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Abstract

Purpose : The aim of this study was to assess the intra- and inter-rater reliability and validity of measurements of head, neck,
and pelvis posture using a mobile application in subjects with forward head posture.

Methods : Forty-eight volunteers (22 men, 26 women) participated in this study. Two raters independently examined whole body
picture images in a lateral standing posture with arms crossed using a CA-Smart Posture Reminder (CA-SPR), and a rater took and
calculated posture images twice to assess reliability. We measured five parameters: craniovertebral angle 1 (CVAL1), anterior shoulder
translation (AST), pelvic tilt (PT), knee angle (KA), and ankle angle (AA) in the subject’s sagittal plane using CA-SPR. We
examined whole spine X-ray images in the same position to assess validity. We measured four variables in the subjects: CVA2,
translation distance (AHT), anterior pelvic plane (APP), and sacral slope (SS). The intra- and inter-rater reliability were calculated
using the intraclass correlation coefficient (ICC). Convergent validity was calculated using Pearson’ s correlation coefficient.

Results : The intra-rater reliability (ICC=.889 —-.989) and inter-rater reliability (ICC=.800 -.980) were excellent for all variables
measured using CA-SPR. The variables measured using CA-SPR and X-ray were significantly positively correlated (r=.623, p<.01).
However, the correlation of the variables in the pelvis was not statistically significant.

Conclusion : This study shows that a mobile application (CA-SPR) is a useful tool for measuring head and neck posture in

subjects with forward head posture. However, further study is needed to measure pelvic variables when using a mobile application.
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Table 1. General characteristics of the subjects (n=48)
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2 Ao A 2Hpd ofEeA o] CA-SPR
= 742 A] S8(Galaxy S8, Samsung, Korea)o] 4 %] 3}of =}
| §7ke AASHEh CASPRE Zh4] 24S 9l5to]
U ¥ AMX(unity engine)= ©]-§35to] e Qt=E=o]
E(android) 7|4t o Z|A o] Ho|t}.
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o Bolz AES sigon, AAAE gakRe] 2R
of M AEAE Sk ZTHAE HAE7](tragus), &
2-2]&7|(acromion), 7¥HH Tw 2] 7}A]E7](7th cervical
vertebrae; C7), 9]¢ ™ w7} A](anterior superior iliac
spine; ASIS), 95 %% W 7}A](posterior superior iliac
spine; PSIS), & 7|(greater trochanter; GT), gtha|w 7}
2 9132 §- 7] (lateral epicondyle; LE), Fol2jm 7}&E A}
(lateral malleolus; LM)Z 3}t HEHFYLZ o 1H7§}$]_ 7}
w2trh vietah =g skA Aol A A sl e
W, oo 9% dwle] vzl BRE $EAA Ao
H9E 4 U=S AR} BUE Ajolo] AgE 3
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B g o] M(calibration)& 3FH oW, HARAZE HAA3H
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Subjects
Gender, male/female (n) 22/26
Age (years) 20.98+1.77
Height (cm) 167.67+8.86
Weight (kg) 63.46+12.71
BMI (kg/nr) 22.35+3.08
Mean+SD, CVA; craniovertebral angle
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Mz} vheks 4ol Ao] o] el zo|n, ASTE B
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2jo|t}. PT ASIS®} PSIS7H A|Ube 417} vheha} 4233
9l o] o] Zhwo|u], KAL GT9 LES Sl 417
LE®} LM Sl 4Alo] o]|F&= Zto|th. AAS LES LM
& ol o] HiErT 419l AT} o] ZhEolt),
CA-SPRO) 274 Astgrol e 49 BES ghole)
7] §15te] XerayS ol &3 A4l B7HE AN A
A= CA-SPR S4 3} FURE ApAJofl A 23 A 9] %
HHS FYstolen, 2= HAE7]9 ot 2= e

0] % (anterior shoulder

W7l 298 4 YRS Stk Xray AL BA am
E ¢ of(Santa DICOM Viewer free, Santesoft Ltd, Cyprus)
g olgsto] RS Xray 2% Wk v W22
2(CVA2), ™3| "o]5(anterior head translation; AHT),
=W H (anterior pelvic plane; APP), & X|w| ZJ Al(Sacral
slope; SS)= 3} thFig 1). CVA2E= EX|&E7|¢} C7& a
= A atg g} g3l Ao) o] o, HAE7Y
= Xeraydd Holz] 7] o] & Aol A= v
(external auditory meatus) A¥S 7|Eo=2 =H34 T}
(Jung 5, 2013). AHT= T4 =w =59 F-9
(posterior-superior)@} C70] A= BRI} 52]Q1 A9
Atk APPE Fjmie} ASISS| QA M} vhehal 4
¢l Ao] o]f= Ztrolal, SS= &AW (sacrum) A

whel 18 o] mhekat WA o] R Zmolch

Fig 1. Posture measurement parameters A;

neck), C; X—ray(pelvic)

CA-SPR, B; X-ray(haea and

CVAT1; craniovertebral anglel, AST; anterior shoulder translation, PT; pelvic
tilt, KA; knee angle, AA; ankle angle, CVA2; craniovertebral angle2, AHT,;
anterior head translation, APP; anterior pelvic plane, SS; Sacral slope
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correlation coefficients; ICC(2,1))E& AF&3}3th. CA-SPR
A ol 49 B Bolel] Sla) moles A
Al4=(pearson correlation) & 085} 3l, §2 & a =.05
2 Agshack

1. CA-SPR9] &A=} 1,

1

A7 7+ AFE

AR Aol 23] 28] A% CA-SPRO] =&z} 1] Al
Fr= Ao 2 AAI(CVAL)  ICC=919, o7 A ol%s
(AST) ICC=889, ZHl7]&7|(PT) ICC=989, TE7}%
(KA) ICC=965, 'TEHZE=(AA) ICC=9592 2 AlF=
£ H ¢ tH(Table 2).

A A Bof o8] 4% CA-SPRO| 547 1t
R
(AST) ICC=800, Z4l7]&7|(PT) ICC=980, FE7}%
(KA) ICC=970, =7 =(AA) ICC=93608 =2 A=
T ZHe H G tH(Table 3).
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2]

m 2z 3
Table 2. Intra—rater reliability of posture assessment using CA—SPR (n=48)
Measurer A e 95 % Confidence Interval
1st Min Max
CVAL () 52.71%5.59! 52.98+5.94 919° 855 954
AST (mm) 19.40+8.43 20.62+9.44 .889 .801 938
PT (°) 8.89+11.12 8.61+£10.88 989 980 994
KA (°) 175.01+7.18 175.02+6.81 965 938 981
AA () 96.94+3.61 97.33+£3.50 959 927 977

'Mean+SD, *ICC, CVAL; craniovertebral angle 1, AST; anterior shoulder translation, PT; pelvic tilt, KA; knee angle, AA; ankle angle

Table 3,

Inter—rater reliability of posture assessment using CA—SPR

(n=48)

Measurer A

Measurer B ICC

95% Confidence Interval

Min Max

CVAL () 52.7145.59" 53.10+5.42 .8902 .804 938
AST (um) 19.40+8.43 19.89+8.87 .800 633 .891
PT (°) 8.89+11.12 8.40+10.70 980 964 989

KA (°) 175.01+7.18 175.19+7.20 970 946 983

AA (°) 96.94+3.61 97.14+3.41 936 885 964

'Mean+SD, *ICC, CVALI; craniovertebral angle 1, AST; anterior shoulder translation, PT; pelvic tilt, KA; knee angle, AA; ankle angle

2. CA-SPRY| 4% Hgw

A A] CA-SPRE] H49} X-ray HS
o A3 sl o 23 woal

CA-SPRE| A= 2 AA|I(CVAD T Xerayo] ¥ 2%}
A2(CVA2)E =565, (p=.000), ™ 2]HHo]E(AHT)S
r=-.508(p=.000)°.2 5= FEo LJUBAE Hich
ShARE SRk A w574 el CA-SPRY] IZHE7|&
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7)(PT)&} X-raye] ZHFOHH(APP)S r=-.007(p=.417), % | = H Y tK(Table 4).
B PAKSS)= r=.141(p=339) 0.2 W& 52 *&%Fﬁ?ﬂrﬁl

Table 4. Validity of posture assessment using CA-SPR (n=48)
X-ray
CVA2 (°) AHT (mm) APP (°) SS (°)
CVAI (°) 565" -.508"
PT (°) -.007 141

pearson T, *p<.05, **p<.001, CVA; craniovertebral angle, PT; pelvic tilt, AHT; anterior head translation, APP; anterior pelvic plane,
SS; Sacral slope

V. 22 & T ICC=72202 ZQirh 9 2 22 Be W49l o

HHE o F o] S(hip shift AP), FE0]%5 (knee shift)?] =

AA AAE BASE o R gyt qrapp 84 H AlFme zE ICCRsasy ICCRseel TR, S
DRAE 2] ZEA 5 ol e ALY, TE ety A A ALEES A2 ICC=559F ICC=T50] 90T o)
(photograpy), W 3712} (topography), X-ray G2 @ A FRAS dgAte] AlAlel AEA R EAR

i

AAste] AAE BT oleat wle AR Ay CASPRE cl8ete] Aol EAHE FRAT Ve
N2 98 17be mEge] L Segolrt Way T w = AT I o] Aol A= PSME o g3te]
2 &9

Of

o} H mulelEo| slu|ale] Aloko] opx| i, Exa AT HEE T F AR Sl EetH e FRAE 4
323} g AZo] 7| 9 70| SAFE 0] o] 2 o)L sto FEAIGE Aol zpol7} ok AR A A iR
st AlF A4 ADE BAsks mutel o] Zalz o] Ao AAE Skl ZRAE FA S HHS 549 A
urche] 7 9}, FleE Fol7] 913 WO R AQtEojof & A o= A}

B AT AL hERO|E St mutel ofFel Aoy FHT:
CA-SPRS o|&3lo] AWz = 712 22 thate Fortin 5(2012)2 544 A3 553 (idiopathic
2 AN AlF A Y Wohol =AY - 7 AFE scoliosis)& 4 o&2 tAd 7ietE o] &3to] FYPH
o} 27 B E= solsly] ko] AxlstaT). 1 AT AR S B AT EHo]Ql clinical photographic posture
o]ZalA ol =& o] 2R Y AlFEl Hud assessment tool (CPPAT)S ©]-8-3Fo] A4t o] AbA| H 7}
2| ZHA| 1I(CVAL), o} 7] Aufo] Z(AST), &4t7]L7](PT), & £ AAISH ICC=91~969] SHA Y 428 =g KHist
27 (KA), BHEZFE(AA)O A ICC=889~.9898 =o Ko, oj= AYHARA S gz HAT & A+
2zol AFES BAW, =AHG 7+ A= oF FARRE Axtelrh. shAvE SR T AlFEE
[CC=800~9800 & =& Zzo] AFE2 Woch ICC=90~98% R astgict. mutd  ofF Wﬂol” 2l
Boland(2016)©] 1ol AL 108 7|uko = 7urel mup  CA-SPRUCC=80-98)7F PSMUCC=55~T5)% £& +&
Q] ojZg|A o]l posture screen mobile (PSM)S ©]-& o) Al oAt APl 24 AZESJO)S o] 8ot EE
sho] HAF Aole tiAFo @ =Ao et =A% ) - 7+ -Lot(photograpy)] Bl x& pEoR UERE 20|
AFE AT2 AAEY 1 AT o2 9HE] o] E(head th ol &rtEtem MR HA LAY 9o ZRAE
W PCol| AA|E 4 L EFo|E o] &3t

shift AP), o7 2F= o] =(shoulder shift AP)2] =&z} U IEA
H
[e}

| gt
A% 7H7F 1CC=739} ICC=680] A1, =X} 7+ A1 P o] Zpo|7t Qlo] A FAIS AHdto] Zpol7t 9l
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