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Normal Segmental Sagittal Angle of the Lower Dorsal and Lumbosacral spine
in Korean Adult

Se Il Suk, M.D., Choon Seong Lee, M.D., Min Lo, M.D. and Won Joong Kim, M.D.

Department of Orthopedic Surgury, College of Medicine, Seoul National University,
Seoul, Korea

Authors developed a new method of measuring spinal sagittal curve that is easy and and
practical using the lower border of the vertebral body. The intersecting angle was defined
as the angle formed by the perpendicular line drawn from the lower margin of the upper
vertebral body with the lower margin of the lower vertebral body which is nearer to the
vertebral body. The segmental angle was defined as the intersecting angle minus 90 degrees.
A positive segmental angle meant lordosis and negative segmental angle, kyphosis.

Authors studied standing lateral thoracolumbosacral films of 80 back pain and deformity
free Korean adults who visited Seoul National Universty Hospital during the period of Jan.
1988 to Jun. 1988 using this method to determine the normal segmental sagittal angle and
the kypholordotic junction.

With statistical analysis of the results, we came to following conclusions.

1. Indivdual segments showed its typical sagittal angle.

There was no age and sex difference in segments T10 to L5.

2. The gross lordosis of the lumbosacral spine from L1 to S1 showed no age and sex dif-

ference. But the S1 segment was more lordotic in males with no age difference.

3. The L1 segment was the kypholordotic junction which was in slight kyphosis

4. The normal ranges of sagittai curve obtained in this experiment can be used as a gu-

ideline to contouring spinal internal fixation device in the sagittal plane.
Key Words : Segmental sagittal curvature, Kypholordotic junction
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Fig. 1. The method of taking X-ray. The
trunk is straight, arms are elevated 90 de-
grees, eyes looking forward.
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11§27} -2.38+1.03 (6 4),

A12% 3271 -3.30+2.21 (8- 1),

#1227 055+250 (1— 6),

A2827  3.73+151 ( 2— 8),

#3927 573+142 ( 7—15),

42271 955+2.06 ( 7-15),

A58 27t 17.82+2.24 (13—23),

A1 27} 18.00+6.14 (10—28),
A zp7} A10F27) -1.43+1.18 (4— 1)

A1lF27} -2.00+1.00 (6— 1),

A12%F 27} -1.80+1.66 (3— 2),

Hle 27t 210+347 ((10-5),

A28 27 440+383 ( 0—-12),

3927l 680+3.06 ( 3—12),

4927 11.80+506 ( 420,

A58 27} 19.50+5.14 (14— 20),

1=} 13.75+3.38 (11-17)2.8(Table 1)
daks A12F3, oae AleFAn Fabe]
&5tk A7 A18.39h 285 A A
Auto g ul#glony, 2% ke Hx
tprb of ol A 1A FE A A Hube] Fa
s okAlg ok 5318 EAe o]y w
& AlAbube) #HakE =48 Ao

31-404] Foll A& FAb7b A10FF7F 1714
231 (4 -1

A11F27} -2.86+0.83 (5 — 3),

Segmental Angle : A-90°
>0° Lordosis
<0° Kyphosis

Fig. 2A. Method of measuring the segme-
ntal angle. A is the intersecting angle. Seg-
mental angle is obtained by intersecting an-
gle minus 90 degrees.

12527} 4.78+3.22 (8— 2),
A18Z7) -044+3.06 (4— 5),
2o =7 490+270 C 0— 9),
3827 960+2.29 ( 6-15),
4237 12.20+3.66 ( 6-19),
#5927} 18104356 (12—24),
14 =7) 21.56+3.34 (17 -25),
A= A10F27}F -211+1.10 (-3~ 0)

Table 1. Segmental sagittal Angle in Age
21-30

Segment Male Female

T10 -1.294+0.05 (-4— 1) -143+1.18 ( 4-1)
T11 -2.38+1.03 (-6— 4) -200+1.00 ( -6— 1)
T12 -3.30+221 (8- 1) -1.80+1.66 ( -3—2)
L1 055+250 (-1— 6) -210+3.47 (-10—5)
L2 373+£151 ( 2— 8) 4.40+383 ( 0-12)
L3 573+142 ( 4—15) 6.80+3.06 ( 3—12)
L4 955+206 ( 7—15) 11.80+5.06 ( 4-20)
L5 17.82+2.24 (13—-23) 19.50+5.14 (14—30)
S1 18.00+6.14 (10—28) 13.75+3.38 (11-17)

(Range)

Fig. 2B. An example of X-ray measured by
the present method.
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A11F27} 3204098 (-8— 1),
A12% 27} 2804218 (-5— 2),
1835} -070+366 (-1— 9),
A28 25t 4304276 ( 0—12),
A38327F 1030+3.22 ( 3-12),
A48 27} 1240+4.07 ( 4-20),
A58 %7k 1950+4.20 (12—28),
AlME7L 17204367 ( 6-17),

41-504) ol A= E=b7l 10 %37 156 +
164 (-4 — 0)
A11FSE7) -3.22+1.75 (-9— 0),
A12F &7} -233+1.70 (-5— 3),
#1827 -1.33+3.98 (-3— 5),
A28 37 3404191 ( 0 6),
H38 27 7.70+287 ( 5-13),
A4g 271 13.90+3.05 ( 7-17),
A58 27} 20.90+2.74 (16—24),

161 o Male
14 + Female

-

-4 T T T —
T10 T11 T12 L1 L2 L3 14 L5 S1
Segments _

Fig. 3-1. Segmental Sagittal angle in Age
21-30.

Table 2. Segmental Sagittal Angle in Age
31-40

A1A 27} 2040+3.04 (14-25),

o zt7} A 10F37} -2.38+1.87 (4~ 1)

11§27} -3.63+245 (5 1),

A12%F 27} -3.78+1.93 (-9 3),

M1827 -1.00+£257 (-4— 7),

#2827t 380+349 ( 0-11),

3227t 9.00+237 ( 2-12),

#4227} 1440+3.01 ( 5-20),

#5827 21.10+3.75 (12-30),

A1 F7t 17.30+£5.06 (7-21)Z(Table 3, Fig.
3-3)AF9] Fule] 8%9 Hutoz o]yl
AE &Yy 25 Al18FEdo|gich

51-6041 Foll4& 27t A10FF7) -L75+
006 (-3 -1)

A1FZ7} 2944112 (-3— 4),

A12%F 37} -3.15+2.00 (9~ 2),

A1837F -0.70+£150 (-7— 6),

A2827F 3.99+0.89 ( 2— 8),

Table 3. Segmental sagittal Angle in Age
41-50

Segment Male Female

T10 -1.56+1.64 (-4— 0)
T11 -3.22+1.75 (-9— 0)
T12 -2.33+1.70 (5— 3)

-238+1.87 (4—- 1D
-3.63+245 (-5- 1)
-3.78+1.93 (4—-17)

L1
L2
L3
L4
L5
S1

-1.33+3.97 (-3- 5)
3.40+1.91 (0~ 6)
7.70+2.87 (5-13)
13.90+3.05 (7-17)

-1.00+257 (4—-7)
3.80+3.49 (0-11)
9.00+2.37 (2-12)
14.40+3.01 (5-—30)

20.90+2.74 (16—24) 21.10+3.75 (12-30)
20.401+3.04 (14—25) 17.30+£5.06 ( 7—21)

(Range)

Segment Male Female

T10 -1.71+231 (-4— 1) -211+1.10 (-3— 0)
T1l -2.86+0.83 (-5— 3) -3.20+0.98 (-8— 1)
T12 -478+3.22 (-8— 2) -2.80+2.18 (-5— 2)
L1 -044+3.06 (-4~ 5) 0.70+3.66 (0-—-12)
L2 490+270 (0— 9) 4304276 (0—-12)
L3 9.60+2.29 (6—15) 10.30+3.22 (3—12)
L4 1220+366 ( 6—19) 12.40+4.07 (4-20)
L5 18104356 (12—24) 19.50+4.20 (12—28)
S1  21.56+3.34 (17-25) 17.20+3.67 (6—17)

(Range)

164 o Male
14+ -~ Female

To T T2 LI L2 13 L4 15 Sl
VSegment .
Fig. 32. Segmental Sagittal Angle in Age
31-40.
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3827 8104142 ( 4-11),

A4 &7k 13514206 ( 6-15),

A58 27} 20.42+6.14 (13-26),

A1z &7 21.30+6.14 (12-28),

o &7 10§27} -1.78 +£0.97(-4— 0)

A11F327F -295+1.10 (-6— 3),

A12F 27} -354+1.75 (5 2),

A18.27F -0.70+3.27 (-8— 5),

2837 410+1.83 ( 0—-12),

3827 7.76+3.06 ( 3-15),

A48 371 12.30+5.06 ( 6—20),

A58 &7} 19.20+5.14 (14—25),

A1A =7 15.25+3.38(12—17) 2 (Table 4,
Fig. 34) A|Aut3e] AL o &3 vl
3t ot

ZAEAW g Bao F-2ZE o]§% ANOVA
(analysis of variance) tast® A]#Jg A3 95
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Fig. 3-3. Segmental Sagittal Angle in Age
41-50.

Table 4. Segmental Sagittal Angle in Age
51-60

Segment Male Female

Ti0 -1.75+0.06 (-3— 1) -1.78+0.97 (-4— 0)
Tl -294+1.12 (-3— 4) -295+1.10 (-6— 3)
T12 -3.15+2.00 (-9—2) -354+1.75 (-5— 2)
L1 -070+150 (-7— 6) -0.70+3.27 (-8— 5)
L2 399+089 (2—8) 4.10+1.83 (0-12)
L3 810+142 (4-11) 7.76+3.06 ( 3—15)
L4 1351+2.06 (6—15) 12.30+5.06 ( 6—20)
L5 2042+224 (13—23) 19.20+5.14 (14—25)
S1  21.30+6.14 (12—-28) 15.25+3.38 (12—17)

(Range)

9 Fo4+F(p<005)e.2, AH10FFA 4 A5
F BAAR = A7, AEe ZAolv glde
13384 7 odady ole ot
Fdzbol = EAALE 93 zle]E mgrh
o] EAH¢ AANE EcHE Fto] ATFHAL
e} ojzle] 2702 Fo] EAALE FIA
G2t A10F=7}F -159+1.70 (4— 1)
A11F 37} -2.96+1.33 (-6— 4),
A12F 27} -3.59+2.66 (-8— 3),
A18.37F -0.36+331 (4 5),
A28 271 413+219 (0— 9),
3927l 7.87+264 ( 4—15),
#4237} 12.20+3.30 ( 6-19),
#5227} 19.53+3.12 (12—24),
A1 274 2055+4.49 (10—28),
oA=p7l A 10F 27 -1.93+147 (4— 1)
A11F37} -295+1.72 (8- 1),
A12F 37} -2.98+2.10 (-9- 3),
1837t -0.78+347 (-10-9),
A28 %7} 415+3.40 ( 0-12),
39271 8444308 ( 3—12),
A48 27 12.73+4.54 ( 4-20),
58371 19.82+4.99 (12—-30),
M1 27 1586+4.50 (7-21)Z(Table 5., Fig.
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o}

Lo X
E

’

"
o
1

Aled FE AlfF TAZAS AAe
Foll & Fxlr} 21-304] 7} 53.38+16.95, 31-40
A7} 65.92+7.58, 41-504] 7} 64.69+857, 51-604]
7} 66.62+9.359 2.7, ofzH& 21-304] 7} 54.15+
15.23, 31-404)7} 64.40+11.34, 41-504] 7} 64.60+
9.30, 51-604] 7} 57.91+10.462.2 ANOVA 7 A}

2

2

18 A

16 o Male
14 + Female

12
10
8
6
4
2 -
0
2 D\J
-4 T : + T v v .
T10 T T2 L1 1.2 L3 14 L5 S1
Segments

Fig. 34. Segmental sagittal Angle in Age
51-60.
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Table 5. Average Segmental Sagittal Angle
in Male and Female

Segmaent Male Female

T10 -1.56+1.70 (-4— 1) -1.934147 (-4— 1)
T11 -296+1.33 (6—4) -295+1.72 (-8— 1)
T12 -359+2.66 (-8— 3) -298+2.10 (-9— 3)
L1 -0.36+331 (-4— 5) -0.78+3.47 (-10—9)
L2 413+219 (0—-9) 4.15+340 (0-—12)
L3 787+264 (4—15) 8.44+3.08 (3-12)
14 12204330 (6~19) 12.73+4.54 (4-20)
L5 19.53+3.12 (12—24) 19.82+4.99 (12—30)
S1 20.55+4.49 (10—28) 15.86+4.50 ( 7—21)
(Range)

2z
20 4
18 |
16 4 o Male
144
12
104
8..
6
44
24
0

-ZI\Q//
_4 Y T T T

TI0 TII T2 L1 L2 L3 14 L5 51
Segment

Fig. 3-5. Average Segmental Sagittal An-
gle in Male and Female.

+ Female

4 A, 44 3ol7} ggiek(Table 6) (p<0.
05).
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Table 6. The gross lordosis from L1 to Sl
segment

Age Male Female
21-30 53.38 +16.95 54.15+15.23
31-40 65.92+ 7.58 64.40+11.34
41-50 64.97+ 8.57 64.60+ 9.30
51—-60 66.62+ 9.35 57.91+10.46
Total 63.24+12.44
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