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The effect of 3D printed individualized artificial vertebra on spinal stability reconstruction after multi—
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[Abstract] Objectives: To investigate the safety and effectiveness of 3D printed individualized artificial ver-
tebra on spinal stability reconstruction after multi-level spinal tumor resection. Methods: From May 2017 to
December 2019, 9 patients who underwent multi-level total vertebrectomy and spinal reconstruction using in-
dividualized 3D printed artificial vertebralbody were analyzed retrospectively. There were 3 males and 6 fe-

males, with a mean age of 41.7+10.5 years(range, 20-57). 9 primary tumors were included. Based on the
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tumor location and surrounding soft tissue invasion range, posterior approach(8 cases) and combined anterior
and posterior approach(l case) were adopted for total vertebral resection, with 3D printed artificial vertebral
body for reconstruction. The mean follow—up period was 18.3+11.4 months(range, 6-36 months). The operation
postoperative stability of artificial vertebral body and bone ingrowth of

time, intraoperative bleeding volume,

adjacent vertebral body, preoperative and postoperative neurological changes, preoperative and postoperative
VAS score, local control, metastasis and survival of patients were collected and analyzed. Meanwhile, accord-
ing to Brantigan & Steffee classification of spinal fusion, X-ray(l month, 3 months, 6 months, 12 months, and
every 6 month) and CT(6 months, 12 months, 24 months, and every 6 month) were used to evaluate the sta-
bility of artificial vertebral body and bone fusion during the follow—up. Results: All 9 patients were success-
fully treated with 3D printed artificial vertebral body reconstruction, among them 4 cases underwent 2 levels
vertebrectomy and 5 cases underwent 3 levels vertebrectomy. The mean operation time was 433.3 minutes
(range, 235-740 minutes), and the mean blood loss was 4816.7ml(range, 1000-14000ml). Compared to the
preoperative VAS score(4.1+1.1), the score at 7 days postoperative(1.2+0.4) was significantly reduced(P<0.001).
At 7 days postoperatively, for the 3 patients of Frankel grade D before operation, except 1 with no obvious
change, the other 2 gradually recovered to grade E, and no obvious change was found in 6 grade E patients.
During the follow—up, there was no loosening or displacement of the artificial vertebral body and no failure of
internal fixation.  Preliminary bone growth was found between the artificial vertebral body and the adjacent
vertebral body 6 months after operation. The bone growth was more obvious at 12 months postoperatively, and
the artificial vertebral body was fused with the adjacent vertebral bodies to form bone integration. There was
no tumor recurrence and metastasis in 7 patients. One patient with chondrosarcoma developed local recurrence
at 16 months after operation. A case of epithelioid angiosarcoma died at 18 months postoperatively. The me-
dian survival time was 18 months. Conclusions: 3D printed individualized artificial vertebral body can meet
the requirements of spinal stability reconstruction after resection of multi-level spinal tumors. It can effectively
In addition, its own

restore the continuity of the spine, and precisely match the adjacent vertebral bodies.

pore structure is conducive to bone growth. Therefore, it is an ideal spinal reconstruction method after multi—

level spinal tumor resection.

[Key words] Spinal tumor; 3D printing; Multilevel vertebrectomy; Artificial vertebral body
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Figure 1 a Preoperative CT and MRI showed bone destruction in T7-T8 b According to the preoperative three—dimen-

sional CT reconstruction, the tumor invasion range was known, and the surgical resection range was designed ¢ Simula-

tion of defection after tumor resection d 3D printed artificial vertebral body was reconstructed according to the defection

e Three artificial vertebral bodies with a difference of 2mm in length were designed
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Figure 2 Male, 52 years old, epithelioid angiosarcoma in T7-T8, underwent TES and 3D printed artificial vertebral re-

construction and fixation from T5-T10 via posterior approach a Preoperative MRI indicated that the T7-T8 and left ribs
were destroyed and the spinal canal was invaded b Preoperative CT showed that the tumor invaded the T7-T8 and the
left ribs with osteolytic changes ¢ The reconstruction model after tumor resection d Complete resection of T7-T8 and left
rib tumor during the operation, and the resection part was highly matched with the 3D printed artificial vertebral body e
X-ray of tumor specimens removed during operation f 1 month after the operation, the X-ray showed that the artificial
vertebral body was in good position and accurately matched the adjacent vertebral body g Three-dimensional CT at 6
months after operation showed that the artificial vertebral body was in close contact with the adjacent vertebral body,
and bone tissue was visible in the artificial vertebral body h Three—dimensional CT at 12 months after operation showed

that the artificial vertebral body and the adjacent vertebral body appeared bony connection
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Figure 3 Male, 42 years old, T2-T3 giant cell tumor of bone, underwent posterior T2-T3 vertebral resection, artificial
vertebral implantation, and C5-T5 internal fixation a Preoperative CT showed T2-T3 bone destruction and scoliosis, with
cobb angle about 22° b Preoperative MRI indicated that the tumor invaded the T2-T3 vertebral body and appendages,
and invaded the spinal canal ¢ 3D printed personalized artificial vertebral body with lateral curvature d The T2-T3 tu-
mor was completely removed during the operation and the artificial vertebral body was inserted e 1 month after opera-
tion, the X-ray showed that the artificial vertebral body was accurately reconstructed the T2-T3 vertebral body defect f
3 months after operation, three—dimensional reconstruction CT showed that the artificial vertebral body was in close con-

tact with the neighboring vertebral body



788

rf R A R B 2 R 2020 AR5 30 245 9 )

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

16 3D FTEQ A T HEMR S B0 2 /i, BR A RE (9
H HEE) LA RN E S A R E BN T ERH
e DI 5% 5 de i I B 5 R o R A A B
TE TG 708 AR rhn] DU 87 iU A B2, X T 5
VB 2 BUE MR G ME R R R R
SEPERE PR EA — R 7 s H R 45 S
T, T H S AR UM AR A — A sk, B 5 K
Az R FT AR DTS B50BK 9 R T, 2B BB B | K
TULEE B RS AT, B 2 B P [ 22 G -, iR T
KA B M MER B2, by BRI 79 i T 7K 32 14 1
BT Bt — A3 O, DRI B P R
S T, Yoshioka ZFMENEAF 58 T 22 4 3 48k
3 DL Y BeMEAR 2 U)K J5 Bk M B R, R
AT 50% 01 835 ARG FR BT BRI R U A
WS AT AT T 2L A S HE M Al & 25 10
HEE AR, RIALBE (68.0£5.3)%, fLiE
71042 m 19 FLBR 25 44 7] DL SE B R4 B3 KA,
RN THER B FLBR BT T iS00, it
HMERFEATEEY) I 2E 5, i AL R S AR 2 A A
HEEEWRIMULRIT, D4R N THEAR
D12 R IFE A A IR OT AT, IE SR R Ak i T
(9 N THERA R T RO 2K A RS e Pk, TRl

AR PN IR A Bl B8 S A TR Rl e A AT
B R A P X RS ] A AR A BT S A B
VI, R &AL 3D ATED N THEMRRIAR T U0
FoAL | R A Y TR AR ST A AE , BTN TAHER H
AUCRRPLARIERE, 60 HERUE thE P REE A
P Sy s B EOR . A BRI T Z LA AR
T IR A AT R A 2 LA
(9 3D FTEDNTAEMR, B A St i), 4l FF A
THEABRNARE . ARJS 6 A H I n] Bk BLAR
AT HE PR 1 N T ME A A B R, 12 A H Ik B 1
TR, N TMEAA S QMR S A PR Rl R S
BT AR T AR E S . IR TAHER A
HA RAFp AR A e, inEL T LR RAF i
HERAE S WA RERTAE O 2 ARE 1

Xif T SERRER R 3D FT BN A AR 4 I 4
SO, AWESE R 1R T R S Bk B
FAEARAE RO, Cobb #A 220, U SR AL DI B3k i 1)
[ R R AT 5 AL U ™ BT | b SR 2 88 T AR I [R]
s TAME R 3T A B T AR AR i A
SRR SE PR A R AT T X B ol , s il 5
AR R A B R TS S, (HE W T T HEIR S T4
FEARTE S AR T 1A RS AL, T SRAAS o A — A A

®1 BEEZBERITE

Table 1 Baseline statistics of patients

BB G REER DRTE FoAAgg DA TOREEL AR BEWINEL p ey
P 51 , ot (ml) (min) I KAE (J1) : (L3R
Num Gend (%)  Pathology Resection  Surgical Bleed S Comnli Foll Adjuvant Resul
ber ender Age types segment approach coding ursery omplica- otow=up therapy esult
volume time tion period
n N Ha B (s 4T
1 ; 31 MC ; * Anterior and 10300 645 Hydrotho- 36 Radiotherapy and
Female 1 .
posterior rax chemotherapy
5 R R I B o THZ K
2 Male 35 OSIEOI’)]E[S[O:;& T5.76.T7 Posterior 14000 480 VT 32 None Elapse—free
Je B x T
3 Male 32 EH T7.18 Posterior 3500 300 None 18 Chemotherapy @
ES )& % & T K
4 Female 25 GCTB T4.T5 Posterior 1000 320 None 12 None Elapse—free
“ J5 B % Hor 5%
5 Female 64 GCTB T6.T7.T8 Posterior 4000 235 None 12 Chemotherapy  Elapse—free
X« T11.T12, Jei e g e TH K%
6 Female 25 GCTB L1 Posterior 7000 740 None 19 Chemotherapy  Elapse—free
ES J & ¥k TR K
7 Female 30 USRCS T10.T11 Posterior 2450 330 None 9 Chemotherapy  Elapse—free
S J5 P P TR K
8 Female 2 GCTB T6.T7.T8 Posterior 3000 320 None 8 None Elapse-free
U o ) B T W Tk
9 Male 42 GCTB T2.13 Posterior 3400 470 None 6 Chemotherapy  Elapse—free

L MC, 18] PR AR EH, R RE I Y % 4095 GCTB, 5 B 40098 ; USRCS, R 204k /I8 R 40 it A 9 5 IOV, 350N Bk il e s OAR )R
16 M E %R QARG 18 4~ HE RIET:

Note: MC, mesenchymal chondrosarcoma; EH, epithelioid hemangioendothelioma; GCTB, giant cell tumor of bone; USRCS, undifferentiated

small round cell sarcoma; IJVT, internal jugular vein thrombosis; (DRecurrence at 16 months; @Recurrence and death at 18 months
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