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— Abstract —

Spinal Dimensions and Shape Variation in Koreans
- Radiographic Quantitative Morphometry -

Nam Hyun Kim, M.D., Seong Hwan Moon, M.D.,
Hwan Mo Lee, M.D. and Doo Hwan Kim, M.D.

Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, Korea

Spinal dimensions (anterior, mid, and posterior height of the vertebral body) and shape variation
(wedge compression, biconcave, and crush ratio) were obtained from plain radiographs of healthy
Korean men and women.

The purpose of this study was to define vertebral fracture from normal spinal morphometry of
Korean men and women and to compare spinal dimension between men and women.

Healthy 100 men and 100 women were included in this study. Plain lateral radiographs of thoracic
and lumbar vertebrae were taken with standard method. Quantitative morphometry (anterior, mid,
and posterior height of the vertebral body) was performed with plain radiographs. Spinal shape varia-
tions (wedge compression, biconcave, and crush ratio) were calculated from morphometric data.

Spinal dimensions and shape variation of Korean men and women were presented, and morphome-
tric cut-off values for vertebral fracture were evaluated(mean-3xSD). Spinal dimensions of men were
greater than women in all level (p<0.01). Wedge compression ratios (T6, 7, 8, 9, 12, LS5 level) and
biconcave ratios (T12, L1, 4, 5 level) and crush ratios (T11, L4, L5 level) were different between
men and women (p<0.01).
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Spinal dimensions and shape variation from quantitative morphometry can be used in objective
definition of vertebral fracture which can be used in medicolegal problem, worker’s compensation

and medical insurance.

Key Words : Spine, Dimensions, Quantitative morphometry
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Fig. 1. Point placement during quantitative morphome-
try anterior height (Ha), mid height (Hm), poste-
rior height (Hp). Wedge compression ratio=
Ha/Hp, biconcave ratio=Hm/Hp, crush ratio=
Hpi-1/Hpi.

25 6708 AE BABIAT BEAE 6709 Aol
M A 4 FFRE A 523X A HF: A =
o] (anterior height, Ha), 23t %% ] o)
(mid height, Hm) Z28]l: % %3 | =Zo)
(posterior height, Hp)& vernier micro-
caliper (Mitutoyo, Japan)& ©¢] &% 9
1/10mm®] FEB=2 &FsPeon BE Fx&=
m=2 EAISIHFig. 1). H3F A A2
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3, BER Holg &7 M L #Ez
7} 15 Eoz 59 WA ARE e =

skt
3. M= x2| el ol

7} M4 ettH|E (wedge compression ratio)

M3 Aol Ha& HpZE Y AL A4 gy
&2 3t

Lt &2 gi¥d|E (biconcavity ratio)

3 A9l HmE HpE UFE RS 48 Wiy
&2 s

=k ¥ (crush ratio)

3 Aol Hpg Altslele A3 Ao 3 o
A A9 HF A9 Hp2 vF &g ¢4 vjg=
ALt

4, X7 M

A& Aele= SPSS(SPSS Inc, Chicago, 11,
USA) & o1 &3lder AZ 29 At 9 &
22 Wol& Wol Al (coefficient of varia-
tion) 2 EAIBIA L dizte] 23 A £ ey
Wol9] BlWE student t-testE AT

2

Az xe] BARZ Wole MolASs} 1.7-
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A 5 &% Ha(31.1+2.4mm) =

FUAZE BE HFA FAA AL 2 A=
Bol zt 7)Y Folo Wyt Atz & F 3l
tt. Hme A4 F3F(19.5+1. 5mm) A FE A
A3 =77 F7kske] Al 2 83(30.1£1. 6mm)
9 A 3 £3(30.1+1.5mm) oA HhAE Hol
W A 4, 5 85(28.7+1. 6mm, 28.6+1. 8mm) =
thA] 74l Hpe Al 4 $3(20.7£1.7
mn) BB A3 Fohete] Al 2 8.3oA HA
(32.1+1.5mm) & HolH A 3, 4, 5 8FX=
Zrastdeh

FAdel Haxe Al 4 §3(20.8%1. 9mm) ol A F
B Z7l57] Al&ste A 3 2% (33.7+2. 2mm)
o] HuiRE Heolo A 4, 5 83(33.2+2.8
mm, 33.5%2. 7Tmm) A THA] A3 A 4
Q290] Ha(33.2+2.8m) s EFHA7L 28 3
ZH FNA AY Zu2 7} AAY Folo ¥
7} avn & & Jdoh. Hme A 4 §3(20.4
+1. 7Tom) A BE] A3 2717} F7ksted Al 3

8332, 122, 1mm oA HAAE Ho|W A 4,
5 92(31.6x2. 7mm, 31,3+2.7Tm)= ©A] 7
A&t Hpe Al 4 F3(21.6£1. 9mn) 5-E
AN F7hete) A 3 8FolA HtHA] (33.9+
2.2m) & Holw A 4, 5 83 FAsA
t}(Table 1).

1. Matetst H|E (wedge compression ratio)

ool MAetdl v gL A 4 FFAAMEEH Al
2 837AE 103t2 Aoz A} (wedge)
AL & U A 3 83 19 T Yo
24 Ha$t Hp7} 271 2& AR 2
ol A 4, 5 8F& 101439 oz HFHo
2 Tl By g 2y

dade] MAehdl v &2 Al 4 FFNAMEE A
3 837 101312 FAH o2 AAAAE &
% Q3 A 4, 5 9F€ 10139 FezAM B
Hoz Ik 44 WYL Bt (Table 2, Fig.
2a,b,c).

Table 1. Normal anterior, mid, posterior height of vertebrae in Korean

Ha(mm) Hm(mm) Hp(mm)

_ female male* female male* female male*
T4 19.8+1.5 20.8+1.9 19.5£1.5 204+1.7 20.7+1.7 21.6x£1.9
T5 20.2+1.4 21.4+1.8 19.6+1.4 20.8+1.8 21.3x1.6 22.2+1.9
T6 20.6x1.4 21.9+19 20.2+14 21.4£1.9 22.1+£1.6 23.0+1.9
T7 21.7+1.6 23.0£1.9 21.3+£1.8 22.6+1.9 23.2+1.5 24.8+1.7
T8 22.4x1.7 24.1+2.4 22.0+£2.0 23.5+24 23.7£2.0 24.9+2 .4
T9 22.7+1.8 24.61£2.5 22.3x1.8 24.0+2.4 24.1x1.7 25.5+2.2
T10 24.2+1.6 26.0+2.3 23.2+1.9 25.1+2.4 24.9+1.9 26.5+2.3
T11 25.6x1.6 27.5+2.1 25.2+1.7 26.7£2.0 27.1+1.8 28.5+2.1
Ti2 27.3+1.8 29.3+2.3 26.6+1.7 28.4+2.2 28.9+2.3 30.4+2.4
L1 29.9+1.8 31.7+2.0 29.1£1.7 30.5x2.0 30.1£1.9 32,7124
L2 31.2+1.4 33.1x2.1 30.1+1.6 31.6x2.0 32.1£1.5 33.812.2
L3 31.8+1.8 33.7+£2.2 30.1x1.5 32.1x2.1 31.8+1.5 33.9+2.2
L4 30.1£1.3 33.242.8 28.7+1.6 31.6+2.7 29.6£2.5 32.9+3.3
L5 31.1x24 33.5£2.7 28.6+1.8 31.3+£2.7 27.7+2.4 30.9+3.3

meanzstandard deveiation
T : Thoracic spine

L : Lumbar spine

Ha : Anterior height

Hm : Mid height

Hp : Posterior height

* Student t-teat (p<0.01)
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Table 2. Normal shape variation in Korean

wedge ratio biconcavity ratio crush ratio
female male female male female male

T4 0.957+£0.058  0.966+0.048 0.943+£0.032  0.947+0.049

T5 0.949+0.052  0.965+0.049 0.922+£0.046  0.937+0.044 1.028+0.027 1.030+0.042
T6 0.9341+0.030  0.952+0.033* 0.916£0.029 0.9311+0.036 1.038+0.053  1.040+0.051
T7 0.937+0.028 0.959+0.037* 0.920£0.041 0.940+0.041 1.052+0.059 1.041+0.049
T8 0.950+0.047  0.967+0.039* 0.932+0.059 0.940+0.046 1.020+0.068  1.033+0.059
T9 0.942+0.049  0.965+0.049* 0.925+0.064 0.942+0.051 1.024+£0.086  1.027+0.070
T10 0.973+0.046  0.981+0.039 0.933+£0.051 0.946+0.042 1.032+0.055  1.038+0.048
T11 0.946+0.050  0.965+0.047 0.930+0.030  0.938+0.035 1.090+£0.041 1.070+0.044*
T12 0.946+0.043  0.962+0.038* 0.921+0.039  0.933+0.034* 1.067+0.046 1.066+0.040
L1 0.972+0.052  0.969+0.042 0.9451+0.026  0.933+0.033* 1.069+0.058 1.074+0.055
L2 0.974+0.037 0.979x0.034 0.938+0.027  0.935+0.028 1.041+0.035 1.036+0.036
L3 1.000+0.051  0.994+0.038 0.946+0.054 0.946+0.037 0.993+0.040  1.002+0.040
L4 1.021+0.070  1.012+0.050 0.973+£0.052 0.962+0.038* 0.929+£0.076  0.969+0.066*
LS 1.124£0.070  1.086+0.063* 1.035+0.065 1.014+0.063* 0.936+0.066  0.943+0.060*

meanzstandard deveiation
T : Thoracic spine

L : Lumbar spine

Wedge ratio : Ha/Hp
Biconcavity ratio : Hm/Hp
Crush ratio : Hpi/Hpi-1

* Student t-test (p<0.01)

Table 3. Morphometric cut-off values for vertebral frature (deformity ratio below mean-3xstandard deviation)

wedge ratio biconcavity ratio crush ratio
female male female male female male

T4 0.783 0.822 0.846 0.798
TS 0.791 0.818 0.783 0.803 0.947 0.901
T6 0.843 0.852 0.829 0.821 0.879 0.885
T7 0.852 0.846 0.795 0.815 0.875 0.891
T8 0.808 0.847 0.754 0.800 0.816 0.855
T9 0.793 0.827 0.730 0.787 0.766 0.816
T10 0.832 0.863 0.779 0.819 0.867 0.893
T11 0.775 0.822 0.839 0.832 0.967 0.936
T12 0.816 0.847 0.804 0.830 0.929 0.945
L1 0.813 0.841 0.865 0.832 0.895 0.908
L2 0.764 0.876 0.856 0.850 0.936 0.928
L3 0.844 0.878 0.782 0.832 0.873 0.879
L4 0.810 0.861 0.814 0.846 0.701 0.771
L5 0.912 0.894 0.838 0.845 0.738 0.761

Wedge ratio : Ha/Hp

Biconcavity ratio : Hm/Hp

Crush ratio : Hpi/Hpi-1

Ha : Anterior height

Hm : Mid height

Hp : Posterior height
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2. ¢ H|E (biconcavity ratio)
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Fig. 2. Normal shape variation of vertebral body in
Korean women. a. Wedge compression ratio of
each vertebral body. b. Biconcavity ratio of each
vertebral body. ¢. Crush ratio of each vertebral
body. In each graph, middle line is mean, upper
line is mean+3SD, lower line is mean-3SD
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