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ABSTRACT

The intensity levels of the synchro-
nous arm swinging exercise in sitting
and standing positions: a study in
healthy subjects

Siengluecha A*, Intarakamhang P~
Senakham T**

* Department of Physical Medicine
and Rehabilitation, Pramongkutklao
Hospital; ** Department of Sport
Science, Srinakarinviroj University.

Objectives: To determine cardiovas-
cular intensity of synchronous arm
swinging exercise

Study design: Descriptive analytical
study

Setting: Cardiac-Rehabilitation clinic
Subjects: Twenty four healthy volunteers
(age 20-30 years; 12 men and12
women) without shoulder pain or
limited range of motion.

Intervention: Each subject performed
sub-maximal arm-crank graded
exercise test to determine maximal
oxygen consumption (VOzmax) (32.5
+7.1ml/kg/min) and then performed 6
order steady-state synchronous arm
swinging bouts including 40, 50, 60
rpm in sitting and standing positions.
Each test lasted 6 min and was
separated by a 5 min rest. Heart rate,
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blood pressure, VOzmax and rate of
perceived exertion (RPE) were
recorded.

Results: The absolute intensities
(metabolic equivalent time, MET) of
different bouts of exercise (sit 40 rpm,
stand 40 rpm, sit 50 rpm, stand 50
rom, sit 60 rpm, and stand 60 rpm)
were 1.52+0.24, 1.46+0.26, 1.52+ 0.27,
1.47+0.26, 1.72+0.39, 1.55+0.30
METs respectively. The relative inten-
sities in the term of % VOzmax were
16.084+2.91% - 19.1245.39%; of %
maximal heart rates (%HR max) were
44.83+10.13% - 47.9946.67% and of %
heart rate reserve (% HR reserve)
were 7.54+10.33% - 13.52+10.95%.
The perceptual responses in the term
of RPE were 7.50+0.88 - 8.50+1.98.
Conclusion: These results suggested
that the intensity level of synchronous
arm swinging exercise was 1.4-1.9
METs, classified as very light intensity
by absolute intensity (MET), and as
very light to light intensity by relative
intensity and RPE report. Therefore,
the arm swinging exercise may be
beneficial and safe for patients with
cardiac disease and those having
problem with leg exercise.
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Borg’s scale Relative intensity Absolute intensity METs (age)
RPE %VO,max %HR %HRmax Young (20- Middle (40- Old Very old
(%) reserve (%) 39) 64) (65-79) (80+)
Very light (<10) <25 <20 <35 <2.4 <2 <1.6 <1
Light (10-11) 24-44 20-39 35-54 24-4.7 2.0-3.9 1.6-3.1 1.1-1.9
Moderate (12-13) 45-59 40-59 55-69 4.8-71 4.0-5.9 3.2-4.7 2.0-2.9
Hard (14-16) 60-84 60-84 70-89 7.2-10.1 6.0-8.4 4.8-6.7 3-4.25
Very hard (17-19) >85 >85 >90 >10.2 >8.5 >6.8 >4.25
Maximum (20) 100 100 100 12 10 8 5

MA15199 1 ?xﬁummiﬁﬂmﬁ'ﬂmm:'ﬂﬂﬂﬁ’]ﬁﬂmﬂ (rating of perceived exertion, RPE) 84 Borg's scale""?: 6-20 scale
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W Frsnindugasinlarniinieds
Wi 77.83112.33 AT AL
Tadinanzinladusmiaaeinfy
111.58+13.46 AFIANT LazALsL
Tadimanizialananadaiyiniy
74.79+9.71 Afa T

ANNNNINARBIUNTIUTUTIAINE
40, 50, 60 81/ luwinitsuasyindu
1§AeAan1slaauutlasaeadnas
(mean rising HR) AuAUIIEZTR A
fusia (SBP) wavAusulafinany
#lananasa (DBP) ANlAEERIINNg
Haandiau (VOQ(m./nn./mﬁ) AN
L'a?q'mxﬁummﬁﬂmﬁ@ﬂ (RPE)
Fauanslunnned 2

AN REUR N TNAs A
Tulinfufsaunnnndvintiegneg
HIgATYNI9ANS (p=0.00) Fidavinz 40
20UANT (AN197 4)

AUANNUANFNITRIFIULLTANS 7
SY919NNTUNTILT LR AR N y
(m‘m\iﬁ 5) ﬁuwud’]cﬂhmﬁwﬂmumﬁ
(MET) ‘Lun@'mﬁﬁq 40, 50, 60 99L/4477)
Apouuansneiued1alidad Aty
(p=0.004) uslaiunnmnaiuaeinailsle
adnylunguvingiu (p=0.159) dqu
mmuﬁmmzﬁ”uﬁmﬁ’(%vozmax,
%HRmax, %HR reserve) WuiN
%VO max ”Lumjummia 40, 50, 60 991/
W7 Aanuuansneiuasdtelieadn Ay

_93_

(p=0.005) dausinudsanluiumnnsnafiu
| Ao o o 9 P
agadldedATy  uazAuiAnmilen
unugn lunguviniu 40, 50, 60 saL/

o

U AAuwanFfaiuasiaNig1 Aoy

(7

a

(p=0.028) waldunnftaiuaten
Aty Iuﬂzjmhiiﬂ (p=0.062)
ANUANLANGANTRIAIULIFA 7]
semdnarinienaLyindy (mm\iﬁ' 5)
NUIN ATANUENLLNLA (MET) Tu
nga 60 saUANT vindemnnnanvingy
at1eliladAty (p=0.00) wsilaiumn
e ediddnAny Tungu 40 uay
50 saL/UNT dauAnuminuNduing
(%VOQmax, %HRmax, %HR reserve)
wudn lungu 60 sa1/U17 %VO, max
vindasnnndnvinduadneitedr oy
(p=0.00) %HRmax waz %HR reserve
NGl 40 sRUANT vinduannndinds
ag198d8d Aty (p=0.00,p=0.01
ATNANAL) ”Lu%mmnzg‘u dqusiauls
laiumnsineiuednaiifudAoyssmdng
vinfauazvingn 1aun %VO max lu
Ngx 40 uAz 50 98U/ %HRmax
uaz %HR reserve lungx 50 Ay 60
00T dauzespaufdnvies
wuan lduansneiuadeldudAny
iwdﬁ\whﬁ\iLL@zViﬂﬁuSLunnm’m?{

nIAmansiuyans 2551, 18(3)



iy Mean Mean Mean Mean

AANNIAY 781/ rising HR SBP change DBP change VO, Mean
e ety (AFan) (1n.Usem) (13.Us0m) (14 ./nN.Au) RPE
‘Li/\i 40 11.25+10.64 -0.79+11.36 4.79+10.25 5.31+0.86 7.50+0.88
£ 40 14.83+12.51 1.71+10.95 4.58+9.76 5.12+0.92 7.67+1.40
‘li\i 50 12.38+12.78 -2.04+10.47 2.08+8.72 5.33+0.94 8.00+1.56
£ 50 14.29+12.54 -0.96+10.08 5.58+11.73 5.14+0.90 8.33+1.74
liﬂ 60 10.58+25.66 -1.17+9.39 0.13+8.09 6.01+1.36 8.42+1.90
£ 60 16.83+15.42 1.67+10.59 3.29+11.34 5.41+1.04 8.50+1.98

A519% 2 uansdayaredtnisasuulasmesinas (isingHR = exerciseHR - restingHR) Auaulainnuziialaiiusa (SBPchange =
exerciseSBP - restingSBP) wazanuesialananesia (DBPchange = exerciseDBP — restingDBP) Antaasnisldesndian VO, (H@./NN./1T)
wazeians RPE (Tne 7=ldwiles 9=wilestiag)

. Absolute intensity Relative intensity (% of maximum value)
NIUUSDAN

Mdny sauud MET(METSs) VO, (%) HR (%) HR reserve (%)
ﬁd 40 1.52+0.24 16.81+3.56 4517+4.21 8.88+6.84
i 40 1.46+0.26 16.08+2.91 46.99+5.64 11.96+8.29
ﬁiﬁ 50 1.52+0.27 16.84+3.47 45.75+5.39 9.82+9.05
i 50 1.47+0.26 16.28+3.28 46.71+4.83 11.37+7.99
ﬁd 60 1.72+0.39 19.12+5.39 44.83+10.13 7.54+10.33
gl 60 1.65+0.30 17.18+3.97 47.99+6.67 13.62+10.95

ANgIeN 3 uanIANITNLWE (METs) uazamumtiniundusing

MET = AnedsAnaneiuaeqamiLedia, %VO Max = fatnzaasauamnIngagalunsdeeniiautesiunsanizeantdsnieiud,
%HRmax = Faeaz1esdnsnissiuresinlagean, %HRreserve = Faeaz1evdnsNIsiuresinlageangnsed (exerciseHR-restingHR)* 100/
(HRmax-restingHR)

QU ANAtANATIRNTY (ﬂg’aﬁiﬂmﬁ) + AR
NTUNINAL £ 2 p-value
40 79U/A07 11.25+10.64 14.83+12.51 0.00*
50 $RL/UN 12.38+12.78 14.29+12.54 0.22
60 381/U"% 10.58+25.66 16.83+15.42 0.23

AN 4 LAAINITIATIZTANTNAIMANT Uz NIl auasyinEiuluuAas AN
* = FanuuananaiuednadadAtuneain (P<0.05)
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ﬁmmmﬂ,mdaLmu(i@u/mﬁ)

MET(METS)
40 50 60 p-value
W 1524024 1524027 172+0.39 0.004*
£l 1.46+0.26 1.47+0.26 1.55+0.30 0.159
P 0.25 0.18 0.00*
%VO,Max FMIINNTWNIIUAL(TRL/ W)

(Fanaz) 40 50 60 p-value
‘Li/\i 16.81+3.56 16.84+3.47 19.12+45.39 0.005*
! 16.08+2.91 16.28+3.28 17.18+3.97 0.105
P 0.20 0.19 0.00*

%HR max FRTINTTUNTIUL(TRL/AUNT)

(3ann) 40 50 60 p-value
‘Li/\i 45.17+4.21 45.75+5.39 44.83+10.13 0.690
flu 46.99+5.64  46.71+4.83 47.99+6.67 0.610

P-value 0.00* 0.23 0.23

%HR reserve FMIINTTWNTUAL(TRL/ W)

(euaz) 40 50 60 p-value
1ixi 8.88+6.84 9.82+9.05 7.54+10.33 0.122
i 11.96+8.29 11.37+7.99 13.52+10.95 0.503

P-value 0.01* 0.13 0.44

FRIINITUNFINA(3DL/NN)
RPE
40 50 60 p-value
ﬁ}\i 7.50+0.88 8.00+1.56 8.42+1.90 0.062
flu 7.67+1.40 8.33+1.74 8.50+1.98 0.028*
P-value 0.57 0.10 0.75

AN5197 5 UARINANITIAIIZHAI TN UANFANNTBIFAIUL 6N 7 FTUINNITUNHULLN AT 40,

50, 60 20U/ KATEUIYINTaLazYNgY (*=RAanuunnsnaiuesnafitagnAni1eaii)

UNIANTDL

ﬂﬁﬁﬂﬁuvjﬁﬂq Tsangnuna
wezaangndn laldnnsaanmasnig
Fnannsundauauganilugaumiiares
Tﬂil,miumiﬁuvjﬁﬂﬂmmuuﬁq ol
szazfureanstudlaevialaluls
NeNLa wazuuzidun1seannnag
metetheasseituiiesanduns
aanmasniafigzainuazianade
uilsiiemsL s AP LTI e
gasnsundauanil

N13AN®189 Pimental NA LAy

AL IFANHINITAALAUAIIRITINNAE

sannseanindamelneldnsthisnaen
Felu WUIRERIINNTIAUTIRER 1A
annatTudnseLdeuauEnNNIg
fudnsanudagan us ventilatory
equivalent T89a8NTIAUaNN" 31T
ANTUNUAUIUFINTT WATWLFINT
NATUINITADLAUBITAINITAAN
masnedsuauinggaindnsinig
wWnrearalaiiasetnaingannaly
wlughaietianszELANETTnLN
ANIANHN AT UL A LA
LRI TduIesiala 15U
nsldeandian uazanafanmilesi
NraNMeannIaINMelAENITUN DL

_95_

=2 di/ v o '
nsAnmiliianIsmAgeqaves
N7 aanTIAUAINNNIANUIANNNNTTIY
ANTENUFILILL FREIAT B0 VBIANGIRA
(submaximal exercise test) TN ALAD
oy . o oA A
A lsannIsAnuANUNTEa e
e My v A . as
wazeansuls wAdanetanildiia
ANMHLTENUABNENIFAANNIAINE
ATUNAIANNNNTEANNIAIN"EILa 19 1A
geananNIItiudnsenusnedngIngn
N19LAYU treadmill De¥aeay 10717
dql Q/dl 1 v o o [~
wananil gnlsldeanmaeniaiy
1l5za7 (poorly fit) Aaeldiaaiununan
o al £ o
AELUNTEEEANN (steady state) TN
Tanavilsiléien VO max gandannu
Wluazq s
P P ' a
N17688N L TRATLNILTU 6 WIN
1H189A1NN1TAALAURITAIFIINEIFAD
nrsaanniaantawuunalsinnsz sy
WD UNane (§RTINTHEAR ATP
uazdnsngideandian) azdngszas
AINUAINITENeannIAalludn 1-4
al oA [~3 1 d’l 1 v o o @
w1 vizadandr i lunguieaniaatlu
dszan visadndnlunguiilddenls
AANNIAY AIUNNLNRINIIAANNIRINE
= ] o ¥
suLwnugedunane $19nesinld
wAUszHN 2-3 wnTine s e
fazaz 100%%
- Y Xy, .
A3AnEIASIH TEANA NN
PAIN1FDBNNNAINETALINITHN T
APYND 40, 50, 60 $0U/UN D 1.4-
1.9 METs, 5084%14.9-21.4 189 %
VO Max, faeaz 40.6-50.8 189 %HR
max  #IUNN9aaNNNAINIETLAULLN
TiifussFuAMNTINLN NN gL
o Vo A o A
filheidnuaenineniialasyesiat
Taanenuna Widusinsesiassazisnae
seeizluriasaiunagilaemiin (ICU vida
ccu) Aunnguuzin dileadaulng
Taeldnaaautlszanns 1-2 METs®29
N1308NNNAINIETZAUAN (UBeN9N
$e8ay 50 294 %VO max) ey
o o o Ry p
angsan N miLgaeNiN1nzdeN
pagannIsuauuIuls warnisean

wrAaniuyais 2551; 18(3)



Adannefiesndniesay 40 189 %
VO, max 3 p¥asiadilandi fhioan 8
flav wudnanun s %VO, Max
§%atas 1777 yananni SnnsAne
‘17'{@ﬁu@Hudwn’]ifaanﬁﬁﬁqmmzﬁu
FnAeunans viielasuAniaLfiy
Aanssuludindszandu fuselanise
qmmwm:mmmﬁwﬁn”g) Farhu
AIRNALINNTRBNNAINILLLIATWT
Mﬂithmmﬂ%ﬁué’ﬂaﬂuimzﬁﬂﬁu@g
. 5

= o PR >
VULAEN HéﬂﬂqﬂqWL@ﬂﬂmﬂﬂqﬁ‘@Nﬁ@Q

vl o

¥ 1
Hndilayundaiin

a

BIAEHTILNILAY
Laﬂwﬁi@m:@‘ﬂuﬁmmﬁmﬂﬂﬂixmw
a \ \ ol oy Ay A
wulaldinauasldunu gndunaiving
tlyvaendenfimgasiuwinlileannis
taanaian giinisanaesdne gl
ANIFARAIUTILATTINAIUININ 1A
{109 UNNNZ N TNTAUANN NN TUB UL
11an1smaaulue (deconditioning)
NBARAINNLATEA ANNAMNAIIANIIY
FLAT wazNUILANTAINYR
\ =< = ¥ Xy
franelnesan aile nn3AneATat Tu
NUIINITWAI LU LA AaIn1g
Upunvn luausatinge

P p \ o =

WallFfauausAiAumiinuan
Tsannnisundsuwanluanietianaziiv
WU %VO Max ez MET 1tuztiega

| A A a P a
NINEUARINND 60 78L/ANT @19BBLNE
a1NYIN1E venous return 1NNl
- = , = o g
U stroke volume NN [9n 9K
cardiac output NINTW WEWLF1 %HR
max WA %HR reserve luyingiuian
UINNINVITNNAIIND 40 FRL/UN
£ a [y o o LA A
Faassng lannNNsaannNIRINEvIngLE
venous return i’l’aﬂﬂ'ﬁ’]ﬁﬂﬁﬁ stroke
o 2 s X |
volume HaEAd AINTNATFIUL UFiNIg
AANNMAINIENTZALIANUENILN R
40%VO Max TadenTnailasuulas
AN184 cardiac output A N1TLAN
PRAIAN stroke volume NINNG1NNG
a a v 2 o

wasullasresdnas Al 8msnng
Faandandailulyluninaany

. = = o vV o
cardiac output ’QQ@W@NN@‘VHI‘VI@F’]?’]

J Thai Rehabil Med 2008, 18(3)

nsldeandiaugendtilesaninaainiy

2029 gntlsznnsg

Tuindaifisuiuyintiu
AJ J ul/ 1 6 ¥ % da’ ' ¥
i el Al dndnaniienn usll4
T S L
naNiadauansn (@adunduiiie
AALAN) LT3 TevinaEaY
\HANNTUNINUBANAINIEY 39814V
W MET, %VO Max luvinilasnnnan

L A o ~ = =
MEudnauNAIND 60 781/
= = v X v v

819 N1sAnwIATITAeNHId TN

Ao Ao P =
N1339aNNee 20 U TIHN17IATEY
wiuTnaesszuusng o Aeudasiay

3| U dl
uazilunguauniseAainlsauaznig
o a Z‘/ 1 = =3
Futlseniuen anvielaimainisdne
ANHNTINILNYBINNIEBNNAIN MUY
WNFNUIUNINBY RURBNYINNITANTA
Tunguaning Asiu Avsinnmeas
fudszanInainuanedieeiy uas
arasaniansszidunisin il ldasaly
nangilenivuneiverlssifiulsz@ns
HATBINITUNUTUFe T

nalagas nseennidaneuuy
undguanlunguAnLnEisvintiauazyin
&uAnuD 40, 50, 60 $aU/ANT 1AW

o = =2 o = =

winwnauNan aaduniaaeniiie
gwsugihefsasnisniseennndainiy
SO Wb LTSN

1andnganede

1. Belza B, Walwick J, Shiu-Thornton S,
Schwartz S, Taylor M, LoGerfo J. Peer
reviewed, older adult perspectives on
physical activity and exercise: voices
from multiple cultures. Prev Chronic Dis.
2004; 1(4): A09.

2. Zwierska |, Walker RD, Choksy SA, Male
JS, Pockley AG, Saxton JM. Relative
tolerance to upper- and lower-limb
aerobic exercise in patients with
peripheral arterial disease. Eur J Vasc
Endovasc Surg 2006; 31(2): 157-63.

3. Nieman DC, LaSasso H, Austin MD,
Pearce S, Mclnnis T, Unick J. Validation
of Cosmed’s Fitmate in measuring
exercise metabolism. Research in
Sports Medicine 2007; 15: 67-75.

4. Kibler, W.B. The Sport Preparticipation

_96_

Fitness Examination. Champaign, IL:
Human kinetics Publishers, 1990.
WA Taune, AUgNazAnN®. N9
nAdaULATUss I IUHANAAN .
fiuWafd 3. NIUNN: NUIINYIAE
AIuPIUNIA IR Useauiing, 2524,
Fann loeiend, wiagedna Aaduiin uas
wedngn Naduiin. nmagauAIL
anysnmaNeinii. ngamne : nes
InAIERTNIIAR  n1sARIua
sznelng, 2542,

Pollock ML, Wilmore JH, Fox Il SM.
Health and fitness though physical
activity. American College of Sports
Medicine series. New York: Wiley; 1987.
Fox SM, Naughton JP, Haskell WL.
Physical activity and the prevention of
coronary heart disease. Ann Clin Res.
1971; 3: 404-32.

McArdle WD, Katch FI, Katch VL.
Exercise Physiology. 5" ed.
Philadelphia: Lippincott Williams &
Wilkins; 2001.

. Grange CC, Maire J, Groslambert A,

Tordi N, Dugue B, Pernin JN, et al.
Perceived exertion and rehabilitation
with arm crank in elderly patients after
total hip arthroplasty: a preminary study.
J Rehabil Research 2003; 41: 611-20.

. Franklin BA. Exercise testing, training,

and arm ergometry. Sports Med 1985;
2:100-19.

. Powers SK, Beadle RE, Magnum M.

Exercise efficiency during arm
ergometry: effects of speed and work
rate. J Apply Physiol 1984; 56(2): 495-
9.

. Fletcher GF, Balady GJ, Amsterdam EA.

Exercise standard for testing and
training A statement for healthcare
professionals from the American Heart
Association. Circulation 2001; 104:
1694-740.

. Pimental NA, Sawka MN, Billings DS,

Trad LA. Physiology responses to
prolonged upper body exercise. Med
Sci Sports Exerc 1984; 16: 360-5.

. Bouckaert J, Pannier J. Specificity of

VO2max  and blood lactate

determinations in runners and cyclists.



20.

Arch of physiol Biochem 1984; 93: 30-
1.

. Bouckaert J, Pannier J, Vrijens J.

Cardiorespiratory response to bicycle
and rowing ergometer exercise in
oarsmen. Eur J Appl Physiol 1983; 51:
51-9.

. Pannier J, Vrijens J, Van Cauter C.

Cardiorespiratory response to treadmill
and bicycle exercise in runners. Eur J
Appl Physiol 1980; 43: 243-51.

. Monteye Hj. The oxygen requirement for

horizontal and grade walking on a
motor-driven treadmill. Med Sci Sports
Exerc 1985; 17: 640-45.

. Monteye Hj, Ayen T, Washburn RA. The

estimation of VO2max from maximal and
sub-maximal measurements in the
males, age 10-39. Res Q Exerc Sport
1986; 57: 250-3.

Astrand P, Rodahl K. Textbook of work
physiology. New York: McGraw-Hill;
1986.

21.

22.

23.

24.

25.

26.

Foss ML, Keteyian SJ. Fox’s physiolo-
gical basis for exercise and sport. 6th
ed. New York: McGraw-Hill; 1998.

Gerstenblith G, Renlund D, Lakatta E.

Cardiovascular response to exercise in

younger and older men. Fed Proc 1987;
46(5): 1834-9.

Sullivan M, Cobb F, Higginbotham M.
Stroke volume increases by similar
mechanisms during upright exercise in
normal men and women. Am J Cardiol
1991; 67: 1405-12.

Braunwald E. Heart disease. 3“ ed.
Philadelphia: W.B Saunders; 1988. p .
1395-410.

Brandenbury RD. Heart disease. Mayo
Foundation; 1987. p.1944-60.
Belardinelli R, Goregiov D, Scocco V,
Barstow TJ, Purcaro A. Low intensity
exercise training in patients with chronic
heart failure. J Am Coll Cardiol 1995;
26(4): 975-82.

_97_

27.

28.

29.

American College of Sports Medicine
Position Stand. The recommended
quantity of exercise for developing and
maintaining cardiorespiratory and
muscular fitness and flexibility in healthy
adults. Med Sci Sport Exerc 1998; 30:
975-91.

American College of Sports Medicine.
ACSM’s guidelines for exercise testing
and prescription. 6" ed. Baltimore:
Lippincott, Williams & Wilkins; 2000.
Paffenbarger RS, Hyde RT, Wing AL,
Hsieh CC. Physical activity, all cause
mortality, and longevity of college

alumni. N Eng J Med 1986; 314(10):
605-13.

wrAaniuyais 2551; 18(3)





