 1B S
N7z z oz RO T 2 HAUISE T, BAmB XKy — U2 L L 722 L &R
LTWb. 20720, K3y — ORI, ERAEICX 25 FOZALZ M) PWSO A B2 IS
BrRWZ DB LA LEZ NI Fz, EREAICBI 2PWSE FEjiti 3 2 B Eh & fif s O FR 121,
TRE) I DI N #EIK & T ORI A JHili 5 2 21T T, Mifgiasim Z2 #5532 7201l D /8y — >,
REEHEX, WEErE=%") V7 LT DVEWENEZZ SN

VEXY, PWSIZBU AV, VIOVO,& Y b, BELEHRIETH 7228, FWSEILL7
waﬁﬁﬁﬁﬁéhéﬁiﬁﬁﬁﬁ%%ﬂt:au,%wb?—f»w@%ﬁﬁ%&%%ﬂ%ﬁb,b
B~ B2 Z R LS8 ISR EEZ bz Fz, RIS T AP OREZ K L T
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RET B Z LR, PWSHHIIRADE M 2 FEh LR EO I IR 5 Z EVHEEEZ b7z,

WIEDMRFE LT, MERRL A Ty MEBIFO)], A5FEMFL R &R 5 RSB T S %
LTWRWnWZ eRBFoNns. 72, A~y N7y BB 5 0 &R ZEEARIG T 2 & 0%
REETORBZOWTOMEEII LN TR . 20720, MFE, HERRH L% & OFHEEH 081
2HET L. SROFEIL, ERAEOBEZHRP L, Mg, ROV TIHITHET S Z EET L
., PWSOHHEICHET A 2 EATHL ZEPLETH .

VI #53

KRFROHBE, FV b F— 7 %0 PWSIC BT 2 OB~ B AMER S A2 B 1200 T,
FWSE Il U CRORIOIEEA 155 2 L 12X Y, FHPEE AT 2 2L CThore. BELEBIEICBITS
100 (20[1/%3) DA Z T v b La’ob)‘%VOZ X, VT D HEMETH Y, SMETsAKHOEHHRETDH - 7.
60° B &£ 1°30° PWS ODVOZ I, TNENFWSL ) H113%, 269%MIR I b T LR ENsz. F/-,
B DORRIT IR — IR LR A AT 2 MAUS & %R L7, PWSIZBIF 2V0,EVT X ) KETSH ),
BV EBIRE TH - 72 PWSIE, HAHAEDEILICHE D AN FOEN L HHANDHH LR BT AT,
E R R BB B L O BB A AT L L OB TR B WHEMES S 5 L E X SRz

FIHER
AWFZEC 31T B FAAHIIAAE L 22\,

AT S LT 7272 & £ LA A0 FRRICHR#H L LIFE 5.
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