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Coorelation analysis between early postoperative center of gravity line (W-line) and proximal junction-
al failure after adult spinal deformity correction/ZHANG Zifang, ZHENG Guoquan, XUE Chao, et al/
Chinese Journal of Spine and Spinal Cord, 2022, 32(3): 221-229

[Abstract] Objectives: To explore the correlation between the early postoperative center of gravity line of
the human body, namely W-line in this study, and the proximal junctional failure(PJF) developing in adult
spinal deformity (ASD). Methods: We retrospectively analyzed the data of 99 adult spinal deformity (ASD)
patients (male: 19; female: 80) who received surgery operation in our single institution from June 2014 to
March 2019. All of the patients underwent posterior long—segments(=4 vertebras) fusion with instrumentation,
and were followed up for a minimum of 24 months. The spinopelvic parameters before operation, at 3 months
after operation and the final follow —up were measured and recorded. On the lateral full —spine X -ray
radiographs, the vertical line through the external auditory canal was defined as the W-line, according to

which, all the patients were divided into three groups: group A, group B, group C. The horizontal distance
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between W-line and S1 was defined as WSD, and the horizontal distance from W-line to the midpoint of the
central line of the femoral head was defined as WHD. WSD and WHD were measured at 3 months after
operation, N-W-line=

WHD/WSD. The value of WSD/WHD was recorded as positive if W-line was in front of the reference point,

and the position of W-line was converted into numeric value of W-line (N-W-line):
and vice versa. The optimal location of W-line was deduced using receiver operating characteristic (ROC)
curve analysis. A Kaplan-Meier curve and Log-rank were used to analyze the differences in PJF —free
Results:
postoperatively was +0.78 [sensitivity=75.0%, specificity=75.9%, the area under the curve (AUC)=0.736, P=
0.003]. Then, three groups were defined as group A: the N-W-line>0.78, group B: -0.78 <N-W-line<0.78,

and C: N-W-line<-0.78, respectively.

survival. ROC curve analysis determined the optimal threshold of N-W-line at the 3rd month

The pelvic incidence of patients in group A was the smallest among
the three groups(P<0.05), and the sagittal vertical axis (P<0.001), T1 pelvic angle (P<0.001) and mismatch of
pelvic incidence minus lumbar lordosis(P<0.001) at the 3rd month postoperatively were smaller than the other
two groups significantly. Yet, of groups A, B and C, the number of patients occurring PJF was 12, 3, and 1,
respectively, and the patients in group A suffered the highest incidence of PJF comparing with groups B and
C (12/32 vs 3/49 vs 1/18, P<0.001). Moreover, PJF—free survival was the lowest in the group A(P=0.005,
Log-rank test). In groups C and B, the W-line position gradually moved forward, and the sagittal spinopelvic
Conclusions: The early
ASD

patients with W-line behind the sacrum or deviating away from the hip forwardly at the early post—operation

parameters increased gradually, while the incidence of PJF decreased significantly.

postoperative W-line could be an effective predictor for PJF in ASD patients after deformity correction.
would be vulnerable to PJF-developing. Those ASD patients with mildly inclination forwardly may have the
optimal spinopelvic alignment after surgery.

[Key words] Adult spinal deformity; W-line; Proximal junctional failure; Receiver operating characteristic
curve analysis; Long—fusion surgery

[Author’s address] The First Medical Center of the Chinese PLA General Hospital, Beijing, 100853, China
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Figure 1 W-line represents the vertical line through external auditory canal.

from the posterosuperior corner of S1 to the W-line.

(HC) to the W-line
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JoF OG0 A il vel, PR S R S EO
Surgimap A& (A .2.3.2.1, ),

120 HHRRmSE (K2)  OFHER ™ M
(cervical lordosis,CL):C2 FZ&ME C7 T &M la]
()2 £ ; @I HE IS ™ £ (thoracic kyphosis, TK) : T4
MRS T12 T &AM IR 5 f; Q)M BE B 5 ™ ff
(thoracolumbar kyphosis, TLK):T10 |- Z 4 5 1.2
NEMRE A, @OFEHERT ™A (lumbar lordosis,
LL):L1 #4581 E2ARimJe i,

122 B#HEs%H (F2) QO#EMEf (sacral
slope,SS) :S1 2 AR VILL 5K L g ff; @
AR (pelvie tilt,PT) ST _EZ8H b 5 5 XU
JBeH Sk vh AR LR SRR T UM, BB ST
i (pelvic incidence,P1) ;ST 244z i 5 5 000 i
B AL S 2 ST b 2 5 T 2 A 28 T L
S

123 FHEEFESEE2) OFRIREF
i (sagittal vertical axis,SVA):Z8 C7 MEAR .05

1 W-line HZANEIE ML, WSD 7 W-line & #E45
& EGOK-IE B WHD o W-line % B8 3k i £k
- fi 2 HHE AR S RO R R A SR T
M (CL),C2 FAWLE C7 FAMYILZ M Cobb K
1 HEJS ™ (TK) T4 L& ARYIZ 50 12 F 24 D) £k
2] Cobb &A1 s BB J5 ™ A (TLK), T10 L2 bIk 5
12 FZMmIZZH Cobb KA s MEMERT M M (LL), L1 EZ
WAL ST 2 I 46 Z 8] Cobb IG5 HE-B 1 & M
(SS),S1 &M Y) 2k 5K -2k 2 1) e ffy 5 45 A Wi A
(PT), e kbbb i 5 SI EAR P EL S &K

Bk TR R N TR R 2 e M B AR (P, B
S S S S1 E& P EEL S5 % S1 B AR

2R A IS s RARAE P 7 (SVA),C7 T2 = ST ) 1
ELS B kD EL S ST R 2R ATE LI A

WSD indicates the horizontal distance

WHD is the horizontal distance from the center of femoral heads

Figure 2 The schematic diagram of radiographic sagittal spinopelvic parameters measurement: cer-

vical lordosis(CL), the Cobb angle between the lower endplates of C2 and C7; thoracic kyphosis(TK), the Cobb angle be-
tween the upper endplate of T4 and the lower endplate of T12; thoracolumbar kyphosis(TLK), the Cobb angle between
the upper endplate of T10 and the lower endplate of 1.2; lumbar lordosis(LL), the Cobb angle between the upper end-
PT), the
angle between the line from the middle of the sacral plate to the middle of the hip axis and the vertical line; pelvic in-
cidence (PI),
midpoint of the central line of the femoral head and the midpoint of S1 superior endplate; sagittal vertical axis(SVA), the

plates of L1 and SI; sacral slope(SS), the angle between the sacral endplate and the horizontal line; pelvic tilt(
the angle between the line perpendicular to the midpoint of the sacral plate and the line connecting the
horizontal distance between the C7 plumb line and the posterosuperior corner of S1; T1 pelvic angle(TPA), the angle be-

tween the line from the midpoint of femoral head axis to T1 center and the midpoint of femoral head axis to the

midpoint of S1 upper endplate
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Figure 3 The ROC curve showed that the critical value of N-W-line was 0.78,

sensitivity=75%, specificity=75.9%,

AUC=0.736, P=0.003 Figure 4 W-line distribution diagram in patients belonging to the group A(N-W-line>0.78), B(-

0.78<N-W-line<0.78), and C(N-W-line<-0.78)
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B E/NTHAL A (£ 3),
25 ZHBEFHEBAEHEZRY SR

A 4 HBE RTT SVA (P<0.001) /N R 5 3 4>
A, =H 8 #F SVA(P<0.001) . TPA (P<0.001) %
PI-LL(P<0.001) ¥ A Ge it 2% 22 % R IR BV B, A
ZH SVA (P<0.001) &% PI-LL(P<0.001) 8 # /N T H

eIz (% 4),
2.6 —HEHFASHEEABHEEBESHLK
{H A

A B K CH#BHTARBE . AR &
SEMEREL ULV K LIV ¥ EG it22 22 5% (P>0.05);

®1 ABRCHBE-MRBELXR
Table 1 Demographic data of patients in groups A,
B, and C

A4l (n=32) B4l(n=49) C4l(n=18) Pfi

Group A Group B Group C P value
Lok
CHEGIE | 25(T8.0%) 42(85.7%) 13(722%) 0414
R 63.84£9.47 64.14+820 66.89+6.60 0422
te)

ﬁ‘ﬁ%ﬁ(kg/mz) 24.58+10.30 24.17+10.59 25.13+7.27 0.618

FERPERG i L
No. of
comorbidities
Fifi 1 B[] ()

Follow—up(month)

23(71.9%) 38(77.6%) 10(55.6%) 0.208

51.90£17.05 51.39+14.86 50.17+16.19 0.932

AN, = 2H AR R AR O R A 2 8O IE Qi TK
TLK.LL.SVA J TPA S5 043t % 2 5 (P>
0.05,%5).

Kaplan—Meier Ml £ % Log-rank i % i 75 A
B E AR PIF A A mf ] i /N T HA W 2 (K
5)o

3 it

N BN O A B PRk
PR T 2 b7 A AER RAF Ao, ELAf R R A
O YEFFAE T H JLET Y, Schwab SF"HA K ASD
FBE ARG B TR T B 5 A4 712440 56 I K
I PJK/PJF S5 UIAH G, ASD JREBIE ARG W-
line i 5 BF, A 47 B alm o 28 5 X 6 ) vl g g 3
s, bz &4 PIK/PIF,

R A WG A3 BAF 5% 485 SR 41 3R AT 28 40 B3l 14
2k E LN W-line, FFMRHE W-line 5 & S i
AT L YRR L B TR R =, =
BEAT LLFFIEEAL, RF A 4 EHE W-line
B FHE S . A4 HEHE SVA (1201 =
39.67mm) % TPA (9.15°+6.06°) & % /N T HoAth P
4, B R G S5 R0 S i E  (H R DS
AR A LR PIF R A S T A W 4

F2 ABRCHBHEAREREFZSENE
Table 2 Sagittal imaging parameters of spine in groups A, B, and C

Y, AZL(n=32) B4 (n=49) CUL(n=18) Pl
Variable Group A Group B Group C P value

ST CLC°)

AT Pre—operation 13.25:17.78 ~19.88+19.33 17851621 0.482

B i postaperatively 752:16.68 10.45£13.94 7.97+17.65 0.829

KU F Final follow-up -10.56213.88 ~16.80£11.20 13771577 0.109
g J5 ™ TK ()

AHT Pre—operation 19.85:13.84 15.26+13.19 15.58+9.51 0.258

Mz ta post-cperatinely 23.18£10.07 20.92:11.40 23.54+7.67 0.601

KU T Final follow—up 29.87210.30 24.41:1133 31.8929.04 0.014
Mg 22 B J o™ TLK (°)

Al Pre—operation 28.40£16.85 19.77216.01 17.50217.78 0.037

M3 Dostcoperativels 13.25£10.05 9.96:10.33 5.70£9.27 0.015

K UCHE T Final follow-—up 33.58+12.05 11.90:8.37 10.7028.70 <0.001
JERTMY LL(°)

AT Pre—operation ~2737£20.69 17.63£21.16 25.71216.62 0.09

B i postaperatively 41.83£11.59 35.63:12.51 ~38.08+10.88 0.084

KU T Final follow-up 446021287 £32.0813.42 _42.80211.82 0.023
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(12/32:3/49:1/18,P<0.001), UL ™) UL ASD
BHIEAR Ja .02 ), B W-line 1 T-#UE J5 7 %
BEHIN PIF KA 2 FATHEWT W-line fii 5 7%
VA AR A I e B 5 3 A e S 5 A T 30 i 58
FEIXON SRR Bl 2 kA PIF X 5 0 ) i F ST 46
PRl HEAF, Kaplan—Meier #h 28 (& 5) 87~ A
2H f8 3 3R PIF A= A7 ) 1) 5 25 0T HC At 9 20 78
(P=0.005, Log-rank £ %) . FH AT UL, ASD B85 %F
ARG W-line 8 J5 , B3 3K T i BT | [ & it
Uiig 58 D7 A W R ) OR . RS PIF Az I []
MR AE PIF A A7 o [

Wil 2 A 0 10 A AR SR T i, B AE
SN TPA SVA K PI-LL %58 Wit k324 rh
LR AR AR f T R (ST —AB T ), R
FIRAE FRTBUR S, ASD B KL b Z4E A
FED, He 2 A BEAT A 2o A8 o A g I e i
FABel PR 2 R T TR G R LA A S A
RUATUIR 25 0 Ry He e AR T RE A7 . ABF5Eh B.C 4R
HFWAG  HE W-line £ B /i H% B8 A5
%2 28040 SVA PI-LL K TPA %% i 4 K | {H
JE PIF M9 AR 2 eIk, f I A] L ASD %
FIEA TG W-line 7 T8EH 717 BB Sk Hho0 B3l

®3 ABRCABEFBEESHNER
Table 3 Imaging parameters of pelvic in groups A, B, and C

2 A4l(n=32) B4L(n=49) UL (n=18) Pl
Variable Group A Group B Group C P value
ACE A SS(°)
A §i Pre-operation 20.66:+13.44 20.14£13.74 27.0310.00 0.108
UL, S 292041078 29.55+10.82 29.3949.60 0.99
KUK Final follow—up 31.32:9.44 28.43:10.39 30.36£8.19 0.419
B AR PT()
Al Pre—operation 21.80£11.75 26.53£12.25 23.1529.70 0.197
R ot ahuth post-operatively 12.4628.35 18.2429.60 19.98:8.67 0.004
KU HE Ui Final follow-up 12.8429.84 23.14£10.74 22.98+10.67 <0.001
HHAS A PLC®)
Al Pre—operation 42.4629.61 46.68+11.54 50.64+12.66 0.029
Mz A sost-operatively 41.93£9.00 47.79:11.88 49.36£12.22 0.026
VB i Final follow-up 41.8829.87 48.7910.90 49.92+11.87 0.017

®4 ABRCHBHEAIKEZEFZSHUNR

Table 4 Global sagittal imaging parameters of spine in groups A, B, and C

¥ A4L(n=32) B4L(n=49) CAL(n=18) Pl
Variable Group A Group B Group C P value

B F A C PI-LL(°)

AHT Pre—operation 14.45:21.62 28.15+19.72 27.92+15.38 0.017

Mz ta post-cperatinely 0.09£10.39 12.16212.30 11.27:9.84 <0.001

KU T Final follow—up 0.10£9.96 11.92211.22 13.069.77 <0.001
TU A TPA(®)

Al Pre—operation 18.2411.40 27.42+13.99 22.41:10.49 0.008

M3 Dostcoperativels 8.99:£5.99 17.81£9.56 15.82+7.47 <0.001

KUK Final follow—up 16.78£10.21 21.86:10.88 22.83£11.73 0.106
SR AT SVA (mm)

AT Pre—operation 23.08+36.40 76.49+60.57 47.34+43.22 <0.001

M3 postoperatively 7724245 32.24+24.50 14.76:14.16 <0.001

KU T Final follow-up 17.97+30.21 43.67423.45 35.6:19.65 <0.001
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Table 5 The correction of imaging parameters and surgical data in groups A, B, and C

28 A4l (n=32) B (n=49) C# (n=18) PIE
Variable Group A Group B Group C P value
FARBFH] (min) Operative time 276.41+57.39 287.91£51.14 263.56+60.20 0.285
At il f# (ml) Intraoperative blood loss 497.58+173.48 518.93+173.50 489.37+134.43 0.777
FARAT B Surgical segments 8.03+1.89 8.55+2.46 8.26+2.27 0.451
I ¥iHE, T10/L4 | UIV(T10 or above) 24(75%) 31(63.3%) 12(63.2%) 0.506
T Ui HE , S1/S2/4 7 LIV(S1/S2/pelvis) 13(40.6%) 30(61.2%) 10(55.6%) 0.188
Jif J5 M9 IE B (°) d-TK 3.20+9.90 6.10+9.83 6.20+12.14 0.429
il 1B B J o4 B E 2 (°) d-TLK -15.48+12.95 -9.88+15.10 -11.89+17.62 0.272
JEE ™ B IE BE (°) d-LL 15.30+14.99 16.83+16.88 12.27+16.17 0.606
IR TP BE T IE BE (mm) d-SVA -37.70+48.53 -35.30+55.61 -40.28+44.49 0.939
T1 H#MABFIERE (°) d-TPA -9.72+8.99 -8.71+8.93 -7.08+6.66 0.602
TE:d—, Rm FARBFIELL
Note: d—, indicates the correction of imaging parameters
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Figure 5 Kaplan—Meier curves of survival time of PJF-free patients in groups A, B, and C
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