N1SNARAUAMNLITANULAZAMNATIATN N UNANNUSUDIFNIS A LN U AL WAL AT URAASL

dszifivasmnisiadaaulmrasnatdiuarslugnlisiainisiannas

Reliability and criterion - related validity of smartphone application for assessment of

lower back range of motion in individuals without lower back pain
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ABSTRACT

Background: Back range of motion (ROM) testing
can be used as a physical assessment method.
An application for Android smartphones has been
developed to measure a range of motion with the
data automatically stored on the data server for
ease of use.

Objective: The aims of this study were to
investigate the test-retest reliability and criterion-
related validity of an Android smartphone
application to measure active lower back flexion
and extension (ROM) compared to double bubble
inclinometers in a standing position for individuals

without lower back pain.
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Methods: Thirty participants without lower back
pain were tested both active flexion and extension
of the lower back ROM by using the smartphone
application and double bubble inclinometers.
Intraclass correlation coefficient (ICC) models
were used to determine reliability. An agreement
between the two instruments, the standard error of
measurements (SEMs) and the criterion-related
validity were reported.
Results: The smartphone application
demonstrated excellent reliability for both back
flexion and back extension. The ICC showed a
very high agreement between the two instruments.
The SEMs of reliability was reported less than 1.5°.
Moreover, there was a very high correlation
between the two instruments for criterion-related
validity.

Conclusion: The smartphone application is valid
and reliable for measuring lower back ROM in
flexion and extension.
Keywords: Android application, Bubble

inclinometer, Test-retest reliability, Range of

motion, Lumbar spine
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H348 C App Sasrmsiaaanln 3 ASain reliability Criterion-related
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NN3LATIZANAN19ADR

nasawezvidayaldlisunsy SPSS
Version 17 i@g@‘ﬁuﬁmmmmmmﬁmi%gmm\mu
il Vﬂ"]Lﬂﬁlmmzﬁ’nﬁﬁ\uuummﬁm (Mean + SD)
uaznAazseeuiuiesas (%) 1eanguaAaneg
8141837A7 dayagnynagauniIInIzantlnEfafae
Kolmogorov-Smirnov test NA4aLINN Andulse@ns
Mz&”uﬁuﬁ’mﬂ‘lu%u (Icc,,) [AanAEALIAY Within-
day L 2 ¢ Between-day intra-rater reliability 2 @ 9
mma“mivxlmmﬂwamﬁuimummma‘m?{@ﬂmmm
nasuazldans ICC,, nAaaUA inter-rater
reliability Ine A1 1ICC < 0.50 a3l AIAIH
[FesiureinisdnluszAusl A1 1ICC 0.50 — 0.74 fia
IndAAaEesuaesnisdalusysutunand A
ICC 0.75 - 0.90 AadnilAnArudesiuaesnisdnly
32Uga A1 ICC > 0.90 AadnilAnanuideduans

26, 27

m3dnluseAugennn®  nsuAnisulaauulasi

deanganainnsonsaagauls (Minimal detectable
change: MDC) @aanuansldannnisuiAnAqnw
ﬂmmﬂaﬂum’]mgﬁuﬂmm?ffm (standard error of

measurements: SEMs) A941N1T MDCy,, ) o

Winfiu SEMs x 1.96 x square root of 2 1Al

level

SEMs Winnu SD

x square root of 1 - ICC ** %

pooled

ANRNUTz@nTr09A9 10w 9HY (coefficient of

variation; CV) w1'lAann % CV =(SD/ Mean) x 100

%628 geinglafimIn a1nAN SEMs kA MDC Liluan

o o o = = S 9 a
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11390 BeAnAuARIAAAR L nARaNsL IdYa
n1390 A1 SEMs liAQsiAL 5% uaz A1%CV luiaas
Wi 15% “°* A1 95% Repeatability coefficient (R)
AIBIDLAINGMT R = 1.96 x square root of 2 x
(within subject SD)*® A Criterion-related validity
sxmdneannn et nalediudiauiuasas DBI 14
N1INARBUAILAD ALY FEY (Pearson correlation

coefficient; r) InsiANdnUsz@nsanduwug () Jan

0.90-1.00 A8 AMMNANWUEIUgININ, 0.70 - 0.89
AoAd AN usAulusrAuge, 0.50 - 0.69 An
ANdNNusIuluszAud1unane ez < 0.50 Af
AN AR UET UL FUA1 n31¥ Bland-Altman
plots HNUANUTNIUAIINKANFANNYBINNDIAINNG
indAeulTasnsa i uLe N ALAT R LLASe DB
TagIA1 95% Limit of agreement (LOA) ATUAITUATN
477 Mean difference+1.96 x SD* uaz1ld A
FulssAns auduugnnelu (ICC model Two-way
mixed-effect, absolute agreement model, A 31 N
F0iiu 95%)° ieulFanifiauaiugdenndeeii
@uth@mm{mMmmﬂwaLmﬁm%uﬁmm?;m

Double bubble inclinometers

NANN9IRE
doyavialtveveraiasiag
anandsTAsIdnsaNNsI e RN TR R
A AREANAIUIN 30 AU (N=30, 100%) LiluLweA
T8 11 AU (36.70%) WATLNANILN 19 AL (63.30%)
uazduganlfanusniialunnide lnaaanasins
fidnganeaie 21.43+0.68 1 (Min, Max = 20,23)
YamiTniaae 59.65:11.87 Alaniu (Min-Max =
38,84) d9ug3 |23 164.23+9.02 LIuURAWAT (Min,
Max = 152, 183) WazANA@iNIanie 22.02+3.65

Alansu/nmg’ (Min, Max = 15.8, 29.4)

NMARELANAINNIE L LIBINTAUAANAIINAT
BN ALNUEIANN 199
NANNINARALVARANLAN AR RN
Within-day Intra-rater reliability 109aN T 1Ll
‘Wﬁmﬂ‘fuﬁm'f]mmL%faaj’umifi”mimwﬁ”uqqum‘ﬁ”ﬂu
NANNAY (ICC, = 0.97) WATYINUEUNAY (ICC, , =
0.93) Lmzﬁhmmﬁ@ﬁu between-day intra-rater
reliability a¢f luszAugeninluvinAunas (ICC, =
0.95) UAZYINUAUUAY (ICC, ,=0.90) NANNTNARBLA

ANNITaNU Inter-rater reliability e ldaunFmninw
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Lmﬂ‘waLﬂﬁuwudflﬁmmfmL%@ﬁu@giuﬁxﬁua;quﬁﬂ
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@giua‘:ﬁu@qmﬂ%ﬂuvﬁﬁwﬁqLLMLL@'W@“@ (r=
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rrailasa 2 1finluvinAumdaiiAn 1CC Wiy 0.95
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¥4 2 3% ainglafiany nuefasazALAAALAREY

NIATFIUIAINTALAT TR AT AN TIUTAINS

d9

'
' o a

mﬁﬂ'ﬁLﬁumwmummgmm@u%ﬂmmﬂLfa‘ww

e

NLEUNAT Banann aanns 1w Bland-Altman plots
4 e . .
gannsAnuildnageuAIn seeansL (agreement)
o %’ 1 dl A aa 6
IBIN13TATITLNINLATRINE 2 38 (AnFr TN UL
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A1919 1 wantmadauAIAdaunne ludafussidulunisdnginialuduimaniy (Within-day intra-rater

reliability) ANAYNLTRUIDIN13TAT9EUI 19T UBRNETRAAN (Between-day intra-rater reliability) WaZANAIN

\ToNUIzMIN9FgLsTIHUAN9AY (Inter-rater reliability) TavannFalWuLaLnaAdy TuvinAundsuasiuaunas

Intra — rater reliability

Intra — rater reliability

ROM Parameters
(Within-day) (Between-day)
Mean 34.20° 34.32°
SD 6.10 5.91

ICC, , (95%Cl)

SEMs (%SEMs)
Lumbar flexion
MDC,,

CV (%)
R

C

95% LOA (Lower, Upper)
Mean
SD
ICC, ,(95%Cl)

SEMs (%SEMs)
Lumbar extension

MDC,,,

CV (%)
R

C

95% LOA (Lower, Upper)

0.970 (0.938,0.986)
1.06° (3.09%)
2.94°
17.84
5.51
-3.00°, 5.15°
14.68°
2.35
0.937 (0.867, 0.970)
0.59° (4.02%)
1.64°
16.01
5.71
-4.09°, 4.56°

0.951(0.897, 0.977)
1.31° (3.82%)
3.63°
17.22
6.54
-4.19°, 5.88°
156.07°
4.53
0.909 (0.809, 0.957)
1.37° (9.09%)
3.80°
30.06
7.08
-6.70°, 4.63°

ROM Lumbar flexion

ROM Lumbar extension

Parameters
(Inter-rater reliability) (Inter-rater reliability)
Mean 34.20° 14.48°
SD 6.27 4.34
ICC,, (95%Cl) 0.964 (0.904, 0.984) 0.914 (0.819, 0.959)

SEMs (%SEMs)
MDC

95%
CV (%)
R

C

95% LOA (Lower, upper)

1.19° (3.48%)
3.30°
18.34
6.03

=3.187 , 5.35"

1.27° (8.77%)
3.52°
29.97
6.05

-4.13°,5.39°

NNLLURA : ALRAT (Mean), AN ANaNANTUS (ICC) ANAITNARIALAABUNIRNIFIY (Standard error of measurements:
L " a9

SEMs), %SEMs =SEMs/mean x100, A1n 191l uuilasiiaaign (Minimum detectable change: MDC 95% Cl),

o

Ausz@nTvesnarnuilei (Coefficient of variation: CV), #u1lsz@nEn199mG (95% repeatability coefficient: R),

Bland-Altman plots with 95% limits of agreement (95% LOA with upper border, 95% LOA with lower border)
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(Lumbar flexion, Pearson correlation coefficient, r =0.95, P=0.01; ICC=0.95)
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©

Tuvinusunas (Extension)

2. VINUAUNAY

(Lumbar extension, Pearson correlation coefficient, r =0.96, P=0.01; ICC=0.94)

gﬂﬁ 4 LanIng W Bland-Altman plots ATNLANFNGLRAS (Mean difference) m@qguﬂx‘iﬂ’mﬁimaﬂuiuwm
An5m INLLe U na AT uwaz Double bubble inclinometers AN18ULUIBIAIRNTAAINNABAAFRY (The
upper limit of agreement of 95% LOA) LAZ1RLANIIAIAIRINAAITNARAAARY (The lower limit of

agreement of 95% LOA) 11 n. MNANUAS (Lumbar flexion) WAT . YINWEUMAT (Lumbar extension)
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