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Reliability of image analysis for scapular alignment by scapular position estimator program
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ABSTRACT

Background: Nowadays, there are numerous tools
for scapular alignment evaluation, though previous
methods present some limitations. The scapular

position estimator program was developed for
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scapular alignment assessments in several
planes. However, the intra-rater and inter-rater
reliability of this tool are yet to be investigated.
Thus, both tests of intra-rater and inter-rater
reliability are in need of studying.

Objective: to test the intra-rater and inter-rater
reliability of the scapular position estimator
program.

Methods: Thirty-three healthy participants were
recruited in this study. Two raters with different
clinical experience evaluated scapular alignment
in 5 outcomes including lower horizontal distance,
upper horizontal distance, upward rotation angle,
superior translation angle, and external rotation
angle. The intraclass correlation coefficients
(ICC, ,) for intra-rater reliability were calculated.
The intraclass correlation coefficients (ICC, ,) for
inter-rater reliability were also calculated.

Results: The intra-rater reliability according to the
experienced rater showed a high level (ICC, , =
0. 77 - 0. 98) , whereas intra-rater reliability
according to the 4th—year—undergraduate student
demonstrated a moderate to high level (ICC, , =
0.68 - 0.97). The inter-rater reliability of this study
represented a moderate to high level (ICC, , =
0.60 - 0.92).

Conclusion: The present findings show high intra-
rater reliability for the scapular position estimator
program in accordance with the experienced
rater, while the results show moderate to high
inter-rater reliability. Hence, the assessor should
be trained by an expert clinician before using this
tool.  In addition, further studies ought to
investigate reliability in patients with scapular

malalignment for several conditions.

Keywords:  Scapular alignment, Intra-rater
reliability, Inter-rater reliability, Intraclass

correlation coefficient
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Inc. Released 2008. SPSS Statistics for Windows,
version 17.0 Chicago: SPSS Inc.) %’@H@‘ﬁuﬂ’]wﬂm
@Wzﬁ’]@ﬂ/ﬂﬂmm\ﬂugﬂLLLI'LIV’]"]L’Q?VIEI dawidleaiun
NIMTFIU Al wazfanas naAaLNIINITANERA
289103 ARILANA Shapiro wilk test

wmmummLﬁﬂamﬂlu;ﬁmﬁfm@ﬁﬁ
dutls=Ana auduriusnieludiuuuy 3, 2 (Intraclass
correlation coefficients; ICC3V 2) LATNAFAUAINN
WeeszadnaddadanaindudssAnt anduiug

Aneluduwuu 2, 2 (Intraclass correlation

'
= o o o ¥

coefficients; ICC, ,) NezAutud1Anydasndn 0.05
IpsIA1 ICC tating 0.5 a3 N ANNINENFZALIAN
AN ICC 1ANNF1UFaWINAY 0.5 wAtiasndn 0.75 0
| = o , ,

A10AN NN AULNUAAG WAZAN ICC HANNYGN
WIawiniy 0.75 DadidAnnuievet lussiuge'”
LmzﬁﬁmsrﬁhmmmmmﬂmmLﬂﬁ@ummgﬂulu

N33/ (standard error of measurement; SEM)'*™

Distance between nfesior angle and thoracic ine 7 &7
Distance between end of scapua spine and thoracis Ine e73 914
Upmard rotation angle a9 %1
Superior Hanslation angle 688 680
Extemna rotation angle of scapula 28 48

B

'
a v

5U% 1 A; nIRRfInARIuAZFUINENYINNIMAARY B; N9Rnfazviaudtyn niqndNaLisioniaziin
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NAN152]8
=S : @ [ o =
nsAnEHAudeya luaanainsgunIng

AU 33 AU (LWATNE 17 ABLAZINAUILY 16 AL)

v '
° o

21¢\aRe 21.03 + 1.53 T Wninuiniede 61.73 +

12.07 Alaniu dauguiade 167.15 + 8.07 [WURWAT
WATANFTRNAIANELRAY 21.94 + 2.69 Alansuse
AN919LNAT IHaNAAELNNINIZANLAITaT By AAY 8

anA Shapiro wilk test Wudn1suanuasdeyatng

I~ Yo a ~
ﬂQWNLWﬁQﬂﬁﬂlquﬂmﬂuVI ThALAUN 2114”]’]3\

dszifiuumisnszanaziinluwinsedelug

= o X LA o ]
’Q']ﬂN@ﬂqi‘ﬂﬂﬁfmﬂﬁ'QUWU']’]WHﬁJ\T’BT@iﬂﬂ 0

Y o

a3A1 HAraouineanialuddnusazauat iy

72AUg (ICC, , = 0.77 - 0.96) Nynsadalua 30

a dl Y o 1 1
AIAN mmmmmmmﬂummmamumﬂu

o

22AUgY (ICC, , = 0.76 - 0.96) gndu Aqulsg

¥ ¥

external rotation angle (11941¢) n’mlué"fmﬂuﬁ 2

fAav Nt lustAuliunana (ICC, , = 0.70)

¥

yusadalua 60 90 uaz 120 89/ HA1AMNLNLY

=)

nalugdnusiazauetlusziuge (ICC, , = 0.79 -

0.97) Nyxadalug 150 a9/ NANAMNNEaAe LY

a

TausiazAuetlusTAUga (ICC, , = 0.77 - 0.98)

20

(% o . . g
8NLIUAIUL 9 superior translation angle (114291)
oo U o \ o
mﬂslutaqmﬂuw 2 ummmmamq‘lmmuﬂm
nan (ICC, , = 0.71) uaziyusedalug 180 ase
A . Yo \ ' o
ummwmmmﬂuspmLLm:ﬂuaquimuqq
(ICC, ,= 0.85-0.98) anidumauils external
. % % v Yo d‘
rotation angle (119feuardn9197) Aeluddnaun
o o . o
2 Nmmmmmaq‘lmmuﬂmﬂmq (Icc, ,=0.72

WA 0.73 ANNANAL) (AN3799 1)

= Yo = =
mmmmmm‘lu@qmuw 1 uazaun 2 lunis

dszifiusumbinszananinluvinnisdalua

'
oA

ANNHANITANHIASIRNUINNNNN9T e Iva

a

o A %o ] \
0 a3AN Nﬂqﬂ’]’]NLV]EI\?J’]’]EIIHEQ@LLW@Z@H@%IU

o

7LAL4Y (ICC, ,= 0.82-0.97) anidumquils

¥ ¥

external rotation angle (11941¢) ﬂﬁﬂiuﬂi’mﬂuﬁ 2

fApnumenagluszAulunans (ICC, , = 0.71)

¥

yun19dalug 30 uaz 60 @91 HATAIHLTIEY

=)

nalugdnusiazauatlusziuge (ICC, , = 0.76 -

0.97) Nyun1edalug 90 asan HArAMTaenIely

Tausarauatluszauga (ICC, , = 078 - 0.96)

©32p

%

anIuAawls upper horizontal distance (41941%)
wazAquLls external rotation angle (4198181) nnelu

o P = , o
AAUN 2 mumm’mmm@qlmmuﬂmn@’m

©32p

(ICC, , = 0.68 uaz 0.74 AuaAL) NyuN1dalua
120 2961 HArAnsen s luddnusasaueglu

4 o

7EA UG (ICC, ,= 0.84-0.96) anidusauils
external rotation angle (198 8) ﬂﬁf;lslué'?mﬂu‘ﬁl 2
ﬁﬁﬂ'ﬁmmLﬁmeq’iuixﬁuﬂmﬂmq (Icc, ,=0.75)
fagunnedelug 150 aeen Araafissnnelugda
wiazAuag/ uszALga (ICC, , = 0.80 - 0.97) enidu
FauLls external rotation angle (419291) n1elugdn
AT 2 ﬁ@hm’mLﬁmmﬂui:ﬁuﬂmﬂmq (icc, , =
0.69) waziiyuniedalug 180 asan fiAnAraTies
naluginusazauatluszauge (ICC, , = 0.78 -
0.98) ainiusawls upper horizontal distance (414
de) nelugdanuil 2 SA1aanuiesesluszay

tunans (ICC, , = 0.72) (A19747 2)

N P v a =
AIMNINENTZCUIINHIA AN 1 uazAuN 2 Tunas

dszifiusumisnazanaziinluwitsedalug

¥

HanIgANEINUIIyNadalng 0 09an
A A oA A | v \ o

(UnuzEIuT) HAANINENTTnInaginas luseAuga
(ICC, ,= 0.78-0.89) anidumauils upper
horizontal distance (119918 Was4192991) wa e
upward rotation angle (119718 Lazd19291) A
ANesszudadinelusziulunas (ICC, , =
0.60 - 0.71) Nynvadalua 30 as/ FArANNLALS

1 ¥

sendnaginagluszAuga (ICC, , = 0.76 - 0.86)

al

o ¥ ¥

anIuAawl s upper horizontal distance (41941%)

. k7 ¥ Y
upward rotation angle (11918 LA ZAIIUQN)
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superior translation angle (119291) way external

o

. 3 a dl 1 v
rotation angle (1149191) HATAMHLINENTEUINNGIA

1
=

ag luszauiunane (ICC, , = 0.61 - 0.73) Nyuae
48’14 60 a4/ Fauwils lower horizontal distance
(T19f18uazd19991) upper horizontal distance
(114291) wazaauLlg external rotation angle (414
dre) HRAdainessudwginelussiuge (1CC, ,
= 0.78-0.90) 49429 upper horizontal
distance (419418) upward rotation angle (41988
WAZ114991) superior translation angle (41941eLaz
LS . 1% g
1149791) LaL external rotation angle (1149291) NAN
o D e o
ANLTIENTTNINNEInat lussAutunang (ce,, =
0.64 - 0.75) Nyuvadalua 90 a3 HiNavsawls
lower horizontal distance (419918LAaZI19971) WAL
. ¥ % ¥ dld 1

external rotation angle (UNALALUINUIN) NHAN
ANWENsTudne It lussiugs (ICC, , = 0.77 -
0.84) dausA 21U 9 upper horizontal distance (414
% v . v %
T8 LAZUINUIN) upward rotation angle (U998

LA $°]9.IJ’1\1°]J')’1) AL superior translation angle (°f|”1\1

32AUUNana (ICC, , = 0.62 - 0.74) Nynadalug

120 29A1 HAANWERsEndnegdnas luseduiu

]

na14 (ICC, , = 0.62 - 0.75) aniduAauils upper
horizontal distance (119271) WAL upward rotation

Y o

9 % a = \
angle (U1941¢) ummwmﬂwxmwgqm‘lu
72AUga (ICC, , = 0.80 Az 0.76 ANNAAL) ﬁxgma
dalua 150 09A1 FaudsinuAIANNRIEUdNE
Tnlusziuge (ICC, , = 0.77 - 0.84) laun lower
horizontal distance (41999 1) upper horizontal
distance (4149291) upward rotation angle (41998l
Lazd19U91) WAL superior translation angle (414
S o . o L we
U91) @Quﬁl')LLﬂﬁ‘WWUﬂ’]WJ’]QJLV]EQ%WJNQQ@SL‘L&
szAUYIUNAY (ICC, , = 0.62 - 0.75) i lower
horizontal distance (119418 ) upper horizontal

distance (1199¢)) superior translation angle (114

1% . (% 9 (%
f1¢l) Was external rotation angle (UNNALAZUNN
a o . ¥ ¥
991) HLNeA2LLe upward rotation angle (11978
wazdnen) wazyusadalng 180 a9 HA1AN
Weaszudnegineg luszAtige (1ICC, , = 0.76 - 0.83)
Tusauls lower horizontal distance (T19g18az419
991) upper horizontal distance (4149291) upward
rotation angle (419918 Wa external rotation angle
o o = | = | va
(119297) dausaurlsinuAipaNLNeNsErdein
szAudIUNand (ICC, , = 0.63 - 0.75) lAun upper
horizontal (4194 12) upward rotation angle (4114
291) superior translation angle (A9t hazdg

291) uaY external rotation angle (419418) (A1s199

3)

N P vae = =
AN INENTSNINNHIAAUN 1 uazAun 2 lunasg

Uszidusumbinszananinluviinisdalua

HANTIANHINLIIyNNIedalua 0 aden
(Pouziuile) HAnAnnuinassendnedineg luszAugs
(Icc, ,=0.82-0.92) gNIUA2LLT upward rotation

¥ ¥ ¥ a dl o
angle (TNELLAZUINUIN) LANANENTEALLNUY

al

na14 (ICC, , = 0.66 UAY 0.63 ANANAL) NN
dalua 30 a9A1 HArA BTz 19gTnagu
LAUga (ICC, , = 0.76 - 0.90) anidusiauls upward
. v %3 U a dl
rotation angle (419t 1auazdn9a91) AA1AINLNEN
szAuLIuNae (ICC, , = 0.61 UAY 0.68 AMNAIAL)
= o . o )
wa\qluﬂwﬂ'aiuﬂ 60 84A1 Aawils lower horizontal
distance (4149181 uaz419991) upper horizontal
distance (119991) superior translation angle (414
dneuazdn9191) wazFallils external rotation angle
(1etne) HArAa N masszndegdnag luseAugs
(IcC, , = 0.76 — 0.90) d@ausauils upper horizontal
distance (419481) upward rotation angle (41988l
1 ., o =
BAZAINTIN) WAL external rotation angle (274991) |
ArANessEdaginetlusyAuiunans (1CC, ,
= 0.64 — 0.73) Ayun1edalua 90 avAn ALeesn

wil9 lower horizontal distance (F14dn8iazd19291)
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o

niAAmee sz ineg lussiuge (1ICC, , =
0.76 - 0.80) 1AL IUANANNTUNAIAIIN LS
sendnaginlusyauiunans (ICC, , = 0.61 - 0.75)
o v - o L vl
nyunnedalug 120 a9 HAnAaumenszndnedin
g TuszAuuge (ICC, , = 0.77 - 0.87) anidusa
il upward rotation angle (1148 uazd19w97)
WAL superior translation angle (T19tneuazdngaan)

HAANeNsTndnaddnluseAuliunans (ICC, ,

0.66 - 0.72) Niyunedalua 150 a9/ ludouils
lower horizontal distance (T14F18wazd192191)
. . ¥ % %
upper horizontal distance (UNAELAZAINUIN) LA
external rotation angle (1714297) HATA N LAES
sendnaginluseAngs (ICC, , = 0.77 - 0.87) d9us

A o L ae .
utlsuanaIntdull AA NN TEndNETn lussay
nunane (ICC, , = 0.66 - 0.72) Lmzsgmmﬁ@”lwi
180 8971 HANAMNEITENINagTnat luszAugs
(IcC, , = 0.78 - 0.82) amidusauils Tusuls

upward rotation angle (4 1 94 1 & ) superior

translation angle (4149991) wa g external rotation

£ % £ al dl 1 v
angle (TNT8UATL19297) HANANNNENTENINaE
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A9199 1 Ao HERANelWInALT 1 uwarAun 2 aa9nstssiliusnuenszgnaziinluinening

FTATNNTEUINNN SLALNIITLUING root of YUNITUYUTAU YUNITLARDUAUADY YUNITUYUBANUDY
ANURNNABINTEANASLUN  spine ABINTEANALNNU 2RINTEANALLIN nseanaziin nseanaziin
T g NLLUIININAIEAH LUATIINAN9RIA2 (R49AN) (R49MAN) (R49AN)
q
(NaALNAT) (NaaLNmT)
var P v P v P 2as a 2as a 2as a var a 2as a var P var =
HIRAUN 1 fIRAUT 2 HIRAUN 1 fIRAUTN 2 HInAUN 1 JIRAUTI 2 {IRAUN 1 JARAUT 2 {IRAun 1 dIRAUN
0° gt mean+SD 87.4+15.3 88.5£16.0 75.5£11.1 81.7£11.9 102.647.5 110.1%5.1 69.9+3.7 67.4+3.0 5.2+3.8 6.1£3.8
IcC 0.92 0.91 0.92 0.86 0.96 0.90 0.95 0.95 0.91 0.77
(95% CI) (0.83-0.96) (0.82-0.96) (0.85-0.96) (0.72-0.93) (0.92-0.98) (0.80-0.95) (0.91-0.98) (0.90-0.98) (0.82-0.96) (0.52-0.88
SEM 4.3 48 3.1 4.5 15 1.9 0.8 0.7 1.1 18
U9 mean+SD 90.4+15.0 92.0+15.9 81.4+10.1 85.6£12.5 105.046.5 108.4+4.6 69.0 + 3.4 66.3+2.9 4.9+3.1 6.7+4.1
ICC 0.93 0.93 0.90 0.90 0.89 0.82 0.94 0.94 0.79 0.82
(95% CI) (0.86-0.97) (0.87-0.97) (0.79-0.95) (0.79-0.95) (0.78-0.95) (0.64-0.91) (0.88-0.97) (0.87-0.97) (0.58-0.90) (0.64-0.91
SEM 4.0 42 32 4.0 2.2 1.9 0.8 0.7 1.4 1.7
30° Siald mean+SD 92.3£16.4 92.6£16.3 80.1£12.3 86.2£12.8 103.97.5 113.76.8 70.9+3.9 67.8+3.3 6.2+3.9 5.7+3.4
IcC 0.89 0.93 0.96 0.90 0.90 0.88 0.96 0.97 0.89 0.71
(95% Cl) (0.78-0.95) (0.86-0.96) (0.91-0.98) (0.79-0.95) (0.80-0.95) (0.77-0.94) (0.92-0.98) (0.93-0.98) (0.78-0.95) (0.39-0.85
SEM 5.4 4.3 25 4.0 2.4 2.4 0.8 0.6 1.3 2.2
A9 mean+SD 92.8+17.3 94.7417.9 84.5£11.0 88.0+13.3 110.646.1 112.0+4.6 70.143.0 67.142.8 5.4+3.3 5.8+3.6
ICC 0.93 0.93 0.90 0.91 0.86 0.76 0.91 0.93 0.84 0.77
(95% CI) (0.85-0.96) (0.85-0.96) (0.80-0.95) (0.82-0.96) (0.71-0.93) (0.52-0.88) (0.81-0.95) (0.86-0.97) (0.68-0.92) (0.53-0.89
SEM 46 47 35 4.0 2.3 2.3 0.9 0.7 1.3 17

UNILLUA: Mean A AL@AY, SD: standard deviation A8 mulﬂﬂ\‘imusﬂmg’m, ICC: Intraclass correlation coefficient A8 dNUsc@nTanduwusnieludu (Icc, ,), Cl: confidence Interval Aa 499AN

4 o o A o
LIANY, SEM: standard error of measurement A8 mmmﬂmmﬂﬂﬂummﬂﬁﬂummm
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Zs

A919% 1 Ao e ludinAuT 1 uaraun 2 aaenslssiliuanuienszgnaziinluinening (sia)

FEATNINTEUINY N STETNINTEUIN root of NNNITUNUAY YUNITLARDUAULR YUNTUYUBBNUDY
ANUAINUBINTEANAZLIN  spine TRINTEANASLNAL WBINTEANALIN nszanaz1n nszanaz1n
T o NULUININANAIA LUANINANGIAHAA (29A) (29A) (R9A)
- - _ _ -
(NAaLNAg) (NAaLNng)
HIAAUN 1 HIRAUN 2 HIRAUV 1 dIRAUN 2 {9RAUN 1 JIRARR 2 fIRAUN 1 dIRAUTi 2 fARAUN 1 HIRAuR
60° 418 mean+SD 94.2+15.8 95.9+14.3 90.7+15.1 95.8+11.3 115.9+8.1 122.0+6.9 73.8+4.3 71.0+3.8 6.7+3.9 6.6+3.9
IcC 0.90 0.91 0.94 0.89 0.91 0.86 0.95 0.95 0.86 0.79
(95% CI) (0.81-0.95) (0.82-0.96) (0.87-0.97) (0.77-0.94) (0.82-0.96) (0.72-0.93) (0.90-0.98) (0.91-0.98) (0.71-0.93) (0.58-0.90
SEM 5.0 43 3.7 3.7 2.4 2.6 1.0 0.8 15 18
Slole meanSD 97.1£15.7 100.0£17.8 92.4+12.7 97.0+14.3 120.6+8.5 120.4+6.2 73.4+3.4 70.243.1 5.6+3.7 5.9+3.5
IcC 0.92 0.94 0.87 0.92 0.89 0.86 0.89 0.90 0.83 0.83
(95% CI) (0.83-0.96) (0.88-0.97) (0.74-0.94) (0.84-0.96) (0.77-0.94) (0.72-0.93) (0.79-0.95) (0.80-0.95) (0.66-0.92) (0.65-0.92
SEM 4.4 4.4 46 4.1 2.8 2.3 1.1 1.0 15 1.4
90° 48 mean+SD 123.1£14.7 127.8+17.8 94.9+13.6 100.2+13.4 134.4+9.0 135.0£5.9 79.645.0 75.6+4.3 21.8+8.8 24.848.4
ICC 0.94 0.87 0.95 0.90 0.94 0.86 0.95 0.96 0.88 0.84
(95% CI) (0.88-0.97) (0.73-0.93) (0.89-0.97) (0.81-0.95) (0.87-0.97) (0.71-0.93) (0.90-0.98) (0.92-0.98) (0.75-0.94) (0.68-0.92
SEM 3.6 6.4 3.0 4.2 2.2 2.2 1.1 0.9 3.0 3.3
97 mean=SD 124.7£15.6 134.1£16.6 98.7+12.7 103.2+14.7 139.7+8.2 135.745.4 79.445.0 75.4+3.7 19.7+7.6 27.17.4
ICC 0.97 0.79 0.90 0.92 0.91 0.81 0.96 0.90 0.82 0.68
(95% CI) (0.94-0.99) (0.57-0.89) (0.79-0.95) (0.84-0.96) (0.82-0.96) (0.61-0.91) (0.92-0.98) (0.79-0.95) (0.63-0.91) (0.35-0.84
SEM 2.7 7.6 4.0 4.1 2.5 2.3 1.0 1.2 92 4.2

NNTELUR: Mean Aa ANLadt, SD: standard deviation Aie d9willENLIUNIATFIY, ICC: Intraclass correlation coefficient An dusz&naanduiusnialudu (ICC, ,), CI: confidence Interval Aig 424A

\Iaxu, SEM: standard error of measurement A ANANARTIALARSUNIATIUILNNTTA
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€5

AN919% 1 AAoHENANeluinAuT 1 uaraun 2 aaensssiliuanuienszgnaziinluineniug (sia)

FEATNINTEUIINN FLALNIIFEUING root of NNNITUYUAY YUNITLARDUAULR YUNITUYUBANUDY
ANURNNABINSTEANASLUN  spine ABINTEANALNNU 2RINTEANALIN nseanaziin nseanaziin
_— o NULUININAIAH LUATNINANIRIA2 (R49AN) (R9MAN) (R9AN)
Q
(NAALNAT) (RRALNAT)
2o P 2o P 2o P Yo P Yo P 2o P o P var P 2o P o
AU 1 HIRAUN 2 HRAUTi 1 dIRAWA 2 EARAUN 1 J9RARR 2 IRAUN 1 d9RAUTi 2 dIRAUN 1 HAnAuf
120° 4w mean+SD 125.4413.3 133.8415.6 89.0£13.3 97.3£12.0 146.8+8.4 147.846.7 85.445.0 80.3+4.6 31.148.8 38.547.7
ICC 0.94 0.94 0.91 0.88 0.94 0.88 0.94 0.95 0.92 0.91
(95% CI) (0.87-0.98) (0.88-0.97) (0.822-0.96) (0.76-0.94) (0.87-0.97) (0.76-0.94) (0.88-0.97) (0.90-0.97) (0.83-0.96) (0.82-0.96
SEM 3.3 3.8 4.0 4.2 2.1 2.3 1.2 1.0 25 23
A7 mean+SD 128.64£12.9 139.0£16.3 92.6£13.0 99.9+15.1 149.647.5 146.25.9 84.5+5.2 80.4+3.9 31.047.2 39.946.6
ICC 0.95 0.93 0.92 0.87 0.92 0.86 0.97 0.88 0.84 0.89
(95% CI) (0.89-0.97) (0.87-0.97) (0.84-0.96) (0.75-0.94) (0.84-0.96) (0.71-0.93) (0.95-0.99) (0.75-0.94) (0.67-0.92) (0.78-0.95
SEM 2.9 4.3 3.7 5.5 2.1 2.2 0.9 1.3 2.9 2.2
150° 4w mean+SD 125.0£12.6 134.2414.2 88.6£10.9 90.9+11.4 152.648.6 151.546.8 85.545.5 80.4+5.0 42.4%7.0 47.9+7.1
ICC 0.94 0.95 0.77 0.84 0.95 0.87 0.98 0.82 0.81 0.90
(95% CI) (0.89-0.97) (0.89-0.97) (0.53-0.89) (0.67-0.92) (0.90-0.98) (0.74-0.94) (0.95-0.99) (0.63-0.91) (0.61-0.90) (0.80-0.95
SEM 3.1 3.2 5.2 46 1.9 2.5 0.8 2.1 3.1 2.3
A1 mean+SD 125.8+13.8 140.0£16.2 88.3£13.6 95.2+13.4 152.448.9 149.6+8.9 82.6+4.5 80.9+4.5 42.6+7.8 48.0%6.1
IcC 0.90 0.96 0.89 0.82 0.93 0.94 0.95 0.71 0.93 0.83
(95% CI) (0.80-0.95) (0.93-0.98) (0.77-0.94) (0.63-0.91) (0.86-0.97) (0.88-0.97) (0.90-0.98) (0.42-0.86) (0.86-0.97) (0.66-0.92
SEM 4.4 3.2 45 5.7 2.4 2.9 1.0 2.4 2.1 25

UNILLUA: Mean A AL@AY, SD: standard deviation A8 qumﬁmmummgm, ICC: Intraclass correlation coefficient A8 dNUsc@nTanduwusnieludu (Icc, ,), Cl: confidence Interval Aa 499AN

4 o o o o
LIANY, SEM: standard error of measurement A8 mm'mﬂmmLﬂ@@ummﬂﬂﬂummm

PmErew

U1 FUUMELUDBIK

TuY=

~
~

o

G 199G WMLITIMLURBLULLYELL

Go-zv (1)



¥S

AN919% 1 AAoHENANeluinAuT 1 uaraun 2 aaensssiliuanuienszgnaziinluineniug (sia)

NUNITLARDUTUDY

FLAUTNNTENINYN FEATNITEWIN root of NNNITUNUTY NUNITUYURANTUDY
AUANTRINSEANASLN  spine 1BINTEANALNAL 1BINTEANALLIN nszAndzIn nszAndzin
" - NULUININANAIF? LUITNNARIAA (29A0) (24An) (R9An)
Q
(HaRLumT) (HaALNmT)
HInAUT 1 H3nAUA 2 HinAud 1 EIRAUR 2 EIRAUR 1 HIRAUT 2 EIRAUR 1 HIRAUT 2 EIRAUR 1 EIRAUT
180° 418 meantSD  125.6%12.2 134.4+13.2 87.9£10.0 87.2¢11.7 155.2+8.3 154.347.0 80.2+4.8 77746 48.9+7.8 56.16.5
IcC 0.91 0.94 0.89 0.87 0.96 0.90 0.98 0.96 0.93 0.72
(95% CI)  (0.82-0.96) (0.87-0.97) (0.79-0.95) (0. 74-0.94) (0.92-0.98) (0.80-0.95) (0.97-0.99) (0.91-0.98) (0.85-0.96) (0.43-0.86
SEM 37 3.2 33 42 1.7 22 07 0.9 2.1 34
991 meantSD  126.74132 135.1£14.3 84.3£12.7 87.4£12.5 156.846.5 151.4456 81.7+4.2 78.2+4.0 49.6+8.0 53.446.2
ICC 0.95 0.91 0.88 0.86 0.85 0.81 0.97 0.95 0.87 073
(95% CI)  (0.91-0.98) (0.82-0.96) (0.76-0.94) (0.72-0.93) (0.71-0.93) (0.61-0.91) (0.94-0.98) (0.89-0.97) (0.74-0.94) (0.45-0.87
SEM 3.0 43 4.4 47 25 25 07 0.9 29 3.2

NNTBLUR: Mean Aa ANLade, SD: standard deviation Aie #9willENILIUNIATFIY, ICC: Intraclass correlation coefficient An &utlszAnaanduiusnialudu (ICC, ,), CI: confidence Interval Aig 424AN

\I85l, SEM: standard error of measurement A A1AINARIAARBUNIATFINIUNTTR
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AN9199 2 AAoHWENANaluIRALT 1 wazAun 2 aaensdssiiiusnumiinsegnazinluinnslua

FTATNINTEUINHNN STETNINTLUIN root of HNMTUHUAY YUNTLARDUAULR YUNTUHUDBNUDY
ANUANUBINTEANAZLIN  spine TRINTEANALNAL ABINTEANALIN nszanaz1n nszanaz1n
o S NULUININANAIA LUANINANGIAIHAA (29A1) (29A) (29A)
2 - - - -
(HARaLNAT) (NAaaLNng)
2o a; 2o n; 2o a v a v a v a (2% a v a var a var al
HIAAUA 1 HIRAUN 2 HIRAUT 1 dIRAUN 2 E9RAUN 1 d9RARA 2 EIRAUN 1 JIRAUTi 2 dARAUN 1 HInAuR
0° et mean+SD 87.5+15.0 89.0+17.4 75.310.1 80.7+10.9 101.547.8 107.545.3 69.8+ 4.0 66.9+3.1 5.7+3.4 6.5£3.7
IcC 0.93 0.92 0.91 0.90 0.95 0.91 0.97 0.94 0.91 0.71
(95% Cl) (0.86-0.97) (0.84-0.96) (0.82-0.96) (0.80-0.95) (0.89-0.97) (0.83-0.96) (0.93-0.98) (0.88-0.97) (0.81-0.95) (0.42-0.86
SEM 4.0 4.9 3.0 3.5 1.7 16 0.7 0.8 1.0 2.0
A9 meanSD 90.0+13.8 93.5+16.8 82.2410.5 85.3+12.8 104.5+6.8 107.1+4.4 68.8+2.9 66.1+3.0 4.8+3.0 6.6+4.1
ICC 0.96 0.90 0.89 0.91 0.91 0.85 0.94 0.95 0.87 0.82
(95% Cl) (0.91-0.98) (0.81-0.95) (0.78-0.95) (0.81-0.95) (0.81-0.95) (0.69-0.93) (0.87-0.97) (0.90-0.98) (0.73-0.94) (0.64-0.91
SEM 2.8 5.3 3.5 3.8 2.0 1.7 0.7 0.7 1.1 17
30° dnel mean+SD 84.9+15.4 86.5+17.9 71.0£11.3 75.8+12.2 103.4+8.5 112.446.3 70.6+4.3 67.7+3.6 6.7+4.1 9.0+5.3
IcC 0.91 0.91 0.90 0.94 0.91 0.86 0.96 0.96 0.82 0.80
(95% CI) (0.81-0.96) (0.81-0.96) (0.79-0.95) (0.88-0.97) (0.82-0.96) (0.72-0.93) (0.91-0.98) (0.93-0.98) (0.63-0.91) (0.60-0.90
SEM 4.6 5.4 3.6 3.0 2.6 2.3 0.9 0.7 17 2.4
A9 mean=SD 88.6£14.0 93.3£16.9 78.6+10.8 82.7+13.0 106.4+7.8 111.15.1 69.8+3.0 67.1+3.1 6.4+3.9 9.04.9
ICC 0.91 0.93 0.86 0.93 0.92 0.85 0.93 0.95 0.84 0.76
(95% CI) (0.82-0.96) (0.86-0.97) (0.71-0.93) (0.85-0.96) (0.83-0.96) (0.69-0.93) (0.87-0.97) (0.89-0.97) (0.67-0.92) (0.52-0.88
SEM 4.2 45 4.0 3.4 22 2.0 0.8 0.7 16 2.4

WNELNR: Mean AB ATLAAE, SD: standard deviation A2 A9UILENILUNIATIU, ICC: Intraclass correlation coefficient A duUszansanduwusaieludu (ICC, ), Cl: confidence Interval AR 194AY

4 o o A o
LIANY, SEM: standard error of measurement AR mmmﬂmmﬂaﬂummﬂﬂulummm
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9g

AN919% 2 Ao HENANeluInALT 1 uaraun 2 aa9nstssiliusnuienszgnaziinluinnielua (se)

FEHETNNTENTNYN SEEZNI9TEUIN root of NNNITUYUAY YNNITLARBUAULDY YNNITUYUBANUAY
ANUANTRINTEANALLUN  spine VBINTzANASLNNU ABINTEANHLLIN nszaAndz1n nszaAndz1n
o P ALLUITINANIATRA LUANNNANIATFA (R9AN) (R9AN) (R9AN)
(AAALNAT) (ARALNAT)
HIRAUA 1 HIAAUN 2 {IRAUT 1 dIRAUN 2 {ARAUTi 1 dARAUN 2 dARAufi 1 dARAuN 2 dAmAufi 1 dAnAuR
60° 418 mean+SD 82.4+15.0 84.2+18.6 57.1+12.3 64.7+11.5 110.9+8.4 120.2+7.6 74.8+4.8 71.6+4.3 8.5+4.5 11.746.3
Icc 0.91 0.94 0.90 0.88 0.94 0.89 0.97 0.97 0.78 0.81
(95% CI) (0.81-0.95) (0.87-0.97) (0.80-0.95) (0.75-0.94) (0.88-0.97) (0.79-0.95) (0.93-0.98) (0.94-0.98) (0.55-0.89) (0.61-0.91
SEM 45 46 3.9 4.0 2.1 2.5 0.8 0.7 2.1 2.7
297 mean+SD 88.0+15.1 92.9+17.3 65.9+11.6 74.9+12.0 115.1+9.6 119.9+5.8 74.6+3.5 71.8+3.2 8.3+4.3 11.245.2
IcC 0.93 0.93 0.88 0.89 0.94 0.82 0.93 0.95 0.87 0.84
(95% Cl) (0.86-0.97) (0.85-0.96) (0.75-0.94) (0.79-0.95) (0.88-0.97) (0.63-0.91) (0.85-0.96) (0.91-0.98) (0.74-0.94) (0.67-0.92
SEM 4.0 46 4.0 4.0 2.4 2.5 0.9 0.7 16 2.1
90° Gl mean+SD 109.4£16.0 109.6+18.3 60.9+13.2 62.3+9.0 128.6+8.8 130.8+6.0 79.4+4.8 74.9+4.7 27.8+7.5 34.66.1
IcC 0.91 0.91 0.91 0.68 0.92 0.85 0.96 0.96 0.90 0.74
(95% Cl) (0.83-0.96) (0.81-0.95) (0.81-0.95) (0.36-0.84) (0.85-0.96) (0.70-0.93) (0.92-0.98) (0.91-0.98) (0.79-0.95) (0.46-0.87
SEM 48 5.5 4.0 5.1 2.5 2.3 1.0 0.9 2.4 3.1
U1 meantSD  113.9+16.5 121.2¢21.7 69.6+15.0 72.9+13.6 134.1+8.7 132.2+5.8 80.1+3.3 76.2+3.8 27.5+6.9 34.747.2
IcC 0.91 0.94 0.89 0.81 0.92 0.81 0.92 0.95 0.90 0.78
(95% Cl) (0.83-0.96) (0.88-0.97) (0.79-0.95) (0.62-0.91) (0.84-0.96) (0.62-0.91) (0.83-0.96) (0.91-0.98) (0.79-0.95) (0.55-0.89
SEM 5.0 5.3 5.0 6.0 2.5 2.5 0.9 0.8 22 3.4

WANBLR: Mean Aie ALadt, SD: standard deviation Aig @21l iuuNIAIFIU, ICC: Intraclass correlation coefficient Aa dutlsz@nsanduiusnneludu (ICC, ,) , Cl: confidence Interval A 194AM

\Iaxu, SEM: standard error of measurement A ANANARIALARSUNIATIUILNNTTA
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AN919% 2 Ao HENANeluInALT 1 uaraun 2 aa9nstssiliusnunienszgnazinluiinielua (se)

FEHETNNTEUINYN FTATNIITEUIN root of NNNITUHUAY YUNITLARDUAULR YUNTUYUBBNUDY
ANUANTBINTEANASLIN  spine TRINTEANASLNAL WBINTEANALIN nszanaz1n nszanaz1n
- o NULUININANAIA LUANINANGAHA (29A) (29/) (29/)
q
(NaaLNAT) (NRALNAT)
Yo a v a Yo P v i v i v a Yo a v a Yo a Yo a
HIAAUA 1 HIRAUN 2 HRAUTl 1 dIRAWN 2 HARAUN 1 J9RARA 2 EARAUN 1 d9RAUTi 2 dARAUN 1 {nAui
120° 48 mean+SD 117.3¢15.2 121.8+16.1 72.5¢13.6 75.9¢10.3 140.248.5 140.5+6.2 81.0+3.7 74.8+4.7 34.446.5 43.5+6.2
ICC 0.95 0.96 0.92 0.93 0.91 0.84 0.90 0.94 0.84 0.75
(95% CI) (0.90-0.98) (0.93-0.98) (0.83-0.96) (0.86-0.97) (0.81-0.96) (0.68-0.92) (0.81-0.95) (0.89-0.97) (0.68-0.92) (0.50-0.88
SEM 3.4 3.2 3.8 2.7 2.6 2.5 12 1.1 26 3.1
ol meanzSD 123.1£13.7 129.6+17.9 78.3+15.2 81.4+14.8 144.5+8.7 140.3+5.9 80.9+3.9 76.1+4.4 36.0+6.5 44.846.5
ICC 0.86 0.94 0.90 0.91 0.92 0.90 0.91 0.96 0.90 0.86
(95% Cl) (0.73-0.93) (0.89-0.97) (0.80-0.95) (0.82-0.96) (0.84-0.96) (0.79-0.95) (0.81-0.95) (0.92-0.98) (0.79-0.95) (0.71-0.93
SEM 5.1 4.4 4.8 4.4 2.5 1.9 1.2 0.9 2.1 2.3
150° 418 mean+SD 121.0¢12.1 128.1£14.7 78.4+11.2 80.1+10.4 147.3+8.3 146.9+6.2 81.745.0 75.9+4.5 38.746.1 50.3+7.8
ICC 0.90 0.92 0.92 0.80 0.94 0.87 0.97 0.92 0.80 0.85
(95% CI) (0.79-0.95) (0.84-0.96) (0.83-0.96) (0.59-0.90) (0.88-0.97) (0.74-0.94) (0.94-0.99) (0.84-0.96) (0.60-0.90) (0.70-0.93
SEM 3.8 42 3.2 4.6 2.0 2.2 0.9 1.3 2.7 3.0
ol mean=SD 126.1£12.9 133.9+16.7 80.5+13.5 83.0+14.4 150.9+7.8 145.6+6.1 82.3+4.0 77.4+4.1 44.0+4.5 47.045.1
ICC 0.97 0.95 0.87 0.92 0.84 0.90 0.94 0.90 0.85 0.69
(95% Cl) (0.93-0.98) (0.89-0.97) (0.73-0.94) (0.84-0.96) (0.67-0.92) (0.81-0.95) (0.88-0.97) (0.81-0.95) (0.70-0.93) (0.37-0.85
SEM 2.2 3.7 4.9 4.1 3.1 1.9 1.0 1.3 17 2.8

WANBLR: Mean Aia ALadt, SD: standard deviation Aia @21daiuuNIAIFIU, ICC: Intraclass correlation coefficient Aa dutlszAnaanduiusnneludu (ICC, ,) , Cl: confidence Interval A 194AM

A o = ' P o
LIANY, SEM: standard error of measurement AR mmmﬂmmﬂaﬂummﬂﬁﬂummm
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AN919% 2 Ao HENANeluInALT 1 uaraun 2 aa9nstssiliusnuienszgnaziinluinnielua (se)

SLANNTENTYN FLELN19TEUING root of s,‘mmsm;m?jvu sgumsmé'auﬁwm NUNITUNUBANUD
AIUANTRINSEANALLN  spine ABINTEANATLNAL URINTEANALLIN nszANdziin nszaANAzIn
- - AULUIRINANRIA LUITINAFG (R1A) (29A1) (29A0)
’ (HanLum9g) (HafLum9g)

HInAUT 1

HInAUT 2

HInAUN 1

HInAUN 2

HInAUN 1

HInAUN 2

HInAUT 1 HIRAUT 2

HINAUN 1 HINAUN

180° fel meanzSD 128.8+14.0 133.1£15.3 84.0+10.3 84.8+10.4 154.3£9.3 153.6£6.2 80.946.1 77.5£4.5 50.2+7.9 55.9+£7.0
ICC 0.96 0.97 0.88 0.72 0.91 0.86 0.98 0.96 0.91 0.78
(95% Cl) (0.93-0.98) (0.94-0.99) (0.76-0.94) (0.44-0.86) (0.82-0.96) (0.72-0.93) (0.96-0.99) (0.92-0.98) (0.83-0.96) (0.55-0.89
SEM 2.8 2.7 3.6 55 2.8 2.3 0.9 0.9 24 3.3
191 meanxSD 128.1£13.4 134.4+13.5 81.9+13.4 84.5+13.3 1566.1£7.5 150.3+6.5 82.0+4.6 78.2+4.2 46.1£6.8 54.1+6.6
ICC 0.95 0.95 0.90 0.92 0.88 0.91 0.97 0.95 0.90 0.79
(95% CI) (0.90-0.98) (0.90-0.98) (0.80-0.95) (0.84-0.96) (0.75-0.94) (0.81-0.95) (0.94-0.98) (0.89-0.97) (0.80-0.95) (0.57-0.90
SEM 3.0 3.0 4.2 3.8 2.6 2.0 0.8 0.9 2.1 2.1

NNBLUR: Mean Af ANLBAY, SD: standard deviation Ae dauLdeaiUUNIATF1Y, ICC: Intraclass correlation coefficient Aa dutlsrAndanduiusnialudu (ICC, ,), CI: confidence Interval Aia 124A9TM

\I85l, SEM: standard error of measurement A A1AINARIAARBUNIATFINIUNTTR
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AN9199 3 ANAHINENITUT I ATRIN sl sz Uiz ananinTuianlua

FEAZNNTEUINIYNATUR FEEZNINTEWINN root of YUNITUYUTU YUNITLARAUTUTAINTZAN  YNNITUYUDANTAINTZAN
. ARINTEANAZINALUUD spine ABANTEANASLINNL URINTEANAIIN aziin az1in
< Eh flananesnaa wuIRINATeRI (a9An) (agpn) (a9An)
(RAALNAT) (RaALUMT)

0° . IcC 0.89 0.71 0.71 0.78 0.86
e (95% Cl) (0.77 - 0.95) (0.41 - 0.86) (0.42 - 0.86) (0.55-0.89) (0.72-0.93)

ICC 0.82 0.70 0.60 0.79 0.80
" (95% Cl) (0.63-0.91) (0.39 - 0.85) (0.19 - 0.80) (0.58 - 0.89) (0.60 - 0.90)

30° . IcC 0.86 0.73 0.66 0.76 0.85
e (95% Cl) (0.72-0.93) (0.46 - 0.87) (0.31-0.83) (0.51-0.88) (0.70 - 0.93)

ICC 0.79 0.79 0.68 0.65 0.61
o (95% Cl) (0.57 - 0.90) (0.57 - 0.90) (0.35-0.84) (0.30 - 0.83) (0.21-0.81)

60° . ICC 0.78 0.64 0.74 0.75 0.90
e (95% CI) (0.47 - 0.87) (0.27 - 0.82) (0.48 - 0.87) (0.49 - 0.88) (0.80 - 0.95)

IcC 0.78 0.84 0.67 0.64 0.72
" (95% Cl) (0.47 - 0.87) (0.40 - 0.85) (0.34 - 0.84) (0.28 - 0.82) (0.44 - 0.86)

90° . IcC 0.79 0.70 0.69 0.72 0.77
o (95% Cl) (0.55 - 0.89) (0.40 - 0.85) (0.38 - 0.85) (0.43 - 0.86) (0.54 - 0.89)

ICC 0.84 0.74 0.68 0.62 0.83
- (95% CI) (0.67 - 0.92) (0.48 - 0.87) (0.36 - 0.84) (0.22-0.81) (0.66 - 0.92)

120° . IcC 0.75 0.68 0.76 0.62 0.75
e (95% Cl) (0.50 - 0.88) (0.36 - 0.84) (0.51-0.88) (0.22-0.81) (0.50 - 0.89)

ICC 0.75 0.80 0.71 0.63 0.68
™ (95% Cl) (0.50 - 0.88) (0.60 - 0.90) (0.42 - 0.86) (0.24 - 0.82) (0.36 - 0.84)

150° . ICC 0.75 0.69 0.82 0.62 0.74
o (95% CI) (0.49 - 0.88) (0.37 - 0.85) (0.63-0.91) (0.24 - 0.81) (0.48 - 0.87)

IcC 0.77 0.77 0.84 0.77 0.69
" (95% Cl) (0.54 - 0.89) (0.54 - 0.89) (0.67 - 0.92) (0.53 - 0.88) (0.37 - 0.85)

180° . IcC 0.83 0.71 0.76 0.65 0.63
o (95% Cl) (0.65 - 0.92) (0.42 - 0.86) (0.52 - 0.88) (0.38 - 0.83) (0.24-0.82)

ICC 0.78 0.79 0.75 0.69 0.79
" (95% CI) (0.55 - 0.89) (0.58 - 0.90) (0.49 - 0.88) (0.38 - 0.85) (0.58 - 0.90)

wNNELUR: ICC: Intraclass correlation coefficient Aa dNUsranasndunusnieludu (ICC, ,) . Cl: confidence Interval A8 daAnNTmau
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AN5199 4 ANAHITNEMINNgiaTesnTsLsuiduAulenszgnaztinluinnnglug

FEAUZNNTEWINYNATUA FZUETNIITETUING root of YUNITUYUAU YUNITLARAUAULRINTZAN YUNITUYUABNUDINTEAN
. WBINTZANASLINNUUUL spine AaINTEANAzLINAL ARINTZANKLIN aziin az1in
icie B 'ﬁ'qnawﬁmﬁ'fa Ltuqﬁ'ana']aﬁ'm"fz (GNz)) (GNz)) (a9/n)
(Ra[Lumg) (AadLunT)

0° . ICC 0.92 0.83 0.66 0.76 0.91
e (95% ClI) (0.84 - 0.96) (0.66 - 0.92) (0.30 - 0.83) (0.52 - 0.88) (0.81-0.95)

ICC 0.85 0.82 0.63 0.79 0.78
o (95% ClI) (0.70 - 0.93) (0.64 - 0.91) (0.26 - 0.82) (0.58 - 0.90) (0.55 - 0.89)

30° . ICC 0.90 0.85 0.61 0.76 0.80
e (95% CI) (0.79 - 0.95) (0.70 - 0.93) (0.21 - 0.81) (0.47 - 0.87) (0.60 - 0.90)

ICC 0.82 0.82 0.68 0.85 0.80
o (95% ClI) (0.64 - 0.91) (0.63-0.91) (0.35-0.84) (0.70 - 0.93) (0.59 - 0.90)

60° . ICC 0.90 0.73 0.73 0.79 0.82
e (95% CI) (0.80 - 0.95) (0.45-0.87) (0.46 - 0.87) (0.57 - 0.89) (0.63-0.91)

ICC 0.81 0.83 0.72 0.76 0.64
o (95% ClI) (0.62-0.91) (0.66 - 0.92) (0.43-0.86) (0.51 - 0.88) (0.28 - 0.82)

90° . Icc 0.76 0.67 0.63 0.75 0.61
e (95% ClI) (0.52-0.88) (0.33-0.84) (0.26 - 0.82) (0.52 - 0.88) (0.21-0.81)

IcC 0.80 0.71 0.75 0.72 0.71
o (95% ClI) (0.59 - 0.90) (0.42 - 0.86) (0.49 - 0.88) (0.43 - 0.86) (0.41 - 0.86)

120° . IcC 0.75 0.64 0.61 0.70 0.71
e (95% ClI) (0.49 - 0.88) (0.27 - 0.82) (0.21-0.81) (0.39 - 0.85) (0.42 - 0.86)

ICC 0.76 0.87 0.65 0.73 0.65
o (95% ClI) (0.52 - 0.88) (0.74 - 0.94) (0.29 - 0.83) (0.45 - 0.87) (0.30 - 0.83)

150° . ICC 0.77 0.77 0.68 0.66 0.70
e (95% ClI) (0.53 - 0.89) (0.53-0.89) (0.35-0.84) (0.32-0.83) (0.39 - 0.85)

ICC 0.78 0.87 0.71 0.72 0.82
o (95% ClI) (0.56 - 0.89) (0.74 - 0.94) (0.41 - 0.86) (0.44 - 0.86) (0.64 - 0.91)

180° . ICC 0.80 0.80 0.68 0.80 0.71
e (95% CI) (0.59 - 0.90) (0.59 - 0.90) (0.34-0.84) (0.59 - 0.90) (0.41 - 0.86)

IcC 0.78 0.82 0.78 0.69 0.62
o (95% ClI) (0.55 - 0.89) (0.63-0.91) (0.55 - 0.89) (0.38 - 0.85) (0.23-0.81)

WNELUR: ICC: Intraclass correlation coefficient Aa dNUsranasndunusneludu (ICC, ,), Cl: confidence Interval A8 daeANTail
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