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Sacral pelvic angle: a new pelvic anatomical parameter for assessing spino—pelvic sagittal balance/YIN
Ganghui, JIN Dadi, CHEN Fangyao, et al/Chinese Journal of Spine and Spinal Cord, 2014, 24(8):
704~709

[Abstract] Objectives: To introduce a new spine—pelvic parameter, sacral pelvic angle(SPA), and to investi-
gate the geometrical value of SPA and to evaluate its correlation, reliability and reproducibility compared with
other parametres. Methods: SPA was defined as the angle between PR line and the line perpendicular to the
sacral endplate. The relationship of SPA with pelvic angle(PA) and sacral slope(SS) was deduced with geo-
metric method. Whole spine, standing radiographs of 111 Chinese adult volunteers were taken. Cobb angle
and pelvic radius technique were adopted to measure the spino—pelvic sagittal parameters including SPA, tho-
racic kyphosis(TK), thoracolumbar kyphosis(TLK), lumbar lordosis(LL), SS, pelvic tilt(PT), pelvic incidence(PI),
sagittal vertical axis(SVA), spino—sacral angle(SSA), PA, pelvic morphology(PR-S1) and total lumbopelvic lordo-
sis(PR=T12). The correlations among all parameters were analyzed by Pearson correlation analysis. 80 radio-
graphs were randomly chosen for SPA measurement by two independent spine surgeons for 5 times at first
and another 5 times one month later. Coefficient of variation(CV) was calculated to evaluate the stability of
SPA, and introclass correlation coefficient (ICC) was used to reflect the consistency of measurements by the

same observer and between the two observers. Results: Geometric deduction confirmed that SPA=PA+SS=90°-
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PR-SI1. There were statistically significant positive correlations of SPA with PI, PR-S1, PA, PT, SS, SSA(r=
0.994, 1.000, 0.482, 0.538, 0.699, 0.465, P<0.05). Negative correlation was presented between SPA and LL
(r=—0.532, P<0.05). CV of SPA was 0.0023+0.02 and 0.0085+0.053 for the twice mearurement. ICC between
observers was 0.99 (P<0.01) and 0.97 (P<0.01),

Conclusions: SPA is an anatomical parameter with good reliability and reproducibility.

and ICC between twice measurements was 0.99 (P<0.01).
SPA=PA+SS. The

correlation of SPA with other parametres was similar to that of Pl with other parametres, which can be

adopted to assess the spino—pelvic sagittal balance.

[Key words] Sacral pelvic angle; Spine; Pelvis; Sagittal balance
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K I Cobb Wl & 42 R & PR M & £ R 7E 24
FEMIAL X 2o e B AT &, W 280 48 . (1)
SPA PR £k (HA ZEH#UE 5 LA AIEL) SHEE &
MR L e fl o (2) BHE S ™ # (thoracic kypho-
sis, TK) , T1 BRI S T12 T AR LKA,
JE N IEAE, FTY O E L (3) MREEE A
(thoracolumbar kyphosis, TLK) ,T10 | £ fiz Y] £k
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i, (4)EHMERT™ A (lumbar lordosis,LL) L1 %%
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SR &P RS R AR R A
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W — B % 80 ™ fA (total lumbopelvic lordosis,
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FrifE ,ICC A 0.81~1.00 by — B {£,0.61~0.80
by B —31,0.41~0.60 A — FHE P 0.21~0.40
H—BEF ,NT 020 —Brk 2, &SI
M 2R F S AG: 56, 46 36 /K ME «=0.05, P<0.05 h %
S REEE X,

2 H#R
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B,SS+B=90°, HH LML GNMELLMA a,
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it HA SR G LML 174k PR £k
5% HA S EL I M N PAPR &k 5450
UE G L AL NI AT PA S AH S0 N
i, SPA=PA+a=PA+SS=90°-~ PR-SI,
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111 BRI & H S BRI R 1.4
Z B A O M A BT A5 R 0L 2, SPA 5 PIL
PR -S1 .PA PT.SS.SSA & & & % IE M & (r=
0.994,1.000,0.482,0.538,0.699,0.465,P <0.05),
5 LL 2 W EFMH AL (r=-0.532,P<0.05), 5
SVA TLK f A A HA L bR & X (r=0.234,
-0.281,P<0.05),5 PR-T12 J TK JC ' & A %1%
(r=0.177,0.08,P>0.05) ,

2.3 AI{E YRR AT R PR IEAL 45

S5 — UL I 35 TS PG I Y SPA 4 iR
50.25°+7.84° 50.44°+7.64° & — WIN & /i 5 PR
WA SPA 4351 R 50.04°+7.72° 50.01°+7.72°;2

N

B 1 K SPA 5 PA I SS (1 ¢ 5 (BRA 2R IE K 4 5 i
B AR TELL T 90°=SS+B, /KT Lk F YL I i o 90°
=+ ; =SS o % 0 ff) by W4T A0 A5 1 N A A PA L SPA=
PA+SS=90°- PR-SI)

Figure 1 Geometric diagram for SPA=PA+SS (The angle
between the tangent line along the S1 endplate and S1
endplate perpendicular line was 90°, which was equal to
SS+B. The angle between horizontal line and vertical line
was 90°, which was equal to a+B. So a=SS. The green
angles were alternate interior angle, which was PA. Then

SPA=PA+SS=90°- PR-S1)

1 M HEEEEF-BEZSBNELER (n=111)

Table 1 The value of spinopelvic parameters in 111

volunteers
S YR bR o 22 J [l
Parameters Xt Range
AT 15 455 SPAC®) 49.95:835  28.42~72.83
Sacral pelvic angle
HEL*& i 'ﬁlﬁ’ L) 48751003 —68.6~-21.2
umbpar 1ordosis
ﬂﬂfﬁ’ﬁ .ﬁf’ TRC) 36.03+7.34 17.8~56.5
oracic kyphosis
Je B JE ™ ff TLK(°)
Thoracolumbar kyphosis 6.4+7.43 -12.85~23.43
M BB SS(°) 335747.64  14.07~52.18
Sacral slope
it PLC) 44758901  24.69~70.52
elvic 1mncidence
HAAER R SSAC) 127.324898  106.25~153.92
plno—sacrd dnge
%SWE Tl SVA (mm) 22.66£2279  —65.81~44.73
agittal vertical axis
L 4 °
@ PAC) 16.38£6.23  1.84~37.15
elvic angle
FEBUR I PT(0) 11.1846.60  -3.93~31.75
Pelvic tilt
PR-S1(°) ~40.05:835  -61.58~-17.17
G- AHN A PRETIZC) g6981939  _117.5--63.8

Total lumbopelvic lordosis
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A7 YO0 2 R O R ) SPA 4351 R 50.14°+7.76°
50.23°+7.66° , Hif J& I U I 448 S5 R AL CV 43 5 R
0.0023+0.02 % 0.0085+0.053 , MM & 18] 1CC 435l
4 0.99,P<0.01 K 0.97,P<0.01; HiJ& P& [a]
ICC 4 0.99,P<0.01(# 3).,

3 itig

HRVTEFE - A, B R R Sk
EHCE LR A ELIRN CS &, HKERZ
1 SPT (sagittal pelvic thickness),SPT J2& £k ¥ il
R 280, BLE B A B0, During 2090 CS 28 5
kA 2ot e f 2 LA PSA (pelvisacral angle) , If
B R — 2 W8, A During FJER |
Legaye %FU4H Jackson SFPIE I 42 th T W Fh PFAL 3R
4t (K 2), Legaye 5% CS £k 5 #ili At b 2
g SO PL, BUA BESEIA 0 T BUAR A~ PT 2
[ 5 AN 78 1) il ) 2 o 8 04 AR JLAT G R L Pl=
SS+PT=90°-PSA . Jackson %K [l 3k i 45 2 K1

Ja B A#ELFRZ R PR £k (pelvic radius line), Jf
¥ PR 45 #CH & M VI 2k f o Ll PR-SI
(pelvic morphology) ; PR—-ST 4 iz fiff &) 27 5 %P,
PR 28 SC 5 ot 285 CS £k 1k 5 iy 86 &b s
BEMEE A, B PR-S1 5 PSA PR E—3
B o A5 38 L - T8 A B JL AT 27 Uk B SPA=SS+
PA=90°~ PR-S1,SPA 5 PR-SI1 [WJL[# KR 5
PI 5 PSA LM~ 3G & — 3, Ui B SPA Al PI,
PR-S1 —FEAL 2 fif 1] 27 8 80, 78 1% AR N —
FEAR , AN PR Ao 032 1T 03E  ASF 58 SPA 5 PIL
PR -S1.PA PT SS SSA £ & # ¥ IE M X (r=
0.994,1.000,0.482,0.538,0.699,0.465,P <0.05),
5 LL &R FE AL (r=-0.532,P<0.05), SPA
5 HA S B A S PE R PT 5 H A 2 B0k 06 R )
WAL, G2 4 AR R SPA (P AR 52 M A A9
A BEAT N TPk A — B 2 5 R TSP A )
S0 A I T {5 B A n] B M S
S, AW RGIRZE RS ETE BRI  HE

£2 11 HIEEEEHE-BE2ESHER Pearson X R

Table 2 The Pearson correlation coefficients between the spinopelvic parameters of 111 volunteers

TK TLK PR-TI12 SVA SSA sS PT PA PR-SI PI SPA
LL -0.3877  0.319Y  0.653Y 0296  -0.8017  -0.8587  0.262% 0.34Y 05320 -0.536  -0.5327

TK 0.071 -0.3217  0.026 0.131 0.117 -0.032  -0.037 0.08 0.076 0.08
TLK 0.3167 0.167 02677 -0438"  0.129 0.16 -0.281%  —0.277%  -0.2817

PR-T12 0543V 05810  -0464%  0.775Y  0.806 0.177 0.174 0.177
SVA -0.3887  -0.081 0.399Y  0412Y 0234 02230 02347
SSA 0.807Y  -028Y 0367  0.4657 04790 0465V
SS -0.205%  -0.289%  0.699®  0.698%  0.6997
PT 0.985Y 0548V  0.5587  (0.5387
PA 04820 04750 04827

PR-S1 0.994% 19

PI 0.994%

TE (L, O™ S 5 TR, B IS o™ Ay s TLK, M M BER ™ A s PR=T12 , S = 2000 A sSVA | 20 MR 1 T il s SSA 4 R BIEH 7y 5SS, G- I
i1 PT, B 2R A s PA 5 2000 5 PL i 28 0 SPA B 45 4/ . DP<0.05

Note: TK, thoracic kyphosis; TLK, thoracolumbar kyphosis; LL, lumbar lordosis; SS, sacral slope; PT, pelvic til; PI, pelvic incidence; SVA,
sagittal vertical axis; PA, pelvic angle; SSA, spino-sacral angle; PR-T12, total lumbopelvic lordosis; SPA, sacral pelvic angle. DP<0.05

®3 2MMMEFRNE SPA B —BEH I 45 R

Table 3 The results of interobserver and intraobserver agreement of SPA

1% LA R B 95% 1] 5 DX 1] P
Cases ICC 95% CI P value
S — U Ak 2 57 L) A [ ) A
Interobserver reliability of the 1st measurement 80 0.99 0.980~0.992 0.000
S U A 2 5 L) A [ T A
Interobserver reliability of the 2nd measurement 80 0.97 0.957~0.982 0.000
DAY B T S 160 0.9 0.990-0.995 0,000

Repeatability of the two measurements by two observers
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Figure 2 Parameters diagrams for Pl and PRSI

PR ERE, PL RGN E A RGEIR AT,
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BEE AR, o) HMIC ™ R AR I B AR
A X I MR A B E L3 T X2 P
R B  PR-S1 RE A R EAFAE T : (1) HA
SUEARL; (2) B ARG A AL, H R G A 1R 22
M PL RGP Jackson FOHFSE H R ] PR U 5
AR X B R OUL 2 ] i) Rl A R A AT E S M
A, I PA XS 2 ALERE S B il PT
T 28 A B ZARHT S S s A HAR 2R
PA % PT kA 1 XS & b s AW A e 22, X2
PR-S1 RGALT PL RS0 JEH, 35 78 5 3 i |
BEE B2t R R 8 R JCHAA S, Ak
FECRZ S G R IA Y PA=PT, K&
kh SRR ECE S M PA 5 PT R By B AR 42
U A Y e Sk b U B RS S MR SR B
FER G ML 55 PA 5 PT I 1 25 {H0R 550K, A
R PA=PT BHEGIAMGED, KR WF 58 45 208
A 25 . PR-ST FRGuiik b /& Had H T AR i) ~F-
PR 5T B PR T PR DU 7 k[ A B Bk B 45
OB -5 A AT ™ /A (segment  lumbopelvic
lordosis ) 7 I £ PR £ 15 2 NEAE T 2t e £, 4% IR
LI A B, > e I A A B -
VI, 23k BIX R AL ER R U, S AT R
KRR S, vl 6e 3N EHE S L B =7
FEHE S T M HE-PR A BB 58 4 —BUW SO0, i E
B E S R E AR A, 7R PR ISR
PR-T12 H 1A Jhy S AT R Vil A 2 R 1 ~F 1685 1)
SR AR TE ] T B R AR B ME A, e A

2 H R i T4-T12/PR-T12 {3k 58 X —
BB o H T4-T12/PR-T12 H A AT TG 12 1A B0 o A
Je R ET T A R AR AL, DR PR T
03dE F T BEME - 2 & A BIF5Eh SPA RS P
PO i AR 5 R E CV 43l o 0.0023 £0.02 K
0.0085+0.053, Ut B SPA J&— M RFaE 35 45, WL
M2 18] 1CC 4391 4 0.99 (P<0.01) & 0.97 (P<
0.01), PRI E (] ICC A 0.99 (P<0.01), M
Landis #l Koch A%¥RE , A8 58 1CC 18 4, 2 Bl
SPA BRI BE e, AT EE B PEAT

ABEF AR WoR  FRATTHE 1 SPA & — A
HlEE R B B i R {E BE AT A SPA 5
HoAth Z B0 S HE RN PL 5 H At 2 50 D PE O 2
I K Y L < B = o 7 O NI T G TR |
SPA A7 7 W5 W AT 3kt G G B v A ) T 1) 1R 2
MIE T A AOE R e, AT AR R IR A
FE— A HOIRAL P18 1) 280, SPA=PA+SS, 7] LUKt
PI J¢ PR-S1 MER G B Rk, HiF— LRk
SPA I RS PR TR 1 2 P il 58
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