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Three-dimensional Ultrasound Imaging of Coronal Curvature and Vertebral Rotation Changes from Supine to Standing in
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[Abstract] Objective To investigate the gravitational effect on coronal curvature and vertebral rotation using
3-D ultrasound in patients with adolescent idiopathic scoliosis (AIS). Methods  Sixteen female patients with AIS
were recruited and examined using a 3-D ultrasound unit incorporated with SonixGPS system (Ultrasonix Medical
Corporation, Canada). Ultrasound scanning was performed continuously along the coronal plane from C7 to S1,
with a standing and a supine position, respectively. Coronal curvature and vertebral rotation were measured using
the center of laminae (COL) method. Multivariate linear regression models were established to determine factors
associated with changes of lateral curvature and vertebral rotation in different posture positions. The correlations of
measurements between standing and supine were tested using Pearson correlation analyses. Results Changes of
coronal curvature and vertebral rotation from a supine to a standing posture were within 1. 9°-11. 7° and 0. 0°-5, 9°,
respectively. The changes increased with the severity of AIS. The 3-D ultrasound measurements of lateral curvature
and vertebral rotation were highly correlated. Conclusion  3-D ultrasound can reveal changes of coronal curvature
and vertebral rotation from a supine to a standing posture in patients with AIS, which increase with the severity of

AIS. Further studies in large samples are warranted.
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Fig 1 3-D ultrasound scans and images reconstruction Fig 2 Comparison of coronal curvature measurements using 3-D ultrasound between
standing and supine positions in the patients with AIS Fig 3 Comparison of vertebral rotation measurements using 3-D ultrasound between

standing and supine positions in the patients with AIS

1A 3-D ultrasound scan in a standing position; 1B: 3-D ultrasound scan in a supine position; 1C: Self-developed medical image analysis
software (MIAS) for 3-D reconstruction of ultrasound images; 2A, 3A: In a supine position; 2B, 3B: In a standing position; 2C.: Graph of 3-
D ultrasound measurements of coronal curvature angle in patients with AIS in a standing and a supine position; 3C: Graph of 3-D ultrasound

measurements of vertebral rotation angle in patients with AIS in a standing and a supine positions
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Table 3 Multiple linear regression on coronal curvatures changes between supine and standing positions

Variable B b SE t P
Coronal curvature angle (supine) —7.54 —1.00 0. 01 —144. 25 0. 00
Coronal curvature angle (standing) 8.32 1. 00 0. 01 162. 66 0. 00
Vertebral rotation angle (supine) —0. 01 0. 00 0. 00 —0. 86 0. 40
Vertebral rotation angle (standing) 0. 00 0. 00 0. 00 0. 47 0. 64
Variations in selected UEV —0. 01 —0. 03 0. 01 —2.30 0. 03
Variations in selected LEV 0. 00 —0. 01 0. 01 —0. 59 0. 56

UEV: Upper-end vertebra; LEV: Lower-end vertebra; B: Standardized regression coefficient; b

Standard error

: Partial regression coefficient; SE:
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Table 4 Multiple linear regression on vertebral rotation changes between supine and standing positions
Variable B b SE t P
Vertebral rotation angle (supine) —4.22 —1.00 0. 01 —185.43 0. 00
Vertebral rotation angle (standing) 4. 86 1. 00 0. 01 203.92 0. 00
Coronal curvature angle (supine) —0. 02 0. 00 0. 00 —0. 46 0. 65
Coronal curvature angle (standing) 0. 02 0. 00 0. 00 0. 30 0. 76
Variation in selected apical vertebra 0. 00 —0. 01 0. 01 —0. 81 0. 42
B: Standardized partial regression coefficient; 6. Partial regression coefficient; SE: Standard error
4 AIS 5 AIS
Fig 4 Correlations between coronal curvature measurements in a supine and a standing position in patients with AIS Fig 5 Correlations
between vertebral rotation measurements in a supine and a standing position in patients with AIS
5.0° : >5. 0"~
3 o
10. 0 ’ ’
AIS .
o , » X
COL AIS AIS
L6 -1z, 1] , COL 6.1°~9.0°, ., YAZICT
AIS / KEENEN [ , AIS
(intra-class correlation coefficient, ICC) CT , X , AIS
0.8, 2.8 1y 11 4°~16. 3°,
/ IcC 0.9, ,
3 00[18] R
AIS . , X ,
s AIS
. AIS o
[6-8]
o b
AIS AIS o
o ) , AIS
1L 9°~1L 7°, 4.1°%2.0%
0. 0°~5.9% 2.1°+£1 2% ;

b

° o O. OO’\’ ’



742

) 49

[20]
’

» AIS

AIS

o b

. KEENAN %

Cobb .

COL
Cobb .

AIS

. Pearson s

AIS o ;

AIS

68 2°, ,
AIS

AIS

AIS o
AIS
o AIS

[1] WEINSTEIN SL,
Adolescent idiopathic scoliosis.
1527-1537.

[2] HRESKO MT. Idiopathic scoliosis in adolescents. New Engl
J Med,2013,368(9) :834-841.

[3] JADA A, MACKEL CE,HWANG SW,etal. Evaluation and
management of adolescent idiopathic scoliosis: a review.
Neurosurg Focus, 2017, 43 (4): E2[2018-01-15]. https://
thejns. org/doi/abs/10. 3171/2017. 7. FOCUS17297.

[4] SHI B,MAO S,WANG Z,et al. How does the supine MRI
correlate with standing X-ray of different curve severity in

Spine (Phila Pa 1976),2015,

DOLAN LA. CHENG JC, et al.
Lancet, 2008, 371 (9623) .

adolescent idiopathic scoliosis
40(15) :1206-1212.
[5] YAZICI M, ACAROGLU ER, ALANAY A, et al.

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Measurement of vertebral rotation in standing versus supine
position in adolescent idiopathic J  Pediatr
Orthoped.2001,21(2) :252-256.

KEENAN BE. IZATT MT, ASKIN GN, et al. Supine to
standing Cobb angle change in idiopathic scoliosis: the effect
of endplate pre-selection. Scoliosis,2014,9(1):16[2018-01-
17]. http://www. scoliosisjournal. com/content/9/1/16.
doi: 10. 1186/1748-7161-9-16.

OHRT-NISSEN S, HALLAGER DW, GEHRCHEN M, et
al. Supine lateral bending radiographs predict the initial in-

scoliosis.

brace correction of the providence brace in patients with
Adolescent Idiopathic Scoliosis. Spine (Phila Pa 1976),2016,
41(9) :798-802.

LITTLE JP,PEARCY MJ,IZATT MT,et al. Understanding
how axial loads on the spine influence segmental biomechanics
for idiopathic scoliosis patients: a magnetic resonance imaging
study. Clin Biomech ( Bristol, Avon), 2016, 32. 220-228
[ 2018-01-15 J. https://doi. org/10. 1016/j. clinbiomech.
2015.11.007.

WANG Q. LI M, LOU EH, et al. Reliability and validity
study of clinical ultrasound imaging on lateral curvature of
adolescent idiopathic scoliosis. PLoS One, 2015, 10 (8):
e0135264[2018-01-15] . 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
(AIS). Eur Spine ],2015,24(7) .1427-1433.

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 Deformity,2015,3(2):151-158.
MENG L, WONG M, KEITH D, et al.
response of scoliotic curvature to orthotic intervention: when
should a radiograph be taken after putting on or taking off a
spinal orthosis Spine,2014,39(17):1408-1416.

UNGI T,KING F, KEMPSTON M, et al. Spinal curvature
measurement by tracked ultrasound snapshots. Ultrasound
Med Biol,2014,40(2) :447-454.

ZHENG YP, LEE TT, LAI KK, et al.
validity study for
assessment system using 3D ultrasound imaging. Scoliosis
Disord, 2016, 11: 13 [ 2018-01-15 ]. https://
scoliosisjournal.  biomedcentral.  com/track/pdf/10. 1186/
s13013-016-0074~y. doi:10. 1186/s13013-016-0074~y.

’ ’ ’

Time-dependent

A reliability and

Scolioscan: a radiation-free scoliosis

Spinal

,2017,
32(2):146-150.
CHEN W, LE LH, LOU EH. Reliability of the axial
vertebral rotation measurements of adolescent idiopathic
scoliosis using the center of lamina method on ultrasound
images: in vitro and in vivo study. Eur Spine J, 2016, 25
(10) :3265-3273.
VO QN, LOU EH, LE LH. Measurement of axial vertebral
rotation using  three-dimensional ultrasound images.
Scoliosis»2015,10 (Suppl 2): S7[2018-01-157. https://doi.
org/10. 1186/1748-7161-10-S2-S7.

s ’ ’

( ),2018,49(3) :436-441.

CHEN W, LOU EH, ZHANG PQ. et al. Reliability of
assessing the coronal curvature of children with scoliosis by
using ultrasound images. J Child Orthop, 2013,7(6).521-
529.

KOTWICKI T. Evaluation of scoliosis today: examination,
X-rays and beyond. Disabil Rehabil,2008,30(10):742-751.

(2018 -03 -11 ,2018 -06 -30 )



