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Spine morphology measuring instrument based on three-dimensional projection position of the spinous process
on body surface: preliminary application in scoliosis
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[Abstract] Objective To apply spine morphology measuring instrument based on three-dimensional projection
position of the spinous process on the body surface in different types of scoliosis. Methods Thirty-two adolescent idiopathic
scoliosis (AILS) patients were enrolled in this study. The spine morphology measuring instrument based on space posture
sensor was used to measure the spinous process angle (SPA) of the projection position on the patient back surface. Then linear
regression model was used to establish the quantitative relationship between SPA and Cobb angle measured by full-spine
X-ray film. Based on the Lenke classification, subgroup analysis was conducted to further explore the quantitative relationship
between SPA and Cobb angle in different types of scoliosis. Results The 32 AIS patients included 11 males and 21 females,
with an average age of (13.9410.84) years; 20 cases were Lenke type I and 12 cases were Lenke type V ; eight cases had
main curvature of Ts-T,,, four cases of Ts-T,,, one case of T¢-T,;, seven cases of T¢-T,, four cases of T,;-L;, and eight cases

of T,-L,. Linear regression analysis found that the Cobb angle had a linear relationship with the SPA in AIS patients: Cobb
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angle=1.128 X SPA+3.724. Further subgroup analysis showed that for Lenke type I AIS patients, the quantitative

relationship was: Cobb angle=1.128 X SPA+3.303. Conclusion The spine morphology measuring instrument based on

three-dimensional projection position of the spinous process on the body surface can be initially applied to measure the spine

morphology of the thoracic scoliosis. The spatial projection position of the spinous process on the body surface is an effective

anatomical reference marker for spinal morphometry.

[Key words] scoliosis; projection position of the spinous process on the body surface; posture sensor; spinous process angle
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Fig1 Structure of spine morphology measuring instrument and measuring procedure

and anteroposterior and lateral radiographs of a patient
A: Internal structure of the measuring instrument; B: External view of the measuring instrument; C, D: The measuring instrument was
close to the back of the subject, continually palpating patient’s spinous process, and spinous process angle measured by the measuring

instrument was 34°; E, F: Anteroposterior and lateral radiographs of the patient, the Cobb angle was 38°
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Tab 1 General data and SPA measurement results of the 32 AIS patients

No. Gender Age  Risser Lenke Sefomefit Cobbo SPA (%)
(year) grade type angle (°) - Measurement 1 Measurement 2 Measurement 3~ Mean
1 Female 13 4 I Ts-Ty 25 21 21 20 20.67
2  Male 15 5 I Ts-Ty 34 29 22 26 25.67
3 Male 13 3 I Ts-Ty, 37 31 28 27 28.67
4  Female 14 4 I Ts-Ty, 40 35 32 35 34.00
5 Female 15 5 I T.-T), 40 35 31 34 33.33
6 Female 15 5 I T.-Ty, 40 35 34 34 34.33
7 Female 13 3 | Ts-T, 41 38 34 36 36.00
8 Male 15 4 I Ts-T), 42 37 32 35 34.67
9 Male 14 5 I T:-T,, 13 10 9 10 9.67
10 Female 13 4 I Ts-T,, 40 29 34 32 31.67
11 Male 14 4 I Ts-Ty, 40 34 28 31 31.00
12 Female 13 4 I Ts-T,, 40 35 32 34 33.67
13 Female 15 4 I Te-Ty 38 32 29 31 30.67
14  Female 15 5 I Te-T), 33 29 27 28 28.00
15 Female 13 4 I Te-T), 35 29 28 25 27.33
16 Male 15 5 I Te-T), 38 32 26 30 29.33
17 Female 15 5 1 Te-T), 40 34 31 28 31.00
18 Male 14 4 1 Te-T), 40 34 29 31 31.33
19 Male 14 4 I Te-T), 41 34 32 34 33.33
20 Female 13 4 I Te-T), 42 36 31 29 32.00
21  Male 13 4 \4 T,-L; 39 31 32 28 30.33
22  Female 14 5 \4 T,-L; 40 31 32 36 33.00
23  Male 14 4 \4 T,-L, 40 31 29 28 29.33
24  Female 13 4 Vv T,-L, 40 32 31 28 30.33
25 Female 14 4 Vv T,,-L, 36 30 31 28 29.67
26 Female 15 5 Vv T,-L, 38 33 30 29 30.67
27 Female 14 5 \Y T,,-L, 40 28 34 29 30.33
28 Female 15 5 v T,-L, 40 32 28 31 30.33
29 Male 14 5 v T,-L, 40 33 28 35 32.00
30 Female 13 3 Vv T,,-L, 40 31 31 33 31.67
31 Female 13 3 A4 T,,-L, 40 32 33 32 32.33
32  Female 13 3 \4 T,,-L, 40 32 35 29 32.00

The three measurements were repeated by the same researcher. AIS: Adolescent idiopathic scoliosis; SPA: Spinous process angle



S B A, S BET ORI A R =R A0 A AR S SR OB A I w02 e 1201 -

2.2 SPAMF— MM X T 32 ] AIS A,
SPA #H PN | 8 — 2 1 %% & ( Cronbach o & U A
0.938) o #E—L WM &AM, X T2 (Lenke
I #9) & & W& 0 5 & PE (Cronbach a & (N
0.973) LT HEZ (Lenke VA ) £ ( Cronbach a
2R 0379) .

23 Cobb 5 SPAM Z1Eeg T X & kRN
S AT B, TE AIS S Hh, Cobb £ SPA Il £ {H
BEMECR, WEZ M AZERIE IR : Cobb
f1=1.128 X SPA+3.724, it — 4 W 4 43 M7 % HH,
T Lenke [ A1 AIS 21, Cobb 1 SPA [RIFEAEAE
LNERR, WFZ I HZPERIE 2R Cobb fi=
1.128 X SPA+3.303; {H/E7E Lenke VEEEH, I
Y SPA {H N RRIR 4F- b T Cobb ffi. ULEE 2.

&£2 AIS £ Cobb 55 SPA NNEER

MmN AR
Tab 2 Linear regression analysis results of Cobb angle
and SPA in AIS patients
Group B SE tvalue P value

The whole group

Constant 3.724  1.895 1.965  0.059

SPA 1.128  0.062  18.237 <<0.01
Lenke type | subgroup

Constant 3303 1948  1.696  0.107

SPA 1.128  0.064 17.598 <<0.01

Lenke type V subgroup
Constant 25387  9.548 2.659  0.024
SPA 0.453  0.308 1.470  0.172

AIS: Adolescent idiopathic scoliosis; SPA: Spinous

process angle; B: Regression coefficient; SE: Standard error
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