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An Analysis of Back and Shoulder Morphology Using 3D Scan Data
of Korean Senior Men Aged 60-69

Jeongeun Lee and Wolhee Do’

Dept. of Clothing and Textiles/Research Institute of Human Ecology, Chonnam National University/Healthcare Ware Research and
Business Development Center, CNU R&BD Foundation;, Gwangju, Korea.

Abstract: This study aims to provide foundational scientific data for customized apparel design and pattern devel-
opment by conducting an in-depth analysis of back and shoulder morphology in Korean senior men aged 60-69 using
3D scan data from the 8 Size Korea anthropometric survey, and systematically classifying upper torso body shapes
into four types through factor analysis and cluster analyses. Factor and cluster analyses revealed the extraction of
eight major morphological factors, based on which the subjects were classified into four body types. Type 1 (Scapular
asymmetry, 29.9%) exhibited pronounced left-right asymmetry in scapular position, reduced back curvature, and
shorter upper body length. Type 2 (Thoracic kyphotic back, 35.3%) demonstrated greater shoulder slope, increased
back curvature, and wider posterior trunk width, indicative of pronounced thoracic kyphosis and broad upper body
characteristics. Type 3 (Long erect torso, 21.7%) was characterized by longer upper body and back along with pro-
nounced external scapular inclination, representing a tall, erect form. Type 4 (lower back curvature, 13.1%) showed
shortened upper body and back, reduced shoulder slope angle, and prominent lower back curvature coupled with
wider posterior trunk width. This study holds significance in that it quantitatively analyzes detailed morphological
characteristics in senior men, thereby providing empirical data essential for developing customized patterns and siz-

ing systems for their apparel.
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Table 1. Analysis items on this study
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Measurement items

Measurement items

Height Length
@®  Back neck height @  Back neck base length
@ Side-neck height @  Back neck point to acromion length (Left)
@  Front-neck height
@  Acromion height ®  Shoulder length
®  Lateral shoulder height Lateral shoulder length
® Axilla height @  Biacromion length
Width
@  Width between shoulders Across back lateral shoulder width (Through back neck point)
Lateral shoulder breadth Back neck point to acromion length (Right)
Circumference @  Back neck point to lateral shoulder length
(@  Chest circumference (Axilla)
Diagonal trunk circumference @)  Across back shoulder width (Through back neck point)
Angle ®  Across back width (Mid-axilla)
@  Right shoulder slope (Lateral shoulder) @  Across back width (Posterior axillary fold)
@  Left shoulder slope (Lateral Shoulder)
. . @  Across front width (Anterior mid-axilla)
@  Right shoulder slope (Acromion)
@  Left shoulder slope (Acromion) @  Side neck point to bust point
Index value Side neck point to waist level (Through bust point)
houlder inclinati ti
®  Shoulder inclination ratio @) Back neck point to bust-point
Back depression index
@  Anterior-posterior trunk balance ratio Back neck point to waist (Through bust point)
Bilateral lateral shoulder slope ratio Back neck point to axillary level at midspine
Bilateral shoulder angle ratio Side neck point to back waist level
@ Bilateral shoulder length ratio
. . Waist-back length
@  Left thoracic kyphosis index
@  Right thoracic kyphosis index @  Waist-back length (Omphalion)
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| /" No. Measurements items
’ 43  Right external scapular inclination angle
f : @  Right intemnal scapular inclination angle
gg:‘\ % Left external scapular inclination angle
i %  Left internal scapular inclination angle
®®'J‘\ 4  Right upper back angle
-I:'. | 4@  Right scapular-back junction angle
®  Right lower back angle
.\:, % Left upper back angle
\'a )  Left scapular-back junction angle
&  Left lower back angle

Fig. 1. Additional angular measurements for back and shoulder analysis.
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Table 2. KMO measure of sampling adequacy and Bartlett’s test of
sphericity

Item Value
KMO Measure of Sampling Adequacy 0.82
Bartlett’s Test of Sphericity Approx. y? 2150.37
Bartlett’s Test of Sphericity df 820
Bartlett’s Test of Sphericity Sig. (p-value) 0.000

Note. A KMO value above 0.80 indicates meritorious sampling
adequacy, and a significant Bartlett’s test (p<0.001) suggests that the
correlation matrix is suitable for factor analysis.
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Table 3. Factor loadings for senior male back and shoulder morphology obtained by orthogonal varimax rotation (n=221)
Measurements Factor Com.mo-
1 2 3 4 5 6 7 8  nality
Index value Across back shoulder width (Through back neck point) 0.886 -0.275 0.066 —0.043 0.193 0.162 0.012 0.061 0.934
Index value_Biacromion length 0.868 —0.218 0.068 —0.129 0.204 0.188 -0.008 0.033 0.900
Index value Across back lateral shoulder width (Through back neck point) 0.866 -0.274 0.008 —0.109 0.106 0.153 0.013 0.088 0.880
Index value_Width between shoulders 0.828 0.096 0224 0.222 -0.034 0.026 —0.022 0.073 0.802
Index value Back neck point to acromion length (Right) 0.819 —0.256 0.045 0.052 0.116 0.049 0.165 0.046 0.786
Index value Back neck point to lateral shoulder length 0.811 -0.284 0.024 0.027 0.031 0.016 0.180 0.047 0.776
Index value Lateral shoulder breadth 0.784 0.039 0.213 0.238 -0.155 —0.044 —-0.097 0.059 0.757
Index value Shoulder length 0.740 -0.143 —0.103 0.121 0.009 —0.399 0.241 0.080 0.817
Index value Lateral shoulder length 0.706 —0.154 -0.100 0.088 —0.073 -0.457 .0247 0.053 0.817
Index value Back neck point to acromion length (Left) 0.685 —0.082 0.033 —-0.083 0.272 0.252 -0.101 0.094 0.641
Index value Axilla height -0.055 0.907 0.174 0.022 —0.022 -0.049 —0.075 —0.062 0.869
Index value Lateral shoulder height -0.310 0.890 0.202 -0.018 —0.142 0.038 —0.010 —0.028 0.952
Index value Acromion height -0.319 0.882 0.208 —-0.035 —0.154 0.042 —-0.006 —0.035 0.951
Index value Side-neck height —-0.020 0.814 —0.063 0.085 0.168 0.056 0.273 0.013 0.780
Index value Back neck point to axillary level at midspine 0.151 -0.811 0.275 -0.103 -0.035 —-0.197 0.163 0.041 0.835
Right shoulder slope (Lateral shoulder) 0.304 -0.752 -0.129 0.059 0312 0.147 0.155 0.043 0.823
Right shoulder slope (Acromion) 0332 -0.737 -0.146 0.024 0294 0.144 0.127 0.030 0.799
Index value Waist-back length 0.129 -0.001 0922 -0.019 0.012 —0.101 0.072 0.083 0.890
Index value Side neck point to back waist level 0.080 0.189 0.884 0.001 0.150 -0.036 0.106 0.103 0.869
Index value Side neck point to waist level (Through bust point) 0.194 0.161 0.759 0.053 0.039 -0.018 0.524 0.002 0.919
Index value Waist-back length (Omphalion) -0.161 -0.136 0.741 -0.070 —0.070 —-0.018 0.129 —0.208 0.664
Index value Back neck point to waist (Through bust point) 0.101 0283 0.696 0.174 0.051 0397 0261 0.150 0.856
Index value Diagonal trunk circumference 0305 0204 0.595 0.097 -0.059 -0.236 —0.061 -0.272 0.635
Left internal scapular inclination angle 0.099 0.016 0.156 0.831 0.140 —0.080 0.051 -0.003 0.753
Right internal scapular inclination angle 0.133 -0.032 0.120 0.788 0.143 —0.025 —0.049 -0.041 0.679
Index value_Across back width (Posterior axillary fold) 0.126 -0.033 0.163 —0.706 0.140 0.057 -0.008 0.103 0.575
Index value_Across front width (Anterior mid-axilla) -0.144  0.140 -0.006 0.655 —0.228 0.195 0.264 0278 0.705
Right external scapular inclination angle -0.057 0.096 0.102 -0.564 0317 0.027 0.135 0.026 0.461
Left external scapular inclination angle —-0.118 —-0.067 -0.040 -0.553 0.189 0.031 0.030 0.041 0.365
Left shoulder slope (Lateral Shoulder) 0.247 —0.149 -0.074 -0.016 0.716 0.098 0.294 0.000 0.698
Left shoulder slope (Acromion) 0.270 —-0.123 —0.039 -0.049 0.710 0.102 0.265 —0.022 0.676
Left scapular-back junction angle 0.040 —0.005 0.020 —-0.182 0.644 —0.249 —0.197 0.036 0.551
Right scapular-back junction angle -0.006 -0.137 0.116 —0.150 0.624 -0.083 -0.172 —-0.018 0.481
Index value Back neck base length 0.049 0.056 0.226 -0.052 0.328 0.731 -0.053 0.002 0.703
Left upper back angle -0.140 0.037 0.161 0.085 0.205 -0.687 —0.082 -0.014 0.576
Right upper back angle —-0.155 0.106 0.194 0.070 0.383 —0.650 —0.030 —0.075 0.654
Index value Front-neck height -0.045 0434 -0.166 0319 0.053 0474 0.139 0.115 0.579
Index value Side neck point to bust point 0.119 -0.059 0333 -0.032 -0.024 -0.117 0.829 —-0.053 0.834
Index value Back neck point to bust-point 0.122 -0.110 0.364 —0.018 0.075 0.228 0.766 —0.068 0.809
Right lower back angle 0.188 —0.092 —0.046 —0.028 -0.015 0.010 —0.024 0914 0.884
Left lower back angle 0.167 —0.033 0.013 —0.055 0.009 0.057 —0.063 0.907 0.861
Eigen value 7405 5752 4442 3282 2876 2.698 2354 1.989
Contribution proportion(%) 18.060 14.030 10.834 8.004 7.014 6.581 5.741 4.852

Comulative contribution proportion(%) 18.060 32.090 42.924 50.928 57.942 64.523 70.264 75.116
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Table 4. ANOVA of factor score for back and shoulder morphology of senior men by 2 clusters (n=221)
Factor contents Cluster 1 (n=66) Cluster 2 (n=155) t-test
1 Shoulder breadth factor —0.150 0.064 -1.210
2 Body height and shoulder slope factor —-0.077 0.033 -0.839
3 Back vertical length factor 0.027 -0.012 0.262
4 Scapular position asymmetry factor 1.060 -0.451 14.224™
5 Left shoulder slope and scapulo dorsal angle factor —0.067 0.029 —0.650
6 Back curvature factor —0.249 0.106 —2.446"
7 Upper trunk length -0.217 0.092 —2.123"
8 Lower back curvature 0.127 —0.054 1.158
*p<0.001, “p<0.05
Table 5. ANOVA of factor score for back and shoulder morphology of senior men by 3 clusters (n=221)
Factor contents Cluster 1 (n=66) Cluster 2 (n=126) Cluster 3 (n=29) F-value
1 Shoulder breadth factor —0.150 0.103 —0.108 1.591
2 Body height and shoulder slope factor —0.077 —0.055 0.415 2.941
3 Back vertical length factor 0.027b 0.275b —1.258a 36.744
4 Scapular position asymmetry factor 1.060b —0.458a -0.424 100.755™"
5 Left shoulder slope and scapulo dorsal angle factor —0.067b 0.238b —0.881a 17.187"
6 Back curvature factor —0.249a 0.083b 0.207b 3.165
7 Upper trunk length -0.217 0.046 0.293 2.988
8 Lower back curvature 0.127b —0.147a 0.349b 37517

***p<0.001, *p<0.05, Duncan's test a<b<c<d
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Table 6. ANOVA of factor score for back and shoulder morphology of senior men by 4 clusters (n=221)
Factor contents Cluster 1 (n=66) Cluster 2 (n=78) Cluster 3 (n=48) Cluster 4n=29) F-value
1 Shoulder breadth factor —-0.150 0.190 —-0.038 —-0.108 1.582
2 Body height and shoulder slope factor —-0.077a —-0.362a 0.443c 0.415b 9273
3 Back vertical length factor 0.027b 0.183b 0.425¢ ~1258a 25414
4 Scapular position asymmetry factor 1.060b —0472a -0433a 04242 66917
5 Left shoulder slope and scapulo dorsal angle factor —0.067b 0.208b 0.286b —0.881a 11.486™"
6  Back curvature factor —0.249 0.314b -0.293a 0.207b 6.117"
7 Upper trunk length —0217a —0.38%a 0.753¢ 0.293b 18381
8  Lower back curvature 0.127b ~0.305a 0.110a 0.349 4342
***p<0.001, **p<0.01, Duncan's test a<b<c<d
Table 7. ANOVA of factor score for back and shoulder morphology of senior men by 5 clusters (n=221)
Factor contents Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Fovalue
(n=66) (n=31) (n=47) (n=48) (n=29)
1 Shoulder breadth factor —0.150 0.447 0.020 —-0.038 —0.108 2.608
2 Body height and shoulder slope factor —0.077b -0.863a —0.031b 0.443b 0.415b 112417
3 Back vertical length factor 0.027b 0.388b 0.048b 0.425b ~1.258a 19.955
4 Scapular position asymmetry factor 1.060b -0.326a —0.569a —0.433a —0.424a 50.973""
5 Left shoulder slope and scapulo dorsal angle factor ~— —0.067b 0.251b 0.180b 0.286b —0.881a 8.606
6 Back curvature factor —0.249 0.485b 0.201b -0.293a 0.207b 5.006
7 Upper trunk length —0217b 0.334c —0.865a 0.753d 0.293¢ 25946
8 Lower back curvature 0.127b —0.940a 0.113b 0.110b 0.349b 9.595™"
***p<OA001, **p<0.01, Duncan's test a<b<c<d
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Fig. 2. Distribution of clusters of back and shoulder. Hol <5 Rt AgeE W 4 ol
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Table 8. Comparison of mean values of measurements by back and shoulder morphology in senior men

sprel %
oz, dE A A g dolst Y ohfeE
Aol

7 HF% 55

(n=221, unit=cm)

Factor contents Cluster 1 Cluster 2 Cluster 3 Cluster 4 Duncan's test  Fovalue
(n=66) (n=78) (n=48) (n=29)

Back neck height 143.325 144.244 144.481 142.925 0.916
Side-neck height 142.148 142.893 143.687 141.978 1.017
Front-neck height 136.424 136.860 137.357 136.151 0.470
Acromion height 136.161 136.672 137.981 136.275 1.169
Lateral shoulder height 136.567 137.086 138.295 136.636 1.057
Axilla height 123.732 124.203 125.282 123.663 1.029
Width between shoulders 39.102 39.199 38.489 39.566 abab 3.054
Lateral shoulder breadth 38.033 37.986 37.291 38.409 bbab 3.664"
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Table 8. Continued. (n=221, unit=cm)
Factor contents Cluster 1 Cluster 2 Cluster 3 Cluster 4 Duncan's test  F-value
(n=66) (n=78) (n=48) (n=29)
Chest circumference (Axilla) 101.278 101.970 101.526 105.075 2.495
Diagonal trunk circumference 164.042 165.411 165.599 164.041 0.724
Right shoulder slope (Lateral shoulder) 24374 25.740 23.849 23.197 bbaa 4715"
Left shoulder slope (Lateral Shoulder) 23.999 25.193 25.454 22.529 bbba 5559
Right shoulder slope (Acromion) 25.021 26.674 24.378 24.139 abaa 5.862"
Left shoulder slope (Acromion) 24.698 26.100 26.199 23.291 beea 6438
Shoulder inclination ratio 24.187 25.467 24.652 22.863 beba 5.903"
Back depression index 1734 1.711 1.793 1.818 aabc 83477
Anterior-posterior trunk balance ratio 1.476 1.468 1.482 1.515 bbbc 9379
Bilateral lateral shoulder slope ratio 1.029 1.032 .949 1.055 bbab 3.022
Bilateral shoulder angle ratio 1.025 1.036 940 1.061 bbab 3.942"
Bilateral shoulder length ratio 1.984 2.007 1.992 2.000 abab 3.688"
Left thoracic kyphosis index 14.924 14.109 15.531 10.552 bbba 6.981""
Right thoracic kyphosis index 14.000 13.167 14.552 8.879 bbba 8.641"
Back neck base length 15.970 16.963 16.342 16.255 abba 57227
Back neck point to acromion length (Left) 21.191 21.819 21.135 21.693 abab 4.763"
Shoulder length 14.402 14.287 14.212 14.629 1.299
Lateral shoulder length 13.725 13.547 13.626 13.997 baab 1.822
Biacromion length 42.374 43.705 42,082 43.557 abab 9.322"™"
Across back lateral shoulder width (Through back neck point) 40.892 41.821 40.508 42.162 bcac 7927
Back neck point to acromion length (Right) 21.369 21.781 21.127 21.782 abab 4776"
Back neck point to lateral shoulder length 20.558 20.859 20.374 21.047 abac 3.996"
Across back shoulder width (Through back neck point) 42,568 43.686 42.065 43.551 beac 8.293™"
Across back width (Mid-axilla) 37.656 37.814 37.129 38.716 aaab 5438™
Across back width (Posterior axillary fold) 37.196 39.516 38.701 39.534 abbb 14.024™
Across front width (Anterior mid-axilla) 38.753 37417 37.296 39.184 baab 12.089""
Side neck point to bust point 27.852 27.941 28.827 28.721 aacb 5774
Side neck point to waist level (Through bust point) 69.321 69.553 70.801 68.997 aaba 3373
Back neck point to bust-point 35.938 36.513 36.855 37.010 aabb 3573
Back neck point to waist (Through bust point) 54.328 54.363 54.558 53.840 0.506
Back neck point to axillary level at midspine 20.794 21414 20.628 20.468 abaa 4219"
Side neck point to back waist level 46.970 47.440 47.806 45.566 bbba 6.927""
Waist-back length 44.091 44601 44469 42744 bbba 6.927""
Waist-back length (Omphalion) 48651 49.124 48.908 47797 bbba 1.861
Right external scapular inclination angle 34.883 35.108 34.748 36.146 abeb 16.069""
Right internal scapular inclination angle 34.160 34758 34.780 35.733 baaa 35857
Left external scapular inclination angle 39.417 43.878 43417 42.103 abbb 8.748™"
Left internal scapular inclination angle 15.742 9917 10.365 9.052 baaa 40446
Right upper back angle 25212 23.686 25.813 21.103 cbea 11286
Right scapular-back junction angle 44.947 47.333 46.177 41.724 beea 10.902""
Right lower back angle 11212 10.519 11.260 12.224 babb 2473
Left upper back angle 25.386 23.968 25.823 21.966 cbea 8.245™
Left scapular-back junction angle 44.326 45.949 46.646 42.345 bbca 54917
Left lower back angle 10.462 9.859 10.292 11.414 babb 2.043

EE3

p<0.001, **p<0.01, *p<0.05, Duncan's test a<b<c<d
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Table 9. 3D scan images of back and shoulder morphology types in senior men

Body type 1

Body type 2

Body type 3 Body type 4

Back view

Side view

Superior view
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