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Study on the safety and effectiveness of 3D printed artificial vertebral body reconstruction after en
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[Abstract] Objectives: To evaluate the safety and stability of 3D printed artificial vertebrae in reconstruction
of thoracolumbar tumor after total en bloc resection on the early and middle follow—up results. Methods:
Between May 2016 and January 2019, 42 cases (19 males and 23 females) aged from 10 to 71 years old
(39.7£16.2) were analyzed retrospectively. 37 cases were with primary bone tumors and 5 cases with metastat-
ic tumors. There were 10 cases of recurrent tumor. All the tumors involved thoracolumbar spine, including 22
cases of single segment, 6 cases of 2 segments, 11 cases of 3 segments, 2 cases of 4 segments and 1 case
of 5 segments. The en bloc resection was performed in all cases. All of them used 3D printed artificial ver-
tebral body as the anterior support structure. According to X-ray and CT images of patients who were fol-
lowed up for more than 6 months, the fusion of prosthesis and adjacent vertebral body was evaluated. Re-
sults: There were 39 cases of total spondylectomy and 3 cases of sagittal resection. In this group, 19 cases
were treated with standard 3D printed prosthesis. Among them, 15 cases were in 1 segment, 3 in 2 segments
and 1 in 3 segments. The prostheses were placed from the posterior approach in 15 cases, and the anterior
approach in 4 cases. 23 cases were treated with customized prosthesis. Among them, 7 cases were single

segment, 3 cases were 2 segments, 10 cases were 3 segments, 2 cases were 4 segments, and 1 case was 5
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segments. In 19 cases, the pedicle screw was used to screw into the internal screw hole of the prosthesis to

connect with the posterior screw—rod system to achieve self-stabilization; in 4 cases, the screws were placed

from the anterior approach and fixed to the adjacent vertebral body through the internal screw hole.

Except

one died of cardiovascular disease 4 months after operation without follow—up and 1 case lost follow—up, the

rest 40 patients were followed up between 3 and 47 months, with a median follow—up period of 22 months.

36 patients were followed up for more than 6 months. There were 9 cases of fusion, 19 cases of probable fu-

sion and 8 cases of probable non—fusion. There was no screw breakage or pull-out, no rod breakage, no

prosthesis breakage or displacement. The overall fusion rate was 77.8%(28/36).

subsided more than 2 mm,

prosthesis is conducive to prevent collapse because of its large end plate area.

but the pains were mild without internal fixation.

In 2 cases, the prostheses
3D printed

Microporous  structure can

Conclusions:

promote bone growth and increase bone fusion. Customized design can make it connect with internal fixation

system or directly fix in adjacent vertebral body to obtain better immediate stability. Therefore, 3D printed

prosthesis can reduce the failure rate of internal fixation after thoracolumbar en bloc resection.

[Key words] Spinal tumor; Thoracolumbar; 3D printing prosthesis; En bloc resection; Spondylectomy
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Table 1 Type of tumor of 42 patients
iy 24 1

Type of tumor

n

Ji R iR Gt 37
Primary bone tumor Total 37
R 2R P i a1t 20
Aggressive benign tumor Total 20
B E 419 Giant cell tumor of bone 16
H AN LR Osteoblastoma 2
R B9 Chondroblastoma 2
S D R P g a4k 17
Malignant primary tumor Total 17
#2298 Chordoma 5
B W Chondrosarcoma 4
“F-1i LY 98 Leiomyosarcoma 4
B A8 Osteosarcoma 1
KLU LA Rhabdomyosarcoma 1
1% P9 Angiosarcoma 1
HHEAMBE ALY 1
Secondary malignant giant cell tumor of bone
R L it 5
Metastatic tumor Total 5
5 J& Renal cancer 2
JifiJ# Lung cancer 1
JiF 48 Liver cancer 1
FLAR I Breast cancer 1

HRTI T 5 A A PR R B 60 Rl 12 5% 1) 9 35
Gy YOI AR AT SR TE I L A YT o H
LR ILPVE X P S AR 2 BTk, A 3T
56N GIE RSB, T HLFR Ay 2890 1) B
VIR o T2, A X s D7) 63 31 161 A 3 3k w3y LA
T =R (D) BRI (2) B IER ; (3)
ZORE R LTIk, LS T i 2 RN 7R D) R o i
I A, R ik 453 385 P 2298
1.3 3D FTEN Ak d )y =X

A 20 95 191 ¥ 41 ) % B2 ) A2 7 9 3D ATER A
THEPRAE ARG B 450 3D T BB A I i
HL T4 Rl B AR TC4 KA 4k R i T L B %
50%~80% , L4 600£200m , 2248 550+200mm )
FEPRAA A5 B oA Bt R 2 1) V9 o RS

FRUAEAL AR A S B 25~120mm , & 2.5mm 1
HEH 15%x21/18x24/24x30/30x36mm VU Fl KL%
BN IIE , FIER 00 4°F01 8° = Fh kS . HRHE AR
rh O R R G 3 e R R A R A 4 Ml T R
W, ZH TR BAMEYIBR AR G H I —M o
Tl AAERAA , AR A AT HZ CT H3 . %
DICOM %45 5 A MIMICS 15.0 %14 (Materialise

Leuven, L AIBH) #E47 3561, B TR0 B i1t
(CAD )RS fifi Y ol 7 R 95 4T B H B B ot . 2
A A B AR T S 420 AR 20 A A 5 R 408 A M A 3 45
LR 374, AR BT AR I 55 R 408 fe A
LI —B, 20T 277 B e sl R b bk
ARG E A, AR A A BT AR B f
SEJT R AT (1) DN 0 38 2ok A 5 AR MR ET
TFABENEE LSRRG EEESA
a5 (2) DU I i, 3 2ok PN T FLOFH SR AT [ 2 T
FHEPHEMR

BRAT T 3D 4T ENBAA R L HE R G4, BT R
H AT IRME S RS 5 ARIRET [ 2, — B e
HEVIRE , 3k o 4% [l 2 B2 B L B
SMEDIBR , Sk B v 45 [ 3 N1 B
1.4 RJ54bHE

B TR 5 /N T 50~100ml/d )5 &
B, M e b =5 D3 A8 e 5 1 /N T S0ml/d J5 77 LA
Je P12 A e dn ik R T R R ORI R 0
Wbr, BEVUFERES 2~3 KT HiG 3l , 4t
3G s ] RE S B, KA ais s L AR H =
KRG 34H,
1.5 HBRETM

BETREE-FFINH, EFH61
A MG R, SRR AL & I I ME X 4R
F\CT MR, Hoo St il 83 38 i i3 CT 46
P Ml AR RO MR A E R R R R
PBEVT B 6 1~ H BE B X £ A .CT W4k 3D 4T
ERB AR S AR AR MR A1 o0 . 1, B il A, X
A A EBANRE S ATRERL G, B
SEAE RS AT M AE G JeiE s I, T AN il
G, B SR T ST A I BaE s IV,
SEANRR G A WS SR (PRI 2)8, AN
TR 2E | el T R . ME D HLBRET B 2 sl 4k
TR 2L MR ETRA Bl BT | R T L DA K
FUEN A AT =P GO
1.6 4iitrik

AWEFE R SPSS 22.0(IBM A &), 36 [ ) #F
TG00 . XFF it %Rk, i Kolmogorov—
Smirnov ¥ 55 BTG 1IES 0 X TR & 1L
A B T it B8RSR O 24 B0 b o 2 R AT A A 5 X
FRRE G IS 50 A5 [ T 2 B8RSR 1 3 $50R e K
(B e /MEPEATRE R . XTI A0 kL, SR A E K
HEATHEA



o [ A A A2 7S 2020 4EES 30 455 9 1)

Chinese Journal of Spine and Spinal Cord, 2020, Vol.30, No.9 777

R 2 3D TEMRIESEBIEER SR AEIERNER R

Table 2 Criteria for determination of fusion status

o e A BT )
Grade Classification Fusion criteria
: o A e AT RUN R i 0(2500)
Definite fusion Fused with remodeling and trabeculae ¢
I R A P o S BRI &, KBS 19(53%)
Probable fusion Graft intact, not fully remodeled and incorporatedthrough; no lucencies ¢
" TR A VB 4 , RS AT 3 55 §(22%)
Probable nonunion Graft intact, but definite lucency at top or bottom
v 5 Al R WA B0 0

Definite nonunion

Resorption of bone graft and collapse
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Figure 1 A 50 -year —old female patient with giant cell tumor of T11 vertebral body underwent TI1 en bloc
spondylectoy resection via posterior—anterior approach. The customized 3D printing prosthesis was placed from the front
and fixed to the adjacent vertebral body with screws. After 36 months of follow—up, there was no recurrence of the
tumor a TI1 vertebral destructive lesion and a huge paravertebral mass were found b Paravertebral mass invaded the
thoracic cavity ¢, d After 3 months of Denosumab treatment, the tumor was obviously sclerosis e CT scan of the
specimen of T11 which showed the vertebral body and paravertebral tumor was excised in one piece f Postoperative CT
scan showed that the 3D prosthesis was well attached to the upper and lower end plates g 36 months after surgery, X-
ray showed that the 3D prosthesis was in good position and the internal fixation was stable h At 36 months after

surgery, CT showed that the gap between the 3D prosthesis and the adjacent vertebral body disappeared and trabecula

grew in
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Figure 2 A 17-year—old female patient with T11-T12 leiomyosarcoma underwent sagittal resection of T11-T12 vertebral

body via anterior—posterior approach. The customized 3D printing prosthesis was placed from the posterior appoach and
fixed to the posterior screw—rod system with pedicle screws. After 25 months follow—up, there was no recurrence of the
tumor a Preoperative MRI showed that the tumor involved the TI11-T12 vertebral body and formed a huge soft tissue
mass in the left paravertebral muscle b Preoperative MRI showed that the tumor involved the T11-T12 intervertebral
d CT scan of the
specimen of the T11-T12 vertebral body and paravertebral tumor e Postoperative X-ray film showed good position of 3D

foramen and formed a soft tissue mass in the intervertebral foramen and paravertebral muscle ¢,

prosthesis f Postoperative CT scan showed good attachment of 3D prosthesis to upper and lower end—plates g X-ray film
of 25-month follow —up showed good position of 3D prosthesis h CT scan of 25-month follow—up showed that the
internal fixation was intact and the gap between 3D prosthesis and adjacent vertebral body disappeared, with trabecula

growing in
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Figure 3 A 6l-year old female patient with poorly differentiated adenocarcinoma of the right lung was found to have
destructive T12 lesions in physical examination 2 years afterher lunglobectomy. PET/CT showed T12 solitary lesions. The
diagnosis was T12 vertebral solitary metastasis of lung cancer. Totalen bloc spondylectomy and reconstruction with
standard 3D prosthesis was undertaken via single posterior approach. Postoperative radiotherapy and targeted drug therapy
were undertaken standardly. There was no recurrence or new metastasisfor 36 months follow—up a CT coronal, sagittal
and transverse sections showed bone destruction of T12 vertebral body b MRI T1 and T2 fat compression images showed
tumor involvement of T12 vertebral body in sagittal and T2 weighted cross sections ¢ Axial and lateral views of T12
total vertebral body in two parts which were cut with wire saw d Axial and lateral X -ray films of the specim e
Neventral, dorsal and the upper surface of the standardized single segment 3D prosthesis f Postoperative X-ray films
showed 3D prosthesis and internal fixation in good position g Three years after surgery, CT showed that the 3D
prosthesis was well attached to the upper and lower end plates, and there was no prothesis subsidence, screw loosening

or internal fixation fracture
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