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Effect size and sample size (N) calculation

Formula Effect size = Xl:zg
(SD;+SD»)/2
N= ( 2.8/effect size)®

Outcome Control group Experimental Effect size | N/group
measures X (SD) group

X (SD)
PPT 174.31 (82.84) 330.07 (138.75) 1.406 4
ROM-AE 59.55 (14.18) 71.55 (14.44) 0.839 12
Pain-free GS 152.34 (77.76) 240.82 (82.93) 1.101 7
Pain-free WES 36.76 (16.40) 56.36 (27.41) 0.895 10

* sample size calculation was determined from the pilot data
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BULRRUINNTaNATRIANEANAT (Questionnaire)

¥
nMsAsIRanUAnHuzuarnisilasiunrszuunevdRInnfsaaningane lundadlanszendaiin

sHAaNANANAT
NsARNTRIANFENAST (Screening)
fauil 1 (Fusugide)
1.1 ﬁ@a&’aﬁ’mﬁﬁ (Personal and Demographic Data)
G (Mame). 7. .. . LANAN e D e Y
L N ST ARV NUNRNE: AR O SO, WD
B g o I N o TS
fu 1pau 1 1fie (Date of birth)......ooceveeeeeeeeeeee. 88 (AGE).......... 7 (years)
AUGY (Height)........c.o....... T (cm)  WIWEN (Weight). .o nn (kg)

12 gunwilagsiald uazdayann@w (General health and vital sign)

Tsatlszansia O 'Lif £ ;- LS, VIEH WIS (BN VSRR (AN
¥

SATIANATULZAN. oo pFaRawN (time per minute)

ANEUIARR . 1aanTlsan (mmHg)

1.3 NSRAIUSANNINA (sports involvement)

o o =4 1 =l I = =
ANTRANATAINILUTALAUNTN TUE29T2821981 6 RAUTINIWNN
0 il B T SR ... oo s Ml

¥
O fuls=qn @nndvizaszuno 3 afssedilan)

v ¥
O unAFIunans (Heandt 3 afsiedlend)
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14 BUUAAUANANNATUALDINE (Arm dominant)
A1Luz1in
Tﬂ:‘m:‘:zqﬁqmmmma‘nhm:“Lﬁfﬁaﬁ’amﬁw (1 e 191) lunsiananssuna 7 SanslianansauanAnuunnsnglals
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b2 — 2 - — t’/ — ] - 1
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anslansslng O4el | O w1 | O vivgae | O 14 | O s
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Hdam)
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1.5 m'imﬂngmmeummfazmﬂﬂu‘ﬂ‘iﬂ (upper extremity injury, and medical
condition including causal diseases)
{3ml3zansia 7 aisl O & (WUA20) e
muaduRauanlugag 3 Heufiun

01 laidl O 8 (UIRTZY) e

S A o
1.6 Uszimmsldawazau < (Medical History and others)
1 v
anditasunelu 1 dlainewnind [ il O 8 (U8a20) e
=4
QRErHER!
[ 'biRn O 53 (F30uaz A28 s IRLIBRED . oo
ATANNUN

(1 'laiRs O 8 (U3902ua2A 3t 08 IALIBRE!) ..o

1.7 sNEMsARRENaIENANAS N9 aaN15 AN (Subject Inclusion Criteria)
(1) @18 asTATINAT e 87 18 - 25 1]
2) ﬁqmmwﬁ tunTATadatnlszdnnaslden 3atlszeasa nsRsaaiienie was vital
signs

(3) FuseandnFaNnIAnEAaeaNEN laus zann Ilideua e fiuse e
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3 & Y = . . . .
1.8 INAUNNITAALRIRNAIAIANATRANATNNIFANE (Subject Exclusion Criteria)

= . = 5 k4 - = = .

(1) HAouiatsnEnINIzILNIZANUAZNAILE FruLszan vizalulzaianaiingsie
msAnEeluIzazna 3 lReY NerN1IMARES
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Recording form of the experiment
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v K Y
HyuUHNNUYD YA

B0/ AR e s DOMS....
Pain intensity
VAS (average pain)
Pre-test
l |
0 10
Tisionmsihia thamnniiga
Immediate
l |
0 10
Tisioimsihia thamnniiga
D1
l 5
0 10
Tifiormsiha thamnniiga
D2
l 5
0 10
Tisiormsiha thamnniiga
D3
l 5
0 10
Tisiormsiha thanniiga
D4
l 5
0 10
Tisienmisiha thanniiga
D5
l l
0 10
Tisionmsihia thamniiga



D6
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0

Naisiemsia

D7
|

10

thamniiga

0

Yaisiermsin
DS
|

10

thamniiga

0

Taisiormsihn
D9
|

10

thanniiga

0

Taisiormsin
D10
|

10

thanniiga

0

Taisiormsthn
D11
|

10

thanniiga

0

Naisienmstha
D12

10

thamniiga

0

Taisiermsihn
D13
|

10

thamniga

0

Naisiermsiha
D14

10

thamniiga

0

Naisiermstha

10

thamniiga
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Modified Likert scale

Pre-test

0 [t [2 [3 [4 |5 |6 |
Immediate

o [t [2 [3 [4 [5 |6 |
Dl

o [t [2 [3 [4 |5 |6 |
D2

o [t J2 [3 [4 |5 |6 |
D3

o [t [2 |3 [4 |5 [6 |
D4

o [t [2 |3 [4 |5 [6 |
D5

o [t [2 |3 [4 |5 [6 |
D6

o [t [2 |3 [4 |5 [6 |
D7

0 [t [2 [3 [4 |5 |6 |
DS

o [t [2 [3 [4 [5 |6 |
D9

o [t J2 [3 [4 |5 |6 |
D10

o [t J2 [3 [4 |5 |6 |
D11

o [t [2 |3 [4 |5 [6 |
DI2

o [t [2 |3 [4 |5 [6 |
D13

o [t [2 |3 [4 |5 [6 |
D14

1Wle1msiaszunae
_ 2 v A vy X MAYA
= Jemsdiaszuuaniesusnuna e vasIUaUAY

vy X g 9 o ” A g A
1M 51Iaszuuna N peYUL TINITINHI 0AQD UG8 TIVD

0=1
=14
2 = fiemsthaszuuszmnhunanwazsududa tazaseimsihaaniieoed
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onsihnszuundwileanios a3 nie seuussvazndon lnadeiie Tae il
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5 = fionmmihaszuundwileszauiunais a3 wie seunssvazniou lnateiie Tay
a3 o 9 A
lifihminegluile
= v & o = & A ] Y
6 = TeimsthaszuunduiioszAugunse 8039 Hie sounsamsTInanNNaTalums
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Measurement of Pain thresholds
Thermal pain threshold (TPT)
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Pre-test 1

Cold pain Hot pain

Site 1 mean | Site 1 mean
0) 0)

M M

Pre-test 2

Cold pain Hot pain

Site 1 mean | Site 1 mean
0] (@)

M M

Immediate

Cold pain Hot pain

Site 1 mean | Site 1 mean
0] @)

M M

D1

Cold pain Hot pain

Site 1 mean | Site 1 mean
@) 0)

M M

D2

Cold pain Hot pain

Site 1 mean | Site 1 mean
0) @)

M M

D3

Cold pain Hot pain

Site 1 mean | Site 1 mean
0) 0)

M M

D4

Cold pain Hot pain

Site 1 mean | Site 1 mean
(0] @)

M M

D5

Cold pain Hot pain

Site 1 mean | Site 1 mean
0) 0)

M M
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D6

Cold pain Hot pain

Site 1 mean | Site 1 mean
0) 0)

M M

D7

Cold pain Hot pain

Site 1 mean | Site 1 mean
0] (@)

M M

D8

Cold pain Hot pain

Site 1 mean | Site 1 mean
@) 0]

M M

D9

Cold pain Hot pain

Site 1 mean | Site 1 mean
0) 0)

M M

D10

Cold pain Hot pain

Site 1 mean | Site 1 mean
@) @)

M M

D11

Cold pain Hot pain

Site 1 mean | Site 1 mean
0] 0]

M M

D12

Cold pain Hot pain

Site 1 mean | Site 1 mean
@) 0)

M M

D13

Cold pain Hot pain

Site 1 mean | Site 1 mean
0] (@)

M M

D14

Cold pain Hot pain

Site 1 mean | Site 1 mean
0] 0]

M M
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Pre-test 1
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Pre-test 2

Site

1

mean

Site

1

mean

O

O

M

M

Immediate

Site

mean

[0)

M

D1

Site

mean

(0)

M

D2

Site

mean

(0)

M

D3

Site

mean

(0]

M

D4

Site

mean

(0]

M

D5

Site

mean

O

M

D6

Site

mean

O

M

D7

Site

mean

O

M

D8

Site

mean

[0)

M

D9

Site

mean

(0)

M

D10

Site

mean




D11

Site

mean

D12

Site

mean

D13

Site

mean

D14

Site

mean
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Pressure pain threshold (PPT)

Pre-test 1

162

Pre-test 2

Site

1

2

3

mean

Site

mean

O

(0]

M

M

Immediate

Site

mean

[0)

M

D1

Site

mean

[0)

M

D2

Site

mean

O

M

D3

Site

mean

O

M

D4

Site

mean

O

M

D5

Site

mean

O

M

D6

Site

mean

[0)

M

D7

Site

mean

[0)

M

D8

Site

mean

[0)

M

D9

Site

mean

(0)

M

D10

Site

mean
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D11

Site 1 2 3 mean

D12

Site 1 2 3 mean

D13

Site 1 2 3 mean

D14

Site 1 2 3 mean

[0)

M

Range of motion (ROM)
Pre-test 1 Pre-test 2

Motion 1 2 3 mean | Motion 1 2 3 mean

AF AF

AE AE

PF PF

PE PE

Immediate

Motion 1 2 3 mean

AF

AE

PF

PE

D1

Motion 1 2 3 mean

AF

AE

PF

PE

D2

Motion 1 2 3 mean

AF

AE

PF

PE

D3

Motion 1 2 3 mean

AF

AE

PF

PE




D4

Motion

mean

AF

AE

PF

PE

D5

Motion

mean

AF

AE

PF

PE

D6

Motion

mean

AF

AE

PF

PE

D7

Motion

mean

AF

AE

PF

PE

D8

Motion

mean

AF

AE

PF

PE

D9

Motion

mean

AF

AE

PF

PE

DI0

Motion

mean

AF

AE

PF

PE

D11

Motion

mean

AF

AE

PF

PE
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D12

Motion

mean

AF

AE

PF

PE

D13

Motion

mean

AF

AE

PF

PE

D14

Motion

mean

AF

AE

PF

PE
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Joint error position evaluations
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Pre-test 1

Normal DOMS

Motion mean | Motion mean
F F

E E

Pre-test 2

Normal DOMS

Motion mean | Motion mean
F F

E E

Immediate

Normal DOMS

Motion mean | Motion mean
F F

E E

D1

Normal DOMS

Motion mean | Motion mean
F F

E E

D2

Normal DOMS

Motion mean | Motion mean
F F

E E

D3

Normal DOMS

Motion mean | Motion mean
F F

E E

D4

Normal DOMS

Motion mean | Motion mean
F F

E E

D5

Normal DOMS

Motion mean | Motion mean
F F

E E
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D6

Normal DOMS

Motion mean | Motion mean
F F

E E

D7

Normal DOMS

Motion mean | Motion mean
F F

E E

D8

Normal DOMS

Motion mean | Motion mean
F F

E E

D9

Normal DOMS

Motion mean | Motion mean
F F

E E

D10

Normal DOMS

Motion mean | Motion mean
F F

E E

D11

Normal DOMS

Motion mean | Motion mean
F F

E E

D12

Normal DOMS

Motion mean | Motion mean
F F

E E

D13

Normal DOMS

Motion mean | Motion mean
F F

E E




D14
Normal

DOMS
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Motion 1 2

mean

Motion

mean

F

F

E

E

Choice response time

CRT(Prel) | 3 2

(CRT)
|1

Ave.

Normal

DOMS

CRT(Pre2) | 3 2

Ave.

Normal

DOMS

Immediate

CRT 3 2

Ave.

Normal

DOMS

D1

CRT 3 2

Ave.

Normal

DOMS

D2

CRT 3 2

Ave.

Normal

DOMS

D3

CRT 3 2

Ave.

Normal

DOMS

D4

CRT 3 2

Ave.

Normal

DOMS

D5

CRT 9 2

Ave.

Normal

DOMS

D6

CRT 3 2

Ave.

Normal

DOMS

D7

CRT 3 2

Ave.

Normal

DOMS

D8

CRT 3 2

Ave.

Normal

DOMS

D9

CRT 3 2

Ave.

Normal

DOMS

D10

CRT 3 2

Ave.

Normal

DOMS

D11

CRT 3 2

Ave.

Normal

DOMS
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DI2

CRT 3 2 1 3 2 3 Ave.
Normal

DOMS

DI3

CRT 3 2 1 3 2 3 Ave.
Normal

DOMS

D14

CRT 3 2 1 3 2 3 Ave.
Normal

DOMS

Grip force

Max. grip

Pre-test 1 Pre-test 2

Grip 1 mean | Grip 1 mean
Force Force

Immediate

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D1

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D2

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D3

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D4

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force
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DS

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D6

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D7

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D8

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D9

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D10

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D11

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D12

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force

D13

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force
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D14

Without pain Max. grip

Grip 1 mean | Grip 1 mean
Force Force




Wrist extension force (EF)
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Max. Wr.E

Pre-test 1 Pre-test 2

Wr.E 1 Mean | Wr.E | 1 Mean
Force Force

Immediate

Without pain Max. EF

Wr.E 1 Mean Wr.E 1 Mean
Force Force

D1

Without pain Max. EF

Wr.E 1 Mean Wr.E 1 Mean
Force Force

D2

Without pain Max. EF

Wr.E 1 Mean Wr.E 1 Mean
Force Force

D3

Without pain Max. EF

Wr.E 1 Mean Wr.E 1 Mean
Force Force

D4

Without pain Max. Ef

Wr.E 1 Mean Wr.E 1 Mean
Force Force

D5

Without pain Max. EF

Wr.E 1 Mean Wr.E 1 Mean
Force Force
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D6

Without pain Max. EF

Wr.E 1 2 Mean Wr.E Mean
Force Force

D7

Without pain Max. EF

Wr.E 1 2 Mean Wr.E Mean
Force Force

DS

Without pain Max. EF

Wr.E 1 2 Mean Wr.E Mean
Force Force

D9

Without pain Max. EF

Wr.E 1 2 Mean Wr.E Mean
Force Force

D10

Without pain Max. EF

Wr.E 1 2 Mean Wr.E Mean
Force Force

DI11

Without pain Max. EF

Wr.E 1 2 Mean Wr.E Mean
Force Force

D12

Without pain Max. EF

Wr.E 1 2 Mean Wr.E Mean
Force Force

D13 Without pain Max. EF

Wr.E 1 2 Mean Wr.E Mean
Force Force
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D14

Without pain Max. EF

Wr.E 1 Mean Wr.E Mean
Force Force




APPENDIX 6
Notable relationships among outcome measures during

the most painful day post-exercise
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Notable relationships among outcome measures during the most painful day
post-exercise (i.e., D1, D2) were also reported. There included VAS & LS (D1),
VAS & GS (D2), and VAS & WES (D1) (r = 0.401, -0.581, and -0.494, respectively),
LS & PPTM (D2), LS & AF (D1), LS & AF (D2), LS & PF (D1) and LS & PF (D2)
(r = -0.459, -0.508, -0.554, -0.60, and -0.685, respectively), PPTO & CPTO (Dl),
PPTO & CPTO (D2), PPTM & CPTM (D1) (r = -0.509, -0.556, and -0.47,
respectively), AF & GS (D2), AF & WES (D2), AE & PPTO (D1), AE & PPTM
(D1), AE & GS (D1), AE & GS (D2), AE & WES (D2), and PF & PPTM (D2) (r =
0.675, 0.463, 0.42, 0.397, 0.416, 0.518, 0.463, and 0.415, respectively), GS & WES

(D1) and GS & WES (D2) (r = 0.499 and r = 0.646.
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The relationship among measurement outcomes on day 1 (D1) and day 2 (D2) post

exercise.

Correlation r p-value
VAS & LS (D1) 0.401 0.047
AS & GS (D2) -0.581 0.002
VAS & WES (D1) -0.494 0.012
LS & PPTM (D2) -0.459 0.021
LS & AF (D1) -0.508 0.010
LS & AF (D2) -0.554 0.004
LS & PF (D1) -0.60 0.002
LS & PF (D2) -0.685 0.000
PPTO & CPTO (D1) -0.509 0.009
PPTO & CPTO (D2) -0.556 0.004
PPTM & CPTM (D1) -0.47 0.018
AF & GS (D2) 0.675 0.000
AF & WES (D2) 0.463 0.020
AE & PPTO (D1) 0.420 0.037
AE & PPTM (D1) 0.397 0.050
AE & GS (D1) 0.416 0.039
AE & GS (D2) 0.518 0.008
AE & WES (D2) 0.463 0.020
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Correlation r p-value
PF & PPTM (D2) 0.415 0.039
GS & WES (D1) 0.499 0.011
GS & WES (D2) 0.646 0.000
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Summary Stretching with proprioceptive neuromuscular facilitation (PNF) is frequently used
before exercise. The prophylactic effect of PNF on symptoms of muscle damage induced by
eccentric exercise of the wrist extensors was examined in this study. Twenty-eight healthy
males were randomly divided into the PNF group (n = 14) and the control group (n = 14).
PNF was used before eccentric exercise induction in the wrist extensors. All subjects were
tested to examine muscle damage characteristics including sensory-motor functions at base-
line, immediate and from 1st to 8th days after the exercise-induced muscle damage (EIMD).
The results demonstrated that the PNF group showed a lesser deficit in some sensory-motor
functions (p < 0.05) than the control group. The prior PNF stretching application could be
useful for attenuating the signs and symptoms of muscle damage after eccentric exercise.

© 2010 Published by Elsevier Ltd.

Introduction

Muscle damage occurring after unaccustomed activities or
high-intensity of exercise = common physiological occur-
rences in daily life. Exercise-induced muscle damage (EIMD)

* Corresponding author. Tel.: +66 53 949246; fax: +66 53 946042.
E-mail address: aatit@chiangmai.ac.th (A. Paungmali).

1360-8592/5 - see front matter © 2010 Published by Elsevier Ltd.
doi:10.1016/j.jbmt.2010.07.006

can cause several types of muscle pathologies such as
muscle strain, cramp and soreness (Miles and Clarkson,
1994). Delayed-onset muscle soreness (DOMS)
a common neuromuscular condition that affects individuals
the day after they perform vigorous or unaccustomed
exercises. Eccentric muscle contraction has been reported
to induce muscle damage (Miles and Clarkson, 1994;
O'Connor and Hurley, 2003). The symptoms of DOMS
usually decline within a week. However, when the symp-
toms of muscle damage happen in patients during

stretching on
Therapies (2010), dof:10.1016/4.jbmt.2010.07.006
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of muscle damage induced by eccentric exercise of the wrist extensors, Jounal of Bodywork & Movement
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Reliability of muscle function and sensory perception
measurements of the wrist extensors

Peanchai Khamwong, MSc, PT,' Kazunori Nosaka, PhD, PE,” Ubon Pirunsan, PhD, PT,’

and Aatit Paungmali, PhD, PT'

'Departinent of Physical Therapy, Cliang Mai University. Chiangmai, Thatland
*School of Exercise, Biomedical and Health Sciences, Edith Cowan Umversity, Foondalup, Western Australia, Anstralia

ABSTRACT

This study determined the reliability of muscle function and sensory perception measures of the wrist extensors.
The test-retest reliability of the measurements was determined by an intraclass correlation coefficient (ICC),
coefficient of variation (CV), standard emor of measurements (SEMs), and one-way repeated measures ANOVA
using the values collected from 25 young (20.6 = 1.3 years) healthy male volunteers on two occasions separated
by 1 day. The measures consisted of grip strength. wrist extension strength (WES), range of motion in active and
passive wrist flexion and extension, choice reaction time, vibration sense (VIB), joint position error sense (JPE),
cold pain (CP) and heat pain threshold, and pressure pain threshold. An acceptable reliability was determined
as the ICC values greater than 0.85, CV less than 15%, and SEMs less than 5%. ICC of all measures except for
JPE were greater than 0.85, only CV of JPE, CP, and VIB exceeded 15%, SEMs were higher than 5% only for JPE
and CP. and the ANOVA showed a significant time effect for CRT and WES. It is concluded that most of the
measurements except JPE are reliable and can be used to investigate effects of a physiotherapy intervention on

the wrist extensors.

INTRODUCTION

Asscssing muscle funcrion and sensory perception is
important in physiotherapy to diagnose a symptom
and examine effectiveness of an intervention in both
climcal and research settngs. Commonly used muscle
function assessments include maximal voluntary con-
traction (MVC) strength during isometric or dynamic
contraction and active range of mouon (Clarkson,
Nosaka, and Braun, 1992: Leger and Milner, 2001).
Some of the sensory perception assessments include
pain intensity using a visual analog scale (VAS) and
pain threshold pressure using an algometer (Slater,
Arendt-Nielsen, Wright, and Graven-Nielsen, 2003;
Slater, Arendr-Nielsen, Wright, and Graven-Nielsen,

Accepted for publication 21 August 2000

Address correspondence w Aatit Paungmali, PhD, PT, Neuro-Musculo-
skeleral and Pain Research Unit, Department Physical Therapy, Faculny
of Associated Medical Sciences, Chiang Ma University, Chuang Mai,
Thailand 50200,

E-mail: aatuachiangmai.ac.th

2005). Other measures such as reaction time, vibration
sense, and joint position error sense have been also
used in some studies to evaluate musculoskeletal
condiuons (Bisser cr al, 2006; Brockett ct al, 1997;
Weerakkody et al, 2001). However, the majority of
the previous studics investigated muscle function and
sensory perception for the ¢lbow flexors (Hubal,
Rubinstein, and Clarkson, 2007: Nosaka, Newton,
and Sacco, 2002), knee extensors (Byrne, Eston, and
Edwards, 2001; Paschalis et al, 2007) and calf muscles
(Webster et al, 2002; Weerakkody et al, 2001). Little
attention has been given to the forearm and wrist
muscles.

The forearm and wrist muscles are important for
daily acrivities such as eating, cooking, and writng.
as well as for sporting actvities such as racket sports.
The number of research studies on the wrist extensors
was limited, thus assessing muscle function and sensory
perception of these muscle groups was focused on in
this study. In the previous studies investigating exercise-
induced muscle damage, only pressure pain threshold
and Likert pain scale were used to assess muscle

1
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