880 P A AR B B2 A 2022 4E5S 32 55 10 W Chinese Journal of Spine and Spinal Cord, 2022, Vol. 32, No.10

e BRAE
MEAR CT A& 12 TR ZAARE A -8k o~ A5 T 27
AR R AL D o R e

T &2 FEELI FLELLLE VY LKRRL LK EUHEBRA L, TRFLHE O K BT
(1 AR AKFEZERER BEXTREESHTT TER PO SRR bR mE S50 100191 L,
2 bt BRI ERE R 102200)

(FE] B8 UFFDEMER CT (78 19000 250 1l A S5 S 30 D 8 TR v ) B2 R A . 3% - TR0 43
2017 4F 1 H~2018 4F 6 H b5t K2 55 = I Be J0UME &l AU IE 1 306 19 47 30 4 117 % il A T AR 1 S00HE AR 4714 95
I AR TR R D0 R, 2652 AR A R4 F1E 5 R 48 (picture archiving and communication system,PACS) Ll # C2~C7
HE M B8 e 9 CT AL, 38 3 SRR X 2 W Wi (dual—energy X-ray absorptiometry, DXA) 3R L1~14 & (1 %
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Application of cervical CT value in predicting early implant subsidence after anterior cervical fusion
surgery/HE Lei, ZHOU Feifei, SUN Yu, et al/Chinese Journal of Spine and Spinal Cord, 2022, 32
(10): 880-887

[Abstract] Objectives: To investigate the application of CT value of cervical vertebrae in predicting early
internal plant subsidence after anterior cervical fusion. Methods: A retrospective analysis was performed on
306 patients with cervical degenerative diseases who underwent anterior cervical fusion surgery from January
2017 to June 2018 in the Cervical Spine Group of Orthopaedic Department of the Third Hospital of Peking
University. The CT values of cross—sectional C2-C7 vertebrae were measured on the picture archiving and
communication system(PACS), and the total bone mineral density(BMD) T values of L1-14 were obtained by
dual—energy X-ray absorptiometry(DXA). The heights of the anterior and posterior edges of the fusion segment
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and the Cobb angle were measured on neutral lateral radiograph of cervical spine on day 2 and at month 3
after operation. The average height loss of the anterior and posterior edges of the fusion segment =2mm be-
tween 3 months and 2 days after surgery was defined as subsidence of the implant. Spearman’s rank correla-
tion was used to test the correlation between the lumbar BMD T value and the C2-C7 CT mean value, as
well as the correlation between the C2—-C7 CT mean value, the lumbar BMD T value and the height loss and
the Cobb angle change of fusion segments, respectively. Logistic regression model was used to test the corre-
lations between the C2-C7 CT mean value, the lumbar T value and the subsidence. Taking subsidence(=
2mm) as the standard, the critical value of C2-C7 CT mean value was determined by using the receiver op-
erating characteristic(ROC) curve. Results: There were 122 cases of subsidence and 184 cases of non-subsi-
dence at 3 months after operation. The incidence rate of subsidence was 39.9%. There was a significant posi-
tive correlation between the C2-C7 CT mean value and the lumbar T value(r=0.518, P<0.001). There was a
significant negative correlation between the C2-C7 CT mean value and the change of Cobb angle of the fu-
sion segment(r=—0.170, P=0.003). However, there was no significant correlation between the lumbar T value
and the change of Cobb angle of the fusion segment (P=0.605).
the height loss of the fusion segment and the C2-C7 CT mean value (P=0.056)

0.274). Using Logistic regression model, after adjusting gender, operation style and segment, the correlation be-

There was no significant correlation between
or the lumbar T value (P=
tween the subsidence and the C2-C7 CT mean value was statistically significant (P=0.035), as an increase of
per 1HU in CT value decreasing the subsidence risk by 0.4%(0R=0.996, 95%CI: 0.992-1.000); After adjust-
ing gender, operation style and segment, the correlation between the subsidence and the lumbar T value was
not statistically significant(P=0.098). Taking the subsidence as the standard, the area under the curve of ROC
curve was 0.562, and the best C2-C7 CT mean value on the ROC curve was 273HU. Conclusions: The CT
value of cervical vertebrae was superior to the lumbar T value when predicting the early subsidence of inter-
nal implants after anterior cervical fusion surgery.

Patients with higher preoperative CT value of cervical ver-

tebral had lower risk of implant subsidence after surgery.
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PPA B3 TR BOMEAR 0 B 9% B2 SR, 00 AfE:
A CT{H 76 T50 00 S5UARE HE [] fil 5 AR 5 & A2 9 B P D0
K7 THT BB 5 19 R DL AT o A B 5 40388 2ok o Josi
3B STUME I Al A TR S I B R TR S R
TR A ()1 285 B DPAL 7 i AR DG, PR 5T A
HEFR CT 8 7 T 250HE B I il & R J5 510 9 & )
TR r N A

1 #ABEFE
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[B] 45 1) B Ve HE AL il R (anterior cervical dis-
cectomy and fusion, ACDF) . 20 HE Aij B A 42 K 42
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JoikFE PACS (picture archiving and communica-
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Figure 1 The measurement of CT value of cervical vertebrae a Localization was performed by CT sagittal reconstruction

of cervical spine b CT values were measured on the mid—transverse section Figure 2 a The heights of the anterior
and posterior edges of the fusion segment were measured on neutral lateral radiograph of cervical spine. ab was the
height of the anterior edge, c¢d was the height of the posterior edge, and ef was the sagittal diameter of C1 b The Cobb

angle of the fusion segment was measured on neutral lateral radiograph of cervical spine
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AR AT i 3 A M (r=—-0.170,P=0.003) , 5 i #H 5%
E A B %5 B2 T 5 Rl 19 Bt Cobb 1272 6 12
FAH N (P=0.605) , flG B s BE R RE S C2~
C7 MER CT Y{E TG 5 3 AH G (P=0.056) , 15 A
B R T {HJC 0 3 A C M (P=0.274,38 3) ., K H
Logistic [m] =452 7Y 45 il ¢4 51 A 2 F0 755 B (9 52 )
J& , ULRE (=2mm) 55 C2~C7 HEMAR CT ¥(HA B
A (P=0.035, 3 4) ,C2~C7 HEAK CT 418 4 71

B3 S5 ,63% 89U 1AEME A LIBATE JRRAR 10d, 17 TR0 B C5~C7 M F] £ U1

= THU, LR RS B A% 0.4% (OR=0.996,95%CI ;
0.992~1.000) ; 4 il 4 51 A 2T B 0 52 i
UURE (=2mm) 5 HEMEE 28 T (50 W 3% A ek
(P=0.098,% 5) ., AEgJE £ K =2mm MU, R
C2~CTHEFRCT H{E W Wik ) ROC i £k F i #1
9 0.562, C2~CTHEMRCT HI{HE I FLAE N 273HU,

3 tie
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9 T fE, 7EBEAE RIS FATA B, SUHEAEMAR CT
(LA Bl T SUHE T AR B85 R A3 8 1L I PR Al P
HAHTTE RS, R 00 B S R S i
B RS AR S IR RAE R L AR OGS e R
Ao WA B B A P D7k BE A S A S
HE RIS BlS A N B Y IORE M C IR, BT
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e A I 5 08 R BROB N [ R AR R I A 4 B T (B8 -0.2 a AR UM A2 X
LR RBHERLS, TS b RATW I C2~C7 MK CT {8 241HU ¢ AT S
MRI 7R C5~C7 MERI B M, AN d AJF 2d M6 X e B, e 19 BOR 4 0 2
67.41mm, J5 %% 62.78mm,C1 KR4 61.85mm e ARJS 3 AL X il i, Cl
JOMRAE N 63.58mm, £ A% 1E 5 @A 1T BE T 2k 63.54mm, J5 25 2 59.57mm, R JE 3 A4
A EE AR 3.54mm , & AE DR

Figure 3 A 63-year-old male patient, neck pain for 1 year aggravated with pain and
numbness of the right upper limb for 10 days, underwent anterior cervical discectomy at

@ C5-C7,

internal fixation.

bone grafting and fusion with intervertebral fusion cage, and titanium plate

The preoperative lumbar BMD T value was -0.2 a Lateral X-ray of
cervical spine before operation showed retroflexion and calcification of the nuchal ligament b The C2-C7 CT mean value
measured before operation was 241HU ¢ Preoperative cervical MRI showed C5-C7 disc herniation, the right side d The
height of the anterior edge of the fusion segment was 67.41mm, the height of the posterior edge was 62.78mm, and the
sagittal diameter of C1 was 61.85mm measured on lateral X -ray on day 2 after operation e Three months after
operation, the sagittal diameter of C1 was 63.58mm, the height of the anterior edge of the fusion segment was 63.54mm
and the height of the posterior edge was 59.57mm after correction measured on lateral X-ray. The height decreased by

3.54mm and subsidence occurred at 3 months after operation
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3.1 UURERYE SR R AER

A I I R 15 A B DT I R v Rl LUR B Rl S
BN E R A R, BRAE SCHER A BR A
A LR RE S Rl 19 B 25 R 0 3mml©2 101,
A58 SRR B 2 S0 2mmP 9, 72 L
UURE Ay v B 25k B 0 3mm B SCHROR 22 02 2R FHAY
A6 P AR ) il 5 48 10 A ] R A7 A Al I 7 ) 390 iy e

x1 MEAREIEAEEN BRI
Table 1 General information of patients in subsidence

group and non-subsidence group

LR TeUilEA
Group of Group of non—
subsidence subsidence
9o 191 450
Number of cases 122 184
A (%)% 60.0(54.0~63.0)  58.0(53.0~62.0)
Age(years)
HERS B (%)]
Gender[male, n(%)] 63(31.6) 9321
BMI (kg/m?) 25.5+2.8 24.5+3.0
AR[n, (%)]
Operation style
ACDF 75(61.5) 135(73.4)
ACCF 37(30.3) 18(9.8)
Zero—P 10(8.2) 31(16.8)
B, (%))
Segment
i B 38(31.1) 91(49.5)
Single segment
X B
Double segments 9(484) 3391
=B
Three segments and above 25(20.5) 20(10.9)
C2~C7 HEM CT 48 (HU )* 293.9 309.5
C2-C7 CT mean value* (248.0~360.3) (277.7~354.7)
B A B T ~12+14 ~1.0£1.3

Lumbar T value

T AR C2~CT7 CT BT A IEZS 20 A, R Hp o H (ol 4y
P80 R, FEA S R T 2 B b o 22 5017 43 LU JE 7R

Note: *, age and C2—C7 CT mean value did not conform to the
normal distribution, which were displayed by the median (quar-
tile), and the other results were displayed by the mean + stan-

dard deviation or percentage

AR Ty 20100 i B R ORR A B TR AR S N B
YT I e Az 2R8I B 98 Aol = 2mm 1R S TR
R PRI
WEPTIRREAEAR G R AT &4 A F5EIA
4 ,ACDF 5 ACCF R J& Cobb g/, WEYUL
M EZRAETEARE 24 A NN, AN, &
AR B W A B B R R S 3 A H e Ao
HE ) il 5 )5 DR A5% 1k o PR IG  AS B 5 18 RO = 55 —
RKEARJG 3D AEAR X &7 40 s,

x2 TEMBAXRAEEZER
Table 2 Operation style of anterior cervical surgery

and the incidence of subsidence

Rt o 191 VLRI ke % 3R (%)
Operation stvl Number of Cases of Incidence of
peration style cases subsidence subsidence

ACDF

A B 58 8 13.8

Single segment

AT B

Double segments 10 3 391

B 41 23 56.1

Three segments

DY B 1 1 100.0

Four segments
ACCF

Rl 45 30 66.7

Single segment

T B

Double segments 10 ! 700
Zero—P

Q‘{ B 33 5 15.1

Single segment

WU B 6 3 50.0

Double segments

=B

Three segments 2 2 100
ait 306 122 39.9

Total

% 3 Spearman #iHXRI LR
Table 3 Results of the Spearman rank correlation test
rfE Pl

r value P value

C2~C7 CT {8 5 WEME %5 B T 18
C2-C7 CT mean value and lumbar T value

C2~C7 CT ¥l 54 17 Bt Cobb £ 2728
C2-C7 CT mean value and the change of —0.170 0.003

Cobb angle of the fusion segment

C2~CT CT B 5 Rl 34 By B 2 A
C2-C7 CT mean value and the fusion -0.109 0.056
segment height loss

TEEAE %% & T {5 /& 19 Bt Cobb £ k7%
Lumbar T value and the change of Cobb  0.030 0.605

angle of the fusion segment

M P 85 R T (S A B B (B

Lumbar T value and the fusion segment —0.063 0.274
height loss

0.518 <0.001
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A5 K ACDF 5 Zero-P AR 5 FF 17
WF5E 2 N, ACDF A X B A A 45 4 52 45 A [1)
B, BE A Ak Fp A 18] g J3E K SUME i JE 5 T Zero—P
ARTCRM A, B 5 & A ME L il A% DI S 35
HE B RO R AR5 v SUAE T 8% Zero—P AR SUE
REARAT 5 Hl B PR R G 18 2 AT AL, (HR i HE
) Bt g B 25 K DA M 4k e AR i R A B R T
ACDF™, Lee "\ Zero-P A5 ACDF J73L
FEARK, (ELHIT 5 A 5] il 5 s UL A S A 1) i 15 3 07
B K5
3.2 FUHEMEMR CT {05 AR5 F ) Cobb A2y
KA

PAFEAIFFE N S S00HE A B Rl 45 AR TR )7 IR AT PR
e, SR B AR R 5 7 B i o™ el ke A
RIHME ) SR AT VE SO Y D 3R 2 1, T Il R T AR
R BLE A E DTN, SUAE R 4 R AR Ak R PE
W%, ARSI s ARG 3 AN A BEDTIN fl S
AT B B TR R S i, HL C2~CT AR
#&4 ZHEZE Logistic FIF#EE FAME (=2mm) 5%

B AXFFBER C2~C7 #4E CT HEME XM
Table 4 The correlations between subsidence (=2mm)
and gender, operation style and segment, and C2-C7

CT mean value in multivariate Logistic regression

FEAH HE (95% W] {5 IX 1] ) Pl
Odds ratio (95%

confidence interval) P value

5 Gender

4 Female 1.00

5 Male 2.744(1.608~4.682)  <0.001
AR B

Operation style and segment

ACDF 1§, Zero—P H75 B

ACDF or Zero-P single 1.00
segment

ACDF 8% Zero—P X7 Bt
ACDF or Zero-P double
segments

ACDF % Zero—P =15 Bt X V) I
ACDF or Zero-P three
segments and above

ACCF #5 Bt

ACCF single segment
ACCF X5 Bt

ACCF double segments
C2~CT HEfA CT {8 "
C2-C7 CT mean value

4.328(2.121~8.833)  <0.001

8.253(3.504~19.439)  <0.001

12.313(4.875~31.098) <0.001

14.199(4.138~48.720)  <0.001

0.996(0.992~1.000)"  0.035"

T R R SCRTY Bai 3 ) | YU (=2mm) 5 C2~C7
HER CT SR AOCHEAT G125 8 X

Note: *, after adjusting gender, operation style and segment,
the correlation between the subsidence(=2mm) and the C2-C7

CT mean value was statistically significant

CT {5 5 fl & 77 Bt Cobb ffi Bt A8 1 3 £ AH 56
P, A R T {5 Rl B Cobb AR
o FEAMCNE . ARTFELE LR, FUHEHER CT {4
M, RS A SO O 5 R STHERE(R
CT {E B, AR5 B8R 5 th B e A
Xof T FUN A I 40 DR P R T A T
BRI MUE, SUMEMEIR CTEIL T HEHEE % T
fH.
3.3 SUHEARAR CT (B 76 F5UI 3500 il 5 AR
PN B L e B i R T A (i
52 M SUME T % B 5 AR S oA D DR B TR R 8K
Z ALAE T ARARAE R R, A0 AR b ok 2 0 1 il R
Fil 5 A B LB ITAE  BH A B R WA RS R
T ZUAFE p R4 5 LRS5O [ 9 T AR 7 20 56, T
B ACCF 3¢ ACDF 315 Jg AR RN 2020, 7
I R AR, FeAT kB2 Bemhsy LBy Bert &
BB 5 R A DU AR TS AAIE 53X — 15 0L, [F) A 1
AR5 3 Rl G B 2 | TR Y R AR B
*®5 % EZE Logistic BV A A (=2mm) 54
A ARKXMTEREEEESZE T ENEXME
Table 5 The correlations between subsidence (=
2mm) and gender, operation style and segment, and
lumbar T value in multivariate Logistic regression
8&((9955%0 Tﬁﬁﬂi PA

interval)

P value

M5 Gender

¢ Female 1.00

% Male 2.740(1.603~4.685)  <0.001
AT B
Operation style and segment

ACDF % Zero—P 575 B

ACDF or Zero-P single 1.00

segment

ACDF 5% Zero—P XU B
ACDF or Zero-P double

segments

ACDF 5% Zero-P = 7Bt} ) I
ACDF or Zero—P three

segments and above

ACCF H5 Bt
ACCF single segment

ACCF Wy Bt
ACCF double segments

NEEHE B %5 2 T R+

Lumbar T value*

4.166(2.043~8.496)  <0.001

7.732(3.289~18.177)  <0.001

12.417(4.928~31.286) <0.001
14.724(4.308~50.324) <0.001

0.844(0.690~1.032)"  0.098"

TE 2 g ) R 2R By s s, D0RE (=2mm) 5 A
W T AP A ST G2 1 X

Note: *, after adjusting gender, operation style and segment,
the correlation between the subsidence and the lumbar T value

was not statistically significant
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BT — TR R 5T X 235 (5 BT BRI XYY
Bt ACDF FR 35 AR AR 1 %5 B VAl Oy vk 04T
H#e, 45 R R M BHERE IR CT H 5 3% T DXA 345
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