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Application of multi—pore 3D printed artificial vertebral body in spinal tuberculosis vertebral recon-
struction/LIU Yancheng, LI Shuang, ZHANG Jingyu, et al/Chinese Journal of Spine and Spinal Cord,
2022, 32(11): 1027-1033

[Abstract] Objectives: To study the clinical outcomes of 3D printed artificial vertebrae in vertebral recon-
struction of spinal tuberculosis. Methods: From May 2018 to June 2021, 36 patients with spinal tuberculosis
were treated surgically in our department. Among them, 10 cases were treated with debridement surgery and
3D printed artificial vertebral reconstruction, including 3 cases of custom-made prosthesis and 7 cases of
non—custom prosthesis. There were 4 males and 6 females, aged 26-73 years, with a median age of 59 years.
Tuberculosis affected cervical spine in 1 case, thoracic spine in 4 cases, thoracolumbar spine in 2 cases,
lumbar spine in 1 case, and lumbosacral spine in 2 cases. Three adjacent vertebrae were involved in 2 cas-
es, two adjacent vertebral bodies were involved in 8 cases. All patients received anti—tuberculosis chemothera-
py for 2 weeks before operation. The extent of excision was planned according to the size of lesions. The
contact surface and fixation mode of prosthesis with bone were customized for individuals. Postoperative oral
anti—tuberculosis drugs were given for 12-18 months. ESR, blood routine test, liver and kidney function and
VAS were followed monthly. Postoperative imaging, VAS pain scales, Frankel neurological function, fusion of
prosthesis, daily activity function were regularly followed. Results: All patients were followed up for 12-45
months(mean 20.1+9.1 months). The kyphosis angle of operative segment improved to —8°-32° at final follow—

up from —24°-24° before operation, which improved 0-32°. The preoperative VAS pain score was 6.4+2.6,
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and that at the final follow—up was 2.0+1.8. Frankel classification of spinal cord function at final follow—up: 8
cases improved at least 1 grade; 2 cases remained stable; Except 1 case of drug resistant tuberculosis, posi-
tions of all the other prosthesis were stable without loosening, subsidence or displacement. Bridwell interbody
fusion grading system: grade [, 2 cases; grade Il, 5 cases; and grade I, 3 cases. Interface fusion
evaluated by CT: complete fusion in 1 case, preliminary fusion in 4 cases, delayed fusion in 4 cases, 1 case
of nonfusion. Conclusions: The 3D printed artificial vertebrae have the features of individualized, good
immediate stability and fewer fusion segments in spinal tuberculosis. lIts short—term clinical effect is definite,
while the prosthesis fusion condition needs long—term follow—up.

[Key words] Spinal tuberculosis; 3D printed; Interbody fusion; Musculoskeletal tuberculosis; Spinal infectious
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Table 1 Clinical data

Frankel 43-4%

Kt 7 (F)

TRETE 7 i

) A a5 : y e
el _ e 5B CRRIBE ) Follow-up Bridwell43 4 o CTivfs 52 (%)
Gender Age Segment : Birdwell grade Evaluation by CT Rate of
Frankel grade(P/F) (m) .
improvement
1 J Male 31 C5-7 C/E 45 I SE4fill A Completely fused 58
2 % Female 73 T6/7 A/A 21 1 SR A Delayed fusion 0
3 % Female 69 T6/7 B/C 20 I JER A Delayed fusion 13
4 5 Male 54 T12/L1 D/D 20 v AfilE Nonfusion 0
5 4 Female 59 T7/8 C/E 18 I WA A Primary fusion 30
6 & Female 63 T12/L1 D/E 15 I WA Primary fusion 12
7 % Female 67 1.2/3 D/E 14 I ¥4 Primary fusion 12
8 3 Male 26 T8/9 C/E 12 IIr SER A Delayed fusion 34
9 % Male 39 L4-S1 D/E 12 I FER G Delayed fusion 37
10 % Female 59 L5/S1 D/E 24 I WL RS Primary fusion 20
Note: P, pre—operative; F, follow—up
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Figure 1 A female, 59 years old, L5/S1 tuberculosis a, b Anteroposterior and lateral lumbar radiographs showed bone

destruction at L5/S1 disc ¢ Sagittal CT scan showed most of L5 vertebra and L5/S1 intervertebral space were involved
and sequestrum formation, and abscess formation in front of the vertebral body d Lumbar MRI showed large vertebral
canal abscess e, f Simulation of surgery showed the 3D printed vertebra was fixed by an anterior lumbar pedicle screw
instrumentation g, h  Radiographs at 1 week postoperatively showed the prosthesis was fixed in a good position i, j 24
months postoperatively,  CT reconstruction showed solid bone fusion on the interface of bone and prosthesis without

loosening
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Figure 2 A male, 31 years, C5/6 vertebral tuberculosis a, b Cervical anteroposterior and lateral radiographs showed

C5/6 subluxation and local kyphosis ¢ CT scan showed increase of C5/6 vertebral density with C5/6 subluxation, and
loss of intervertebral space d Cervical MRI showed large abscess formation in front of C5/6 vertebrae and spinal canal
12 months and 36

months showed the cervical alignment was rebuilt gradually without displacement and collapse of artificial vertebrae h CT

significantly compressing the spinal cord e-g Postoperative radiographic follow—up on 1 month,

coronal reconstruction at 36 months postoperatively showed solid fusion on the interface of bone and prosthesis without

subsidence, Bridewell grade 1



1032 r B R 2 AR 2022 AR5 32 5 11 1)

Chinese Journal of Spine and Spinal Cord, 2022, Vol. 32, No.11

i 70 ) A 2 S T T AT N R ) AR S T
R e i B A S5 T I 2 5 — M2 & &R, LT 1
B —E RO B REE AT
B2 30% 1 40 M3 =5 1 709 0 TR, ik e
200 L/ B A% A0 B Ll A9t T AR S O T A 3R
FPIEMN 8572 —181, PPD H) 45 4% B 2 52 50 — ik
TEERIRTHA 2 60%~80% 15 FE 45 4% BH 1
T-SPOT.TB /& v T# R B 50 i —Fh | H 45
RNEZBEAETESS BCG JE 52, & — B 4f (1l B
Wik,

T 3ok S 6 2 G A N LR ) S AR A R AE T A 2
WIE FES R, W2 B 55 2l 2L B 20 T
I HEE AT PCR K, S 41 1938 3 i
FAR B AT 2 UG T A Sl g s,
WL T 25 45 8 &0t T Xpert MTB 52 56 7 i2 5F
KIS 2
32 FARBIEMFAEMN

SCHR P OG T R A #% 0 T AR IR AE v TS — bR
i, 2 25T R AR IR YT 1 IR R AL R
— WSS AT 2 UL L, AR R R
TEE ROR™ R T R TR, AR AT
DA W7 5P 0 53 R F R DN, A2
B EBUERIL I /NT 2 sl i 20 i R s 1L
H AT FARIGIFI, KT 60° 1 N 45 4% Je ™ AL
H [ “spine at risk”fE 5B AR IE T ARIEAE, #E
55 e R AR R THER G by, AME R T AR 4
X HEIE AR 285 151 2 412 1 TF ARG AF LA 4% 9 51
FEG 35 T, AR i 359 A () R o 22 461407,
PRBE B I o 3 I 9 PR R FRAT] A 45 Ykt
BT AR B AR (1) 75 BRAER B] £ 5015 ST B A
RFEY I 5 (2) 335 o S A0 45 4 ) L k- A
W R 38 5 (3) 955 R A i 7 A 5 Jie ok 5 (4) 2
FEWFIE o T $5e 298 AR 25 0% LR @ i I K E bl
F8 . (D) IRIT ARG, (2) TR K e J it 25 25 4%
(3) TR FR TP 2o 4 0 8 3 R S o R R
(HIPiE %

3.3 AN THEARH TS al 171

2003 4F—IR 5T W, 454 oy SORF IR AR R A
S FUNEE N 1 R BB Sk e A Rk T > 1) 42
TNER G A N BN 23 BN 25 R A et I
IR LA N B AL B A M ME S AR AT BB A
FH 5 25 % 0 1 Bk 5 i 2 o R i B 7 R
KA SCHR AR ENT ) FRATEE 1) 3D A TAEfAR Ry 8k

B Ay, R N BT BT kA
FEAFE R 4 I S M R A R FH AR R T
FEB AR S5 P AU S R AREP, Chen SRS
T8 300 151 S00AFE I 2 K 08 A 4], BT 12
WE YR EERIL R T 79.7% ., 3D $TEN N T HE{K
R VI 155 175 150 A0 A S50 98 285 35 31 {1 A R 24 i 3% fi
T, F5e R TR B A T, T ek A (B (R 35 B
B 1 TR 1] AR A A ) % i IO s R
] J5 A A =5 MRAET, JO T T I 11 2, [ R Rl )
A AT B (IR LR ) | 3 A TS U
e 2 B S TR
34 FARABEHE B

R S5 A AL T BR AR AR R AR R 32 B B A
RIEBEL SIS A AR, TR R
E VA FIAE [B) B A7 =, DRI A 6 2 R 1) R 2 i
BT LAV BRI, BRSO R AR o R B
HEE, UL A S0UME RN 20000 B 454209 Je A I —
FHF M REMESS R, 220 SOk L 55 i i AU i 1 -
ARARS . Hu 2520 149 11 g B HE 25 8 F R 43 o0 =
A, SRR B+ 5 B E 2 L SRR AL R 4
48 Sz BRI T I B S I T R M I
1, I RAE AR, B B A5 A% D e A A B R
g Ja B FARE A T I A HL /N HE AR T
LT R ek 552 Je PR 1 B M A 245 A 352 Zhou 8524t
TE B2 ] RS RS AR 2 I R YT
Ao
3.5 AN THEGRARLA )

3D FTER A TAE R Y H i 22 R0 20
T Mk B A R B Bl o A2 A A A i A
328 3 I PR 56 UE 34 B A T AR G 1) B Z R 1,
R {91 G 5 A% T R T B MR A AT B8 T
% A 5 BRIRET [ B AT RS E M R AT A T
PERRE TR, Wb T RSB, AL 1 ]
24 4~ F BT B RS M R AT A i b,
UG ) 2 [ S0AE 2 IR S, th TR T
C5/6 [ &L A1 CO MEMR I Zedf , N T HEMRES & 7E C6
LR A L, BEDT 3 ARRE N THEIAR T
b R RS R R R 3D BN
s a), MR LT A BET, 55K 4% ok g AR
RO T N EYIRIR T, BB Y 2 il ) R
ARH 2, RS M 3D MRS 18 5 5 4% ik
R, BRI E MR, ASa kAR SRR i il a)
Ry AR R I R B 4 o T 0 SR /0 A A 1) 1%



o[ A A 2L 7S 2022 4R 32 5 11 W)

Chinese Journal of Spine and Spinal Cord, 2022, Vol.32, No.11

1033

Th HE 23 A BRI B 4 R 53 T 5 e i)
IR AR BIREYT Y 1 AELL L Bridwell 432%
WA 3 490, IV EEAT 1 1] ik — 25 SR O 37 i 7 2
# CT F PSR AR A B A, ZIAER @
BRARBAEIRET 50% , Horb A w7 E— 25 wF

B

ZIN o

4 SExH

1.

Khanna K, Sabharwal S. Spinal tuberculosis: a comprehensive
review for the modern spine surgeon[J]. Spine J, 2019, 19

(11): 1858-1870.

. Ali A, Musbahi O, White V, et al. Spinal Tuberculosis: A

Literature Review[]]. JBJS Rev, 2019, 7(1): €9.

. Zhang YW, Deng L, Zhang XX, et al. Three-dimensional

printing—assisted cervical anterior bilateral pedicle screw fixa-
tion of artificial vertebral body for cervical tuberculosis [J].

World Neurosurg, 2019, 127: 25-30.

. Wang B, Hua W, Ke W, et al. The efficacy of allograft bone

using titanium mesh in the posterior—only surgical treatment
BMC

of thoracic and thoracolumbar spinal tuberculosis [J].

Surg, 2020, 20(1): 133.

. Gao Y, Ou Y, Deng Q, et al. Comparison between titanium

mesh and autogenous iliac bone graft to restore vertebral
height through posterior approach for the treatment of thoracic
and lumbar spinal tuberculosis[J]. PLoS One, 2017, 12(4):

el75567.

. Li L, Xu J, Ma Y, et al. Surgical strategy and management

outcomes for adjacent multisegmental spinal tuberculosis:  a
retrospective study of forty —eight patients[]J]. Spine (Phila Pa
1976), 2014, 39(1): E40-EA48.

Yu Y, Kong Y, Ye J,
histopathology and GeneXpert MTB/RIF in the diagnosis of

et al. Performance of conventional

spinal tuberculosis from bone

clinical study[J]. Clin Biochem, 2020, 85: 33-37.

specimens: a prospective

. Ali A, Musbahi O, White V, et al. Spinal tuberculosis: a

literature review[J]. JBJS Rev, 2019, 7(1): €9.
Williams AL, Gornet MF, Burkus JK. CT evaluation of
AJNR Am ]

lumbar interbody fusion:

Neuroradiol, 2005, 26(8): 2057-2066.

current concepts [J].

10. Oshina M, Oshima Y, Tanaka S, et al. Radiological fusion

criteria of postoperative anterior cervical discectomy and fu-
Global Spine J, 2018, 8(7):

sion: a systematic review|]].

739-750.

11.

13.

15.

16.

17.

19.

20.

21.

Bridwell KH, Lenke LG, Mcenery KW, et al. Anterior fresh
frozen structural allografts in the thoracic and lumbar spine:
do they work if combined with posterior fusion and instru-
mentation in adult patients with kyphosis or anterior column

defects[J]. Spine(Phila Pa 1976), 1995, 20(12): 1410-1418.

. Khanna K, Sabharwal S. Spinal tuberculosis: a comprehen-

sive review for the modern spine surgeon[J]. Spine J, 2019,
19(11): 1858-1870.

Agarwal A, Bhat MS, Kumar A, et al. Lymphocyte/monocyte
ratio in osteoarticular tuberculosis in children: a haematolog-

ical biomarker revisited[J]. Trop Doct, 2016, 46(2): 73-77.

. Nene A, Bhojraj S. Results of nonsurgical treatment of tho-

racic spinal tuberculosis in adults[J]. Spine J, 2005, 5(1):
79-84.
JEZhAs, WRgE, &K, . G50 BORF BB RERG B fE
T3 PR AR SR BT FEJ]. R AR A A A, 2003, 13(11):
670-673.
Li L, Xu J, Ma Y, et al. Surgical strategy and management
outcomes for adjacent multisegmental spinal tuberculosis: a
retrospective study of forty—eight patients[J]. Spine(Phila Pa
1976), 2014, 39(1): E40-E48.
Cui X, Li LT, Ma YZ. Anterior and posterior instrumentation
with different debridement and grafting procedures for multi—
level contiguous thoracic spinal tuberculosis[]J]. Orthop Surg,
2016, 8(4): 454-461.
Chen Y, Chen D, Guo Y, et al. Subsidence of titanium
mesh cage: a study based on 300 cases[J]. J Spinal Disord
Tech, 2008, 21(7): 489-492.
Li Z, Li K, Tang B, et al. Analysis of the curative effect of
the anterior approach to the lower cervical spine for cervi-
cothoracic spinal tuberculosis[]J]. J Craniofac Surg, 2020, 31
(2): 480-483.
Hu D, Fei J, Chen G, et al. Mini—open anterior approach
focal cleaning combined with posterior internal fixation for
thoracolumbar tuberculosis: follow—up of 149 cases|]J]. Asian
J Surg, 2020, 43(1): 78-86.
Zhou Y, Li W, Liu J, et al. Comparison of single posterior
debridement, bone grafting and instrumentation with single—
stage anterior debridement, bone grafting and posterior in-
strumentation in the treatment of thoracic and thoracolumbar
spinal tuberculosis[J]. BMC Surg, 2018, 18(1): 71.

(Wi B .2022-07-15  REAE R H 11 .2022-09-24)

(EXHBEF T o)
T T WS





