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[ Abstract ) Objective To assess reliability and validity of the three-dimensional (3-D) ultrasound
measurement of apical vertebral rotation in patients with adolescent idiopathic scoliosis ( AIS). Methods Sixteen
female AIS patients were recruited. Ultrasound examinations were performed using a 3-D ultrasound unit with a
SonixGPS system, which were compared with magnetic resonance imaging ( MRI) examinations conducted on the
same day. Two raters performed 3-D ultrasound scanning in supine position on angle measurements for vertebral
rotation in the transverse plane three times, respectively. The center of laminae (COL) method was used to measure
apical vertebral rotation in the 3-D ultrasound image, compared with the Aaro-Dahlborn results of MRI. Reliability
of the 3-D ultrasound measurements was assessed using intra-class correlation coefficients (ICC), mean absolute
deviation (MAD), standard deviation (SD) and standard error of measurement (SEM). Validity of the 3-D
ultrasound measurements was assessed using paired Student z-tests, Bland-Altman statistics and Pearson correlation
coefficients. The level of significance was set as 0. 05. Results 3-D ultrasound had high intra- and inter-rater
reliabilities (ICC [2, £]>0. 9, P<C0. 05) for assessing vertebral rotation. There was no significant difference
between the Aaro-Dahlborn results in MRI and the COL results in 3-D ultrasound (P>>0. 05). High consistencies
(Bland-Altman) and correlations (Pearson) were demonstrated between the two methods. Conclusion Radiation-
free 3-D ultrasound is a reliable and valid method for measuring apical vertebral rotation in the transverse plane of
patients with AIS.

[Key words]) Adolescent idiopathic scoliosis 3-D ultrasound Vertebral rotation Reliability
Validity
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Fig 1 3-D ultrasound system and 3-D ultrasound scan in the supine position

A 3-D ultrasound system; B: A patient with AIS; C. Ultrasound scanning was undertaken in the supine position
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Fig 2 Reconstructed 3-D ultrasound (US) images of a scoliotic spine in the 3 orthogonal planes

Fig 3 Comparison of apical vertebral rotation

(AVR) measurements revealed by 3-D ultrasound and MRI (30 curves from 16 cases)

2A: Coronal plane; 2B; Sagittal plane; 2C: Transverse plane; 3A: Centers of laminae (COL) method in 3-D ultrasound; 3B: Aaro-

Dahlborn method in MRI; 3C: Comparison of AVR measurements by Rater 1; 3D;Comparison of AVR measurements by Rater 2
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Table 1 Intra -and inter-rater reliability of apical vertebral rotation

assessments using 3-D ultrasound (COL method)

Observer Curve/n ICC [2.k] (95%CD
R1 30 0.989 (0.979-0.994)
R2 30 0.981 (0.966-0.990)

R1/R2 30 0.978 (0.954-0.989)

COL: Center of laminae; ICC: Intra-class correlation; CI:
Confidential interval
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Table 2 Intra- and inter-rater differences in apical vertebral rotation assessments using 3-D ultrasound (COL method)

Observer Curve/n MAD (95%CD/ ° s (95%CD/ ° SE (95%CD/ °
R1 30 0.4 (0.1-0.7) 0.2 (0.1-0.5) 0.2 (0.1-0.4)
R2 30 0.5 (0.1-1. D 0.3 (0.1-0.7) 0.2 (0.1-0.5)
R1/R2 30 0.8 (0.0-3.0) 0.6 (0.0-2. 1) 0.4 (0.0-1.5)

COL: Center of laminae; MAD: Mean absolute difference; s: Standard deviation; SE: Standard error of measurement

2.3 ZHBRNENERR

2.3.1 Pt =4EB5 R COL Jydki& o
ATS 0™ 5 BE B T00HE BiE 5% B, I &S (R ] X11.96s

7.5°+5.2°; MRI 3% A§ Aaro-Dahlborn J5 3] & , H
IS AE R 7. 7055, 775 T by 0 4 R 2 )

Difference/®
(25@
ol ®
0
0]
(0]

o]

0

(@)
ZR TG FE X (P=>0.05) , i 45 51 %) b LI 3 P 1965
C.3D,
2.3.2 Bland-Altman — % /]-iﬁﬁ— % ilD [E] 4 F)?ZT’\‘ ’ 740 é 1‘0 1‘5 2.0 2.5

Average of measurements/’

=Y S MR 25 R 2 e — S s (K
D)o X T AWM INE (n=30), Fj Fh J5 % ) 4k 2% B4 Bland-Altman % T = 475 5 MRI B4 R 09— Bl
A HCR 0. 27,952 — B AR A 1 F FRAE N Fig 4
—1.4°~1.8°,

2.3.3 Pearsong X B % K Pearsontf] £ &

Agreement of results between 3-D ultrasound and MRI for
assessing apical vertebral rotation as indicated in Bland-

Altman plot



440 DY I R 2 25 4 (B 2 D)

549 %

BOTA = 458 74 1% COL Wk J7 ¥l MR 18 1%
Aaro-Dahlborn I i J5 i PPk ATS HE-H e f ) 2
[ AH G (L 5) . 25 5% 58 7R 1 7 3 T 4 445 21
Z R B AE G PER R (R C R %L r=>0.9, P<C0.05),

20}
$=0.927 4x+0.370 3 .

E R=0.9799

E 15' Y

>

e

el

o

510

<

[}

=

£ s

<
0 , , , ,
0 5 10 15 20

AVR measured by 3-D ultrasound/’

Bl 5 Pearson TEFM=HBE S5 MRI UELERHHEXE
Fig 5 Pearson correlations of results measured by 3-D ultrasound and

by MRI for assessing apical vertebral rotation (AVR)

3 it
Haim. PEAE ATS HE-B e % M FE W2 1822 Jr ik

A :XZ.CT f MRI* " X 2R 07 2 AS Al S e M A
{40 N T S D e A == 7 S A s T E 2/ T
ATIS HEB e M . CT M MRI B8 4% AR ] B
WRHEEFEK T B AR . SR, &F A CT A
7 A R R ) R B RO A DA Y A R
MRI # £ 9% F1E R B 5t 8 PRI .

PEAESR s =Y 75 BR TEAL RO DU i ATS /9B 5%
BN 240 S5 A B T . AR RS R — R G
S YR T RO R A T S . RS R B R R
J5 WL REAE A 0 ER 0 PP Al ATS HE R LE IR 1w Y
ey £ o 0 RAR SR B TR
WP T Gn ] i = A SRR B R R ATS B [
B e 2 £ 3L 452 0 W COL v A8 /K 7 gL ) e
B R A RE L ELI 3 A BE RSO R AL AR
Sefh b ARSI = 4 S R COL It 7 3 6
A AENE RS2 B P R T ALS 8 i A 1 e % £
A PPA S DA B HLVE A A5 B 5008 . 45 R R, B =
HefE 7 R COL Wi J7 3 1Al ATS JE ME B e 5%
FRE I 7 2 /TR0 4 N A oG R B ICC H R F
0.9, MAD.s il SEM {& 4 %l/NTF 3. 0°.2. 1°f0

5% LIRZERLRW], = 4E A v HI T AIS i
HMEE KT T b 0 e 5% AR R HEA B g pE
HWN/EBE .

FHEE T CT 807 s MRT BAR S — Fh TG 6 5
MRS 7 0 A9 A I R 06 1 10 B R . FE AR Y
o, SRR A R COL DI 7 R FH 5 MRT g
Aaro-Dahlborn & 77 2% # 17 b 888 9F 4 FL R, 45
HLROR . S YE R A MRT U & ATS M5 IE 4% f i
MR Z TR) 22 5 T 48 it 2% B X, H Pearson K 5 4
Ktk . R AR Bland-Altman J5 35 941
—4E RS MR S5 R 2Z R — Bk, 95% —
SRk S PR P A e A 2 B K WD P R T ik Y
— BT L AR P AT S IE (n=
30), = 4EiE S 5 MRI k25 5L 22 0] 9506 — Bk
BRI R R -1, 47 ~1. 8, -2 22 {8y 0. 2°, i
REE R 3. 2° Wi ik Z ) — stk . kot
FAERFW, =4 B R COL J5 i i it AIS &
HHE e fh B B R AU

e S B I PR R 6 v, % e CET P X ZR % MR
FEAR 2 R P I 1 o R RO T R
AR B G0 T I 32 2 0 o 5 0 B oA M
FEHTHE . o B — M T AR LR
A Sy VR M I JEE A B ) W E AR B o e
Ko UM T A RE S KL A0 A 25 R e B OE R
0 E L 3 I 7R A G AR I R 5% L ME AR S 2 R Bk
SRV ME S EFE A BE 0 . DRI Oy ol AR A A
ok AR A 5T 45 R B R, 2 A0 PR ER R R S
BT 10 iR B H A T =AM aef
FEFAHE B = i 75 G o 5 R E ZE 4 4
b AR R RSk R U R A RS R AR 4 Rk
5 IRFRI A RIER Sk 5 R 2 H Bk R A7 2 ik

MR M 75 AR 45 . COL 3 MK F T | P A
5 0 S R A AR 10 e e AR R L IR Ut i e
HERIMEA 72 R AR BB S 2Z R T =4S
COL W J5 ¥E s w48 /. Beobh, =47 COL il
T VR I — SO B R R R HEA O Y
—SCME A o R P R Ck  E  E S S B
AR HP O 7 B B . PR R R R R Sk
B BN 2l A E Ik A CT MR I i Uy AT
0 £ 5 SR 22 18 1 8% 3h & ST HEIRZS A,

WFE R IE  ATS f8 5 HE R ™ £ BE 5 e % #
b FIREE Sy R (N 1 S S i R N TR £
(Cobb 1) BRH) AIS & 18R, G, A< B
FEEHGE T AIS B2 rp RN, B 3 (10°~45°), =
e S E ATS B RN BT (>>45°) B HEH e
SR WS SRS A TR — B

Zi B RTIR 4R R BORAE S — B JC 4R S



%3l

EOTREE . YRS R BRI T A AR P 0 A TOUME S A EE A A S AU e 441

R A8 2 AL O i T T34l ATS J8 38 TRAME7E K
I b B e AR COL LI & B A B i fE S
RE . AWEFEEE R = 2 A AR R TE ATS I
PRAZ W FVEA o A B2 4 436 B 4K s A B T 4R
AIS TR AT =4 R s A R

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

& % x #t

DOLAN LA,

Danielsson and J. A. Morcuende
scoliosis. Lancet,2008,371(9623) :1527-1537.
HRESKO MT. Clinical practice. Idiopathic
adolescents. N Engl ] Med,2013,368(9) :834-841.
LAM GC, HILL DL, LE LH, et al.

WEINSTEIN SL, CHENG JC. et al.

adolescent idiopathic

scoliosis in

Vertebral rotation
measurement; a summary and comparison of common
radiographic and CT methods. Scoliosis, 2008,3:16 [2017-
10-207 . https://doi. org/10. 1186/1748-7161-3-16.

CUI GY, WATANABE K, NISHIWAKI Y], et al. Loss of
apical vertebral derotation in adolescent idiopathic scoliosis:
2-year follow-up using multi-planar reconstruction computed
tomography. Eur Spine J,2012,21(6):1111-1120.

DI SILVESTRE M, LOLLI F, BAKALOUDIS G, et al.
Apical vertebral derotation in the posterior treatment of
adolescent idiopathic scoliosis: myth or reality? Eur Spine J,
2013,22(2):313-323.

CHAN AC, MORRISON DG, NGUYEN DV,et al. Intra-
and interobserver reliability of the cobb angle-vertebral
rotation angle-spinous process angle for adolescent idiopathic
scoliosis. Spine Deform,2014,2(3):168-175.
NEGRINI S, AULISA AG, AULISA L,

SOSORT guidelines: orthopaedic and rehabilitation treatment

et al. 2011
of idiopathic scoliosis during growth. Scoliosis,2012,7(1):3
[2017-10-20] . https://doi. org/10. 1186/1748-7161-7-3.
KOTWICKI T. Evaluation of scoliosis today: examination,
X-rays and beyond. Disabil Rehabil,2008,30(10).:742-751.
CHEUNG CW, LAW SY, ZHENG YP. Development of 3-D
ultrasound system for assessment of adolescent idiopathic
scoliosis: And system validation. Conf Proc IEEE Eng Med
Biol Soc, 2013, 2013; 6474-6477 [ 2017-10-20 ] . http://
ieeexplore. ieee. org/document/6611037/.

VO QN, LOU EH, LE LH. Reconstruction of a scoliotic
spine using a three-dimensional medical ultrasound system.
Scoliosis, 2015, 10 (Suppl 1): P17 [2017-10-20] . http://
www. Scoliosis journal . com/content/10/S1/17.

CHEN W, LOU EH, LE LH. Using ultrasound imaging to
identify landmarks
deformity. Conf Proc IEEE Eng Med Biol Soc, 2011 8495-
8498 [ 2017-10-20 1.
publication/221758191 _ Using _ ultrasound _ imaging _to _

in vertebra models to assess spinal

https://www. researchgate. net/
identify_landmarks_in_vertebra_models_to_assess_spinal _
deformity.

CHEN W, LE LH, LOU EH . Ultrasound imaging of spinal

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

vertebrae to study scoliosis. Open ] Acoust,2012,2(3): 95-
103 [2017-10-20] . http://file. scirp. org/Html/1-1610035_
22602. htm.

ZHENG R, CHAN AC, CHEN W, et al.

Intra-and inter-

rater reliability of coronal curvature measurement for
adolescent idiopathic scoliosis using ultrasonic imaging
method—a pilot study. Spine Deform,2015,3(2):151-158.

ZHENG R, YOUNG M, HILL D, et al. Improvement on
the accuracy and reliability of ultrasound coronal curvature
measurement on ais with the aid of previous radiographs.
Spine(Phila Pa 1976) ,2016,41(5) :404-411.

il £ e, WeEwL & g T F DR R
FEON O VA 915 B2 5 2 BERF S, T B R AT R A Ak 7, 2017, 32
(2):146-150.

KOTTNER J, AUDIGE L, BRORSON S, et al. Streiner
guidelines for reporting reliability and agreement studies
(GRRAS) were proposed. Int J Nurs Stud,2011,48(6) :661-
671.
CHEN W, LOU E, LE LH. A Reliable semi-automatic
program to measure the vertebral rotation using the center of
lamina for adolescent idiopathic scoliosis. 5th International
Conference on Biomedical Engineering in Vietnam,2015;159-
162 [2017-10-20] . http://www. docin. com/p-1461223846.
html. doi: 10.1007/978-3-319-11776-8_39

VO QN, LOU EH, LE LH. Measurement of axial vertebral
rotation
Scoliosis,2015,10(Suppl 2) :S7 [2017-10-20] . https://doi.
org/10.1186/1748-7161-10-S2-S7.

VRTOVEC T, PERNUS F, LIKAR B. A review of methods
for quantitative evaluation of axial vertebral rotation. Eur
Spine J,2009,18(8):1079-1090.

CURRIER DP. In:Elements of research in physical therapy.
Third Edition. Baltimore: Williams and Wilkins, 1990 160-
171.

BLAND JM, ALTMAN DG.

using  three-dimensional  ultrasound images.

Statistical methods for

assessing between two methods of clinical

measurement. lancet,1986,327(8476):307-310.
BLAND JM, ALTMAN DG.

agreement

Comparing methods of
why plotting difference standard
method is misleading. Lancet,1995,346(8982):1085-1087.

WANG Q, LI M, LOU EH, et al. Reliability and validity

measurement : against

study of clinical ultrasound imaging on lateral curvature of
adolescent idiopathic scoliosis. PLoS One, 2015, 10 (8):
€0135264[ 2017-10-20] . https://doi. org/10. 1371 /journal.
pone. 0135264.
YOUNG M, HILL DL, ZHENG R, et al. Reliability and
accuracy of ultrasound measurements with and without the
aid of previous radiographs in adolescent idiopathic scoliosis.
Eur Spine J,2015, 24(7).1427-1433.

(2017 — 09 — 25 Yk, 2017 — 11 — 27 &)

e



