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Correlation study of sacral morphology and sagittal spino—pelvic alignment/SONG Kai, WU Bing,
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[Abstract] Objectives: To explore the correlation of sacral morphology and sagittal spino—pelvic alignment.
Methods: The full-length free—standing radiographs of 132 healthy adults aged from 18 to 35 were reviewed.
Radiological parameters, including lumbar lordosis(LL), pelvic incidence(Pl), sacral slope(SS), and pelvic tilt(PT)
were measured. Ferguson method was used to measure the angle between T12, L1-L5, S1-S5, S5Col tilt and
the vertical line of the upper endplate of S1. The sacral morphology parameters including the angle between
S1-2 tilt and the vertical line of the upper end plate of SI(S1-2T), the angle between S1-2 tilt and S5Col
tilt(sacral kyphosis, SK), the angle between the anterior edge of S2 and S4Col tilt (), the upper endplate of
S1 and the anterior edge of S2(B) and S4Col tilt and the upper endplate of S1(8) were measured. The sacral
position parameters including the horizontal angle of anterior edge of S2 (S2HA) and the horizontal angle of
S5Co1 tilt(S5Co1HA) were measured. Statistical methods included statistical description, correlation analysis,
linear regression and paired t test. Results: S2 was the sagittal lumbo—sacral "end vertebra". The correlation
between S1-2T and PI and LL was 0.656 and 0.260 (P<0.01), and it was 0.527 and 0.434 between SK and
PI and LL(P<0.01). The angle between S1-S5, S5Col tilt and the vertical line of the upper end plate of S1
were related to PI and LL; the difference of the tilt between S1 and S2 was related to the lower lumbar tilt.
P1=35°+0.52xB-0.37x6(R=0.87); LL=79°-0.45x0 (R=0.52); Pl=a+10°; LL=SK+12°; SS=S2AEHA+1.5°+12°;
S5ColHA=91°+11°. Conclusions: The degree of backward tilt of S1 and S2 are negatively correlated with PI
and LL; SK is positively correlated with PI and LL; the difference of the tilt between S1 and S2 reflects the

distribution of the lower lumbar spine to LL; the sacral morphology parameters could predict PI and LL, and
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sacral position parameters reflect pelvic tilted state.

[Key words] Sacrum; Spino—pelvic parameters; Sagittal alignment
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B1 HH-S&RRCSENEREE B2 a S1-2 BRLS S1 ANk kM (S1-2T) \S1-2 Hi# 4k 5 S5Co1 st
A (BEF RN, SK) b S1-2T B4x f B8R SKLPTLLL B/ e S1-2T RYZE XS )£ #/h SK.PLLL X B3 a
S2 Hii % 55 S4Col MR I MM (o) (ST EZ&ARS S2 ik Je i (B) \S4Col i #HLk 5 ST L AMK A (6) b S2 Hil £ /K fil
(S2HA) \S5Co1 M4} £k /K F £ (S5ColHA )

Figure 1 Schematic diagram of sagittal spino—plevic parameters Figure 2 a The angle between S1-2 and the vertical
line of the upper end plate of S1(S1-2T), the angle between S1-2 and S5Col(sacral kyphosis, SK) b A high absolute
S1-2T leads to low SK, PI and LL ¢ A low absolute S1-2T leads to high SK, PI and LL Figure 3 a The angle
between the anterior edge of S2 and S4Col tilt(e), the upper endplate of S1 and the anterior edge of S2(B), S4Col tilt
and the upper endplate of S1(8) b The horizontal angle of anterior edge of S2(S2HA), the horizontal angle of S5Col

(S5ColHA)
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D5 ) i S1-2T SEBn A A fi, # S1-2T 46 %) {8 8
K ,S1.S2 AR S1 2t e 268 11 J5 J7 (i &}, PLLLL
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Z oA R W, PL AT A 0 .8 T, LL
Al AT 6 SK L PTFN , AHOCERPERIF BRI T .
PI=35+0.52xB-0.37x6 (R=0.87);PI=81-0.54x0
(R=0.80) ; PI=0.88xB-15 (R=0.74);LL=15+0.55x
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PI+0.19xSK (R=0.57) ; LL=18+0.69 xPI (R=0.54) ;
LL=79-0.45x0 (R=0.52);LL=30+0.4xSK (R=
043),

MEIEES . K222 805 LL Pl 25 3%
5. FEMA ARG MEAR L ,PT S o LL 5 SK.SS
5 S2HA | [E%EfH 90°45 S5ColHA SEit =Tt i
%5 (P<0.05), Bl Pl=a+10°,LL=SK+12°,SS=

®1 BEFSHZITER
Table 1 Statistical description of the radiological

parameters
xEs
M 12 544 (T12T) 52.7+11.2
T 1 4 #A (LIT) 53.5+10.8
T2 2 fisiRt £ (12T) 52.2+9.6
2 3 /4 £ (L3T) 47.0+8.0
JE 4 A} £ (LAT) 37.4+8.2
T 5 4t A (LST) 21.9+6.5
#E 1R (SIT) -15.2+5.4
K 2 WA (S2T) -16.5+7.3
K 3 1A (S3T) -4.0+10.7
AK 4 WAL A (S4T) 9.4+14.0
i 5 At A (S5T) 27.2+13.9
K5 2 1R (S5ColT) 34.4+13.3
H ARG (P 46.3+8.5
5 AR (PT) 11.1+6.5
AR AR A (SS) 35.2+7.2
JBEHE Wir ™ £ (LL) 50.3+11.0
% 1-2 1304} f (S1-2T) -15.9+5.3
HEH R (SK) 50.3+11.9
A2 AT -AC 4 B 1 MRk Je i (o) 46.4x10.5
AR 1 ZH-S2 HEM T2 (B) 69.0+7.2
BE 4 B 188 1 &40 (0) 64.6+12.7
% 2 B2 AT f (S2HA) 33.8+7.2
ik 5 & 1 /K Fff (S5ColHA) 90.8+10.9

®2 S1-SsERlAESR
Table 2 Difference in S1T-S5T
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BSMMMSEINA 718355681  -14472 0,000
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Table 3 Correlation of lumbo—sacral tilt with S2T as baseline

I 5 1 5 i 2 JE 4 1 15— 2 [ 3 1 ik 2 I 2 {1 1 i 2 1R 2 i 12 K 2
{5 ff1 (LST-S2T) 10 1 (LAT-S2T) fii A (L3T-S2T) fii £ (L2T-S2T) i (LIT-S2T) i ff (T12T-S2T)

IR L =R 2 fii 0.5667 0.4297 0.3907 0.2837 0.2347 0.2092
IR 3 W=t 2 fii 0.007 0.133 0.1802 0.170 0.268" 0.2967
IR S W= 2 fi ~0.033 0.076 0.131 0.1922 0.2987 0.286"
IR W=t 2 fii 0.049 0.102 0.167 02192 0.3547 0.405"
I e | =ik 2 i 0,019 0.047 0.141 02222 0.3677 04317

1 :(MP<0.01;2P<0.05
Note: (DP<0.01; @P<0.05

® (i)

4 aPl50oMBEREMHBEE b PIS B MBS REMHBAE ¢ LLYS 0 MBS XL&MEMAE d LL 5 SK il
KA B
Figure 4 a Scatter diagram and linear fitting of PI and 6 b Scatter diagram and linear fitting of PI and B ¢ Scatter

diagram and linear fitting of LL and 6 d Scatter diagram and linear fitting of LL and SK

e, e AT S2 SEPR oM IEHT N AR AE i Al LRI B9 AL, Sy B sk T 0% R R
“OmAE” AR TAE” , WUAR AT S AL URERE BRER S TTRIASC B TSR T, S2 5 S3
1B T BRSSO, ST S2 AL T A MR R X NLER BB DG I R AR s, ELAR
Ky T S3 & S5Col ZMRBEIAT BRASIT ) BESCT AR O AE S2 T R N A DX, S AR
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Table 4 Correlation between sacral morphology

parameters and Pl and LL

HEAGAA AT A
(PD) (LL)
FaAM ] 0,536
I L2 b 0.656" 0.260"
BRI 0.5277 04347
2 4 4 1 LA 04520 03980
ELE 1 284 —S2 HEMR I 2% i 07417 03347
gﬁ 4 2 1-8R 1 & Ak ~0.7950 ~0.5207

7 :DP<0.01;2P<0.05
Note: (DP<0.01; @P<0.05

x5 HMEBESZFAUFSHELLPIER
Table 5 Difference between morphology and position

parameters and Pl and LL

xS t P

A - MEHERT A
PI-LL

B A A 2 A% 4
FE 1 MiAHER I M /PTl-a

JEEAE iy ™ R A5 AR

-3.992+9.636 -4.742  0.000
-0.099+10.105 -0.112 0911

0.000+12.219  0.000  1.000

LL-SK
o S Ay AL A A

M2 MELTRARAWE 1458012404 1336 0.184

Ay -y W

gﬁgﬁ‘{}\fﬁ;ﬁ’kTﬁ"go 0.80153+10.94280 0.838  0.403

B, S2 B /KF-f (S2HA) (S5Col fHi#HE K- £
(S5ColHA), nfa] SS K PT, Hbifi 4~ A A4 (32 A5 £k i
Ak IE A BF 5 KR S R ,SS =S2HA,
S5ColHA ~90° (Bl S5Col T b 1fi ) ,

S I, S80S 5 Wi, S2HA>SS,S5Co1HA<
90° ; 4 #E H Hi i i} , S2HA <SS, S5Col HA>90°, X
kb % 1 SS~35°8 PT~ 11°8 Jy )5 {52 .

AT (D) AR 1(Col ) AN A K
B, Ho— Ty T R R X S5 Ik g PR
— MR, Col 55 Co2 [ ANZE LM R i 25 )
FE K, HGE R SR R AR AR
SIS AT AR AR AEAR IR M L (2) KB 5 i A]
51 FNESAE 0 AR R BEW S, (3)AWF
FENPIERGE, R RHCE LA 5 E & 27 )
TEJ FLPE R BN R ORI B, R REAIARTL R
iR R AR e S = AN N VA B B I I 92 N T
FARKFHRERN R . (AR BARRZ A
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