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A Study of the Back Shape of the Children in Elementary and Middle
Schools Using the Phase-shifting Scanning Grating Projection moiré

Han-Keel Yoo, Byung-Il Min, Dong-Suk Park"

Department of East-West Medicine, Kyunghee University,
Department of Acupuncture and moxibustion®, Coflege of Oriental Medicine, Kyunghee University

Objective : The purpose of this study was to investigate the back shape of school children using the phase-shifting scanning
grating projection moiré interferometer, which was developed by the Korea Advanced Institute of Science and Technology
and is useful in evaluating three dimensional back shape.

Methods : In this study the subjects consisted of 1,358 pupils [711 boys(52.36%), 647 girls(47.64%)] attending elementary
and middle schools in Seoul. Their ages ranged from nine to fifteen and the average age was 12.2. With the phase-shifting
scanning grating projection moiré interferometer, the posterior view of the body were taken to see if there are correlations of
moiré fringe number, width difference between left and right, and correlation between differences in moiré fringe number and
width on both sides in the scapular, lumbar and gluteal regions.

Results : The results were as follows :

1. More frequent findings of fringe were observed on the right in all regions: in the scapular region, 309 boys(43.4%) and
156 girls(24.2%) had more fringe numbers on the right side; in the lumbar region, 68 boys(9.5%) and 11 girls(1.7%); and
in the gluteal region, 160 boys(22.4%) and 63 giris(9.8%). Such tendency was striking especially in the scapular and
lumbar regions, and in boys rather than in girls. In the scapula, 661 subjects(48.7%) with one moiré fringe on either side
need further attention and 110 subjects(8.1%) with two or more are required to do follow-up radiography for scoliosis.

2.In an analysis of width difference in the trunk, the left side is wider in all regions except for the gluteal region in boys: in
the scapular region 21 boys(3.0%) and 103 girls(15.9%); in the lumbar region, 87 boys(12.2%) and 250 girls(38.6%); and
in the gluteal region 197 girls(30.4%) had a wider left side and 45 boys(6.3%) showed a wider right side.

3.In correlation analysis of the number of moiré fringe and width difference in each region, the side where more moiré
fringes were observed was significantly wider in the lumbar and gluteal regions, but not in the scapular region.(P<0.01)

Conclusions : From these results, it is concluded that the back shape of elementary and middle school students in Seoul
shows that the right side had more moiré fringes; the left side was wider; and especially in the lumbar and gluteal regions the
side where more moiré fringes were observed was wider. (J/ Korean Oriental Med 2000;21(4):148-158)
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Table 1. Distribution of Age and Sex of Subjects in This Study ST+ °M °ﬂ AR ES T2 O o g
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B A1 by
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10 7 67 143 AR, H% 7 299 SHIAE AL
11 165 149 314 _
12 176 153 329 T Al S §558718 Avke 7% A(the horizontal
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5 75 79 154 HLST), 8% Al 3 2F3E718 Ave 34
Total 711 647 1,358

Fig. 1. An example of moiré topography by grating moiré interferometer.
A. Moiré asymmetry with a deviation of one fringe in the right scapular region but the same number of fringes on both sides in the lumbar and gluteal
regions. In addition, the left side is generally wider.
B. Moiré asymmetry with the same number of fringes on both sides in the scapular region, but a deviation of one fringe in the right lumbar and gluteal

region.
The interval between two moireé fringes is 6mm in height. The upper horizontal line : HL5T
The middle horizontal line : HL3L The lower horizontal line : HL3S The central vertical line : VLG
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Fig. 2. The ratio of the scapular moiré fringes according to
age and sex: Remarkably higher on the right,
especially in boys aged 14 to 15.
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Fig. 4. The ratio of moiré fringes in the gluteal region
according to age and sex : Higher on the right in
boys.

(the horizontal line drawn through the 3rd lumbar
spinous process: HL3L), =8+ HE A3Zd 29=
A= 4% X (the horizontal line drawn through the
3rd sacral tuberosity: HL3S)2. 2 7158 2=t} 2 7)

249 B9 FRUL Aol 1 Ao|T I, 48
o wel FXE RANI SaMFTL S e A
S} 174 o] Apol7t e ASE 7 Hoe ¥R
std 2 Q9L ZARIAT I HEE 47 944
Fig. 2, 3, 4] Uehlglon]. Fig. 1o) Az} 2old 7t
AAE o143 moiré topography & oAt m St

A 3P4 golAHe 6mmolt),

A, BT Sl FHHE 0] A7 FAA
(the vertical line drawn through the contact surfaces of
both gluteal folds: VLG)ol|A] %& AZTE 713zt 7}
A} 2] 148](the distance between the VLG and the lateral
margin of the scapular region at HL5T : DVLGS)¢] x}

Fo4) AR 2E (8D

60%

0% |——
20%
o«
oS .10 M 12 13, 14, 15
= Wmﬁ
«m
T -20% 4
= _40%
Age * Leftinboys ¢ Right in boys
4 Leftingiis  -® Rightin girls

Fig. 3. The ratio of the lumbar moiré fringes according to
age and sex: Lower difference in moiré fringes on
both sides of the lumbar region compared with the
scapula region.
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Table 2. Distribution of Difference in Moiré Fringe Number in the Scapular, Lumbar and Gluteal Region According to Sex

No. of No. of Subjects whose Moiré Fringes No. of No. of Subjects whose Moiré Fringes
Region Sex . are more Frequent on the Left Side Equal are more Frequent on the Right Side
Subjects 3 2 -1 0 1 2 3
Scapular Boys 711 5 61 270 303 56 6
0.7% 8.6% 38.0% 44.0% 7.9% 0.8%
Girls 647 1 4 82 317 205 33 5
0.2% 0.6% 12.7% 49.0% 31.7% 5.1% 0.8%
Total 1358 1 9 143 587 518 89 11
0.1% 0.7% 10.5% 43.2% 38.1% 6.6% 0.8%
Lumbar Boys 711 2 86 467 140 16
0.3% 12.1% 65.7% 19.7% 2.3%
Girls 647 1 94 446 93 13
0.2% 14.5% 68.9% 14.4% 2.0%
Total 1358 3 180 913 233 29
0.2% 13.3% 67.2% 17.2% 2.1%
Gluteal Boys 711 3 62 421 194 31
0.4% 8.7% 59.2% 27.3% 4.4%
Girls 647 7 78 414 129 18 1
1.1% 12.1% 64.0% 19.9% 2.8% 0.2%
Total 1358 10 140 835 323 49 1
0.7% 10.3% 61.5% 23.8% 3.6% 0.1%

(-)refers to left, (+)refers to right
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Table 3. Distribution of Moiré Fringes in the Scapular, Lumbar and Gluteal Regions According to Age and Sex

Counts of Subjects Showing Counts of Subjects Showing Counts of Subjects Showing
No. of their Moiré Fringe Patterns in their Moiré Fringe Patterns in their Moir€ Fringe Patterns in
Age Sex ' the Scapular(a) the Lumbar(b) the Gluteal(c)
Subjects(d) - - -
rmal Left Right Normal Left Right Normal Left Right
@b (a2) (a3) (bl) (b2) (®3) (b (c2) (c3)
9 Boys 82 32 7 43 56 11 15 50 6 26
39.0% 8.5% 52.5% 683% 134% 18.3% 61.0% 7.3% 31.7%
Girls 56 26 8 22 42 9 5 39 5 12
46.4% 14.3% 39.3% 75.0%  16.1% 8.9% 69.6% 8.9% 21.4%
10 Boys 76 21 12 43 49 11 16 49 6 21
27.6% 15.8% 56.6% 645%  14.5% 21.1% 64.5% 7.9% 27.6%
Girls 67 23 7 37 39 8 20 38 6 23
34.3% 10.4% 55.2% 582%  11.9% 29.9% 56.7% 9.0% 34.3%
11 Boys 165 68 22 75 110 18 37 100 16 49
41.2% 13.3% 45.5% 66.7%  10.9% 22.4% 60.6% 9.7% 29.7%
Girls 149 80 19 50 102 29 18 93 27 29
53.7% 12.8% 33.6% 68.5%  19.5% 12.1% 624%  18.1% 19.5%
12 Boys 176 79 16 81 113 24 39 98 23 55
449% 9.1% 46.0% 642%  13.6% 22.2% 557%  13.1% 31.3%
Girls 153 78 24 51 100 22 31 89 22 42
51.0% 15.7% 33.3% 65.4%  144% 20.3% 582%  144% 21.5%
13 Boys 71 31 2 38 50 4 17 43 2 26
43.7% 2.8% 53.5% 70.4% 5.6% 23.9% 60.6% 2.8% 36.6%
Girls 72 37 11 24 57 6 9 43 11 18
51.4% 15.3% 33.3% 79.2% 83% 12.5% 59.7%  15.3% 25.0%
14 Boys 66 16 4 46 42 8 16 39 4 23
24.2% 6.1% 69.7% 63.6% 12.1% 24.2% 59.1% 6.1% 34.8%
Girls 71 35 10 26 49 13 9 51 6 14
49.3% 14.1% 36.6% 69.0% 18.3% 12.7% 71.8% 8.5% 19.7%
15 Boys 75 23 3 49 47 12 16 42 8 25
30.7% 4.0% 65.3% 62.7%  16.0% 21.3% 56.0%  10.7% 33.3%
Girls 79 38 8 33 57 8 14 61 8 10
48.1% 10.1% 41.8% 722%  10.1% 17.7% 772%  10.1% 12.7%
Sub Boys 711 270 66 375 467 88 156 421 65 225
38.0% 9.3% 52.7% 657%  124% 21.9% 59.2% 9.2% 31.6%
Total Girls 647 317 87 243 446 95 106 414 85 148
49.0% 13.4% 37.6% 689%  14.7% 16.4% 64.0%  13.1% 22.9%
Total 1,358 587 153 618 913 183 262 835 150 373
432% 11.3% 45.5% 67.2% 13.5% 19.3% 61.5% 11.0% 27.5%

(a) refers to Number of scapular
(¢) refers to Number of gluteal

(b) refers to Number of lumbar
(d) refers to Number of subjects
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Table 4. Distribution of Difference in Width on Both Sides of the Scapular, Lumbar and Gluteal Region According to Sex

No. of Difference in width in the Scapular Region (Measurements are in centimeters)
Region Sex .
Subjects %5 *_4] *.3 ) ®_] () *] *) *3 *4 #5
Boys 711 38 33 78 99 110 16 109 89 66 45 28
53% 46% 11.0% 139% 155% 23% 153% 125% 93% 63% 39%
Scapular  Girls 647 37 42 81 99 108 16 101 70 48 25 20

57% 65% 125% 153% 16.7% 25% 15.6% 108% 74% 39%  3.1%
Total 1358 75 75 159 198 218 32 210 159 114 70 48
55% 55% 117% 146% 161% 24% 155% 11.7% 84%  52% 3.5%

Boys 711 32 45 72 124 118 16 119 103 52 16 14
45% 63% 10.1% 174% 166% 23% 167% 145% 73% 23% 20%

Lumbar  Gitls 647 33 38 107 142 120 17 90 49 30 16 5
51%  59% 165% 219% 185% 26% 139% 1.6% 46% 25%  08%

Total 1358 65 83 179 266 238 33 209 152 82 32 19
48% 6.1% 132% 196% 115% 24% 154% 112% 6.0% 24% 1.4%

Boys 711 6 19 49 117 129 26 151 109 63 24 18
08% 27% 69% 165% 181% 37% 212% 153% 89% 34% 25%

Gluteal Girls 647 14 22 84 132 163 14 113 60 31 9 5
22%  34% 130% 204% 252% 22% 175% 93% 48% 14% 0.8%

Total 1358 20 41 133 249 292 40 264 169 94 33 23

1.5%  3.0% 98% 183% 21.5% 29% 194% 124% 6.9%  2.4% 1.7%

(-) refers to left, (+) refers to right
*l:<0, 2-1 *2:<1, 22 *3:<2,23 *4:<3, 24 *5:<4,
*0: *1:0<, =1 *2: 1<, £2 *3:2<, =3 *4:3<, 24  *5:4<

Table 5. Correlation between Differences in Moiré Fringe Number and Width on Both Sides of the Scapular, Lumbar and
Gluteal Regions.

Pearson Correlation Coefficients / Prob > IRI
under Ho: Rho=0/N = 1358

No. of fringe in HLST No. of fringe in HL3L No. of fringe in HL.3S
e o o
i e i
oo e,

HLST : the horizontal line drawn through the 5th thoracic spinous process

HL3L : the horizontal line drawn through the 3rd lumbar spinous process

HL3S : the horizontal line drawn through the 3rd sacral tuberosity

VLG : the vertical line drawn through the contact surfaces of both gluteal folds

DVLGS : the distance between the VLG and the lateral margin of the scapular region at HLST

DVLGL : the distance between the VLG and the lateral margin of the lumbar region at HL3L

DVLGG : the distances between the VLG and the lateral margin of the gluteal region at HL3S P<0.03, **:P<0.01
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moiré fringes and the distance from the VLG to the
corresponding margins on both sides of the gluteal
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