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Abstract

BACKGROUND: Previous studies have shown that commonly used prostheses for spinal repair are prone to have stress shielding effects
(nonunion and local bone resorption) due to their limited high elastic modulus and limited contact areas, which can lead to the failure of
internal fixation over time.

OBJECTIVE: To design a novel two-segment adjustable artificial vertebral body through the measurement of CT scan data of the vertebral
body using Mimics software.

METHODS: Sixty young and middle-aged male patients with lumbar CT scan data were included. Mimics software was used to extract the
skeleton contour of L, vertebrae and to measure the vertebral body height and the transverse diameter of the upper and lower end plates,
sagittal diameter, sagittal and coronal concave angles. Based on the measured data, a new type of artificial vertebral body adjustably and
anatomically fitting the vertebral endplate was designed.

RESULTS AND CONCLUSION: There was no significant difference in the L3 height and sagittal diameter of the upper and lower endplates,
and sagittal concave angle among all the cases. The transverse diameter of the upper endplate was significantly less than that of the lower
endplate in the same vertebra (P < 0.05). A significant difference in the sagittal concave angle was also found (P < 0.05). Based on the
measured vertebral height, sagittal diameter of the endplate and sagittal concave angle, a novel artificial vertebral body with adjustable height
was designed. The new product made of nano-hydroxyapatite/polyamide 66 was composed of a top cover and a base. The height of the
designed vertebral body could be controlled by bone cement injection via the side hole on the base. And it could be tightly integrated with the
upper and lower endplates of the adjacent vertebral body, which is beneficial to promote the osseointegration. In conclusion, the two-segment

adjustable artificial vertebral body has the advantages of reasonable design and convenient operation.
Subject headings: Tissue Engineering; Biocompatible Materials; Lumbar Vertebrae
Funding: the National Natural Science Foundation of China, No. 51573207; Ningbo Natural Science Foundation, No. 2016A610006
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Figure 2 Design chart of the two-segmental adjustable artificial vertebral body

F1 Lo EASERERFRE. BEILR
Table 1 Comparison of the height, sagittal diameter and
transverse diameter of the endplate of L, 3 vertebral bodies

(x+s, mm)

JEAfE HEA 5 ES TR ING 2t
L I 23.03+2.19 24.5%2.8 35.6+4.0
L K 24.5%3.1 37.8+3.8
L, I 22.89+2.23 24.8+2.7 36.6+3.7
L F 25.0£2.9 39.1+4.0
Ly I 22.81+2.17 25.0£3.0 37.1#3.6
Ls F 25.6+2.9 40.3:3.8

Fik: MEfR bR ABURAR 2 W (P < 0.05).

FLIR AR EZARIMEE AR T P& Ly B Ly B BCRAR
IR K, BRI B L. Semrass i
I FH MRS 150 151 JEEAE IR A2 6 785 28 B 25 27 D 23 W R B
LML EHEIR AR R L R AT R . HEAR AR Bt A 4
U RN MR AR AR P AR N TR AT AR, SR TR £
AN o A —HER R A S 2B IR AN T R 44k, B
JRMEIR AR 55 A OARAR T W AT G . A BIETERB s e A
20 iy FEEHE AR 35 S D A B AR R . AR AT, B L 2
SCPIZI IV SR LI

UG O T s 2 1 4R Ak B R 1 Mimies X 60 471

4136

F 2 Lo HERRAKTE MBE f (SCA) K IR T M £ (CCA) bR

(xS, °)
Table 2 Comparison of sagittal and coronal concave angles of L; 3
vertebral bodies

JREAfE SR THTTMT B £ JELAR T AT BEs £
L = 163.5+3.8 176.0+3.3
LK 162.4%3.9 174.243.6
L, It 163.424.1 175.4%4.1
L F 162.74.0 173.4+3.8
Ls I 163.7+4.2 174.8+3.9
Ly T 162.3+4.1 171.9+3.5

Fedi: GEIRTEIT B Ff 22 AR ROR, H 2R MBE M 20T F 4 4R (P < 0.05).

TRk R MM AR S L AR T T R IR, )
ARG ERIE A 3. WK R IL,, LaMEAT I 5
FE42 590 4 (23.03+2.19) mm %(22.81+2.17)mm, PIEEH
Gl Lyslil— MR B F&MRICIRE 2 R, B
B EZHUNT T AR H L B L a2 . R
FEBE VAR I L2 SR AR AN K IR 4R bk 22 WA A K
ARAR BAMEACT R v B S8, A vt S (R Al R 43
M7, S3dmAwWwad S HRE ,  HEPR AT 2R 5 A R 2
L1188 A B A N B S o Py B A B B, IR AN B AL
f1(2.36+0.26) cm % L5ff(2.45+0.29) cm i ta, 454

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



Chen GH, Cheng L, Wang J, Huang Q, Bai GJ, Yin MC, Wei HF, Yang C, Xiao JR, Liu TL. Design of a novel two-segment adjustable nano-hydroxyapatite/polyamide 66
artificial prosthesis based on Mimics measurements of CT scan data. Zhongguo Zuzhi Gongcheng Yanijiu. 2018;22(26):4133-4138. DOI:10.3969/j.issn.2095-4344.0942

A F A5 R 56 Kbt R R S B N F 2% 18, 3K 36 R A A
Ui R TR B K AR 22 mmF BT, AN AL R A T K THI AR
Ao P4 5 B S T IR P AR I A T AR A RN PR e i A
H T Ly o HE AR SR SR T V1 B 71 T340 163°, H I NE£84R
THT [R) 2 S 2 /0N, e DR TR P10 B A b 2 5 I R o DR A
AV N AR R B A i i SR P TSI S 163° M
T, DUISEEUE A 5 b T S A i H

T AERIEFFEARFEARAWHE D K E, RERILT
A7 2R o DA AT B SR IS A N B AR Sk )
FARE B2 (B TR SR e, 6. s
TR AT, KBS SR IR N ) RT3 2 I PR
AT I MERS . (EF AR IR DI BR . EHT e E T
ARt FErf, A TAEEK RN TAHERREA D 2, H ot
ER R UIEASUN R R Y e e N LT N TR o N
T I R ) A 293,

TR N TAHEAR I B IR L 1 e T B AR N TR S (1)
W) B, AH TS BIEAMRITRR, AR SR T U0, R i
WRAT 5 il FBUINAT e 7o DRI, O 7 9 N A AR N S R
HORHE BE AT AR I AR, R DAn-HA/PABE & 5 M4 Kl
hdEah, SR BRI 7 B BT RN TR . AR
SCHRARIE A I A A o B S s, R0 YT B AR AR P TT
RS R R R 28 mm s (8 AR A RN RN 5 AT R 3 7 2
FEAR A 3 3000 56 7K U B T N B A e 6 2R A v
FE LIGE M ME AR D) B 5 T FE I 5 2. Tl KN
J7 2T B B L AR T, T AR

YR SCHERIRIE, n-HAIPAGG S & AR 3 A1)
FHZEME e He2y fi Jy 034 3234 Carolisg PRF 4 E S A X
T4 BB YA RN, n-HAIPAGG™ il e 1L
T LS SR A AR R, R RO A B R
FEA R A TIE I B4 I BE U5 &I LLZAL Rk SR 1 40
KA IR AT AN T ISR, AN AL S 4%
T, T LR R R k089%™ . A LBk R
N3 Y PP N7 N Tt o N i = P < S e et
Ao DRI BCR T B DA SOk 53 1 TR B (k2 4L
N-HA/PAGG AT hy SLali iV s 44, R AL R 2B
LRGeS SR AR ), (R S SR B R E A
YR FERE

WIS Z AT R EE R 8, FriEwin
X G359 0 HR AR T HL O ST B TR AR L, o HEAA, [ATT
AT ME R K5t B 1 N A M 75 e T8 T Lo AR ik
A AT B DA R L 25 VT 45 T e G R 2P 1
WIHETL . 53— 71, PRS2 IEMER A, 4
WA 2 B, DR b A T AR R IRE (A B A
TG — R

gi LA, FEFMIMICS I CTHI Hds — Brnl i ={
BN TR ARG FRERAE T8, BEAE DA PR AR A
ISP AH S I JORE (0 % 2 o B W 3 163 IR I Ve - BE A% S 15

P.O. Box 10002, Shenyang 110180 www.CRTER.org

FHAR LA RS s 9D e, RN g, fieidt
PEfbi S, AR AERGENE . O N TR Fh
ELA I PACHE ™ 02 FH PR R 2 A0

Bl Bt LG RAEE TR B AR AT EHGA. LETHAFTREAR
EfR. AETARERE EEHLEERRBEGRR LHF.,

TEZ TR Rt A MR S A e 0 Sk R ROR . RIE A6 08, Th
JHE. FRHRAFAR, RBEIPE A H e, JRAAIREE, TAES
TR #. FPHRBERL.

ZELHF REZ “BEAAMFELE LA A (51573207) ” A “F
T B RAHFE A A (2016A610006)” W2 B, FTHVEHEN, 2% &
BT A B0 L FEYLE Aok B A B R St AT AR,

FIEE TS L FAINEH PP AERMA T AL FRE L, FEEF
B R,

OEEEE: Ke L R LiERIEERICER R bk, 54
AR Br R &, FEELEREH. 16 RREH R EHRGE (R
FHRETY MERSARFR G ECEEZ R, LFHIRB 5585405
LEEFT (LRI RFAIRELH) (STROBE 451). A5 £k &
AN BE T A RS, A2 XA FRdR T et ERE, £
AnTRREFENTRTEE “SHFRAES.

XELEE: LF BRI %L CNKI R 2] 5 kIR A %84T 3 K E
2

XEHF: LFZENNRATHFERRFNF, HFEATILRZEE.

TEZERG: % — Ve 3R AL I6G R AT A R FTiE, XFF
R RIEE K BRI TSR )L R BAE R LI AR
By DERE, THEIEE,

XEMR: XF R & O Ak AL E T A X
P8

TR R — B FORIRIE, B4E (Gmirdk T T HE0
“EF 4T LR AR S XEF3.0” Fk, ASEIIRGHLT,
RAFMAVIEF L B e AT RXA SRR, Ay R, B AL
PR, TR #N. AR, 79, k. BEMEIK, FAHZE
S&3], ARG ASIE R L T AR R R,

4 BFEXHL References

[1]  Awwad W, Bourget-Murray J, Zeiadin N, et al. Analysis of the
spinal nerve roots in relation to the adjacent vertebral bodies
with respect to a posterolateral vertebral body replacement
procedure. J Craniovertebr Junction Spine. 2017;8(1):50-57.

[2]  Suzuki T, Abe E, Miyakoshi N, et al. Posterior-approach
vertebral replacement with rectangular parallelepiped cages
(PAVREC) for the treatment of osteoporotic vertebral collapse
with neurological deficits. J Spinal Disord Tech. 2013;26(5):
E170-E176.

[3] Ropper AE, Ropper AH. Acute spinal cord compression. N
Engl J Med. 2017;376(14):1358-1369.

[4] LauD, SongY, Guan Z, et al. Radiological outcomes of static
vs expandable titanium cages after corpectomy: a
retrospective cohort analysis of subsidence. Neurosurgery.
2013;72(4):529-539.

[5] Holland CM, Bass DI, Gary MF, et al. Thoracic lateral
extracavitary corpectomy for anterior column reconstruction
with expandable and static titanium cages: clinical outcomes
and surgical considerations in a consecutive case series. Clin
Neurol Neurosurg. 2015;129:37-43.

[6] Yang X, Chen Q, Liu L, et al. Comparison of anterior cervical
fusion by titanium mesh cage versus
nano-hydroxyapatite/polyamide cage following single-level
corpectomy. Int Orthop. 2013;37(12):2421-2427.

4137



B s, T B F1)# R, BEIE, Bk PEL XIEE. T Mimics i CT FT#EEE B A i CHIZE KSR AN K 66 K AT HIA
TR A AR TR, 2018, 22(26):4133-4138. DOI:10.3969/j.issn.2095-4344.0942

(7]

8l

19

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[29]

[20]

[21]

4138

Chen Y, Chen D, Guo Y, et al. Subsidence of titanium mesh
cage: a study based on 300 cases. J Spinal Disord Tech. 2008;
21(7):489-492.

Zhang H, Zeng K, Yin X, et al. Debridement, internal fixation,
and reconstruction using titanium mesh for the surgical
treatment of thoracic and lumbar spinal tuberculosis via a
posterior-only approach: a 4-year follow-up of 28 patients. J
Orthop Surg Res. 2015;10:150.

Wu J, Luo D, Ye X, et al. Anatomy-related risk factors for the
subsidence of titanium mesh cage in cervical reconstruction
after one-level corpectomy. Int J Clin Exp Med. 2015;8(5):
7405-7411.

Lowe TG, Hashim S, Wilson LA, et al. A biomechanical study
of regional endplate strength and cage morphology as it
relates to structural interbody support. Spine (Phila Pa 1976).
2004;29(21):2389-2394.

Duran S, Cavusoglu M, Hatipoglu HG, et al. Association
between measures of vertebral endplate morphology and
lumbar intervertebral disc degeneration. Can Assoc Radiol J.
2017,68(2):210-216.

Graillon T, Rakotozanany P, Blondel B, et al. Circumferential
management of unstable thoracolumbar fractures using an
anterior expandable cage, as an alternative to an iliac crest
graft, combined with a posterior screw fixation: results of a
series of 85 patients. Neurosurg Focus. 2014;37(1):E10.
Xiong Y, Ren C, Zhang B, et al. Analyzing the behavior of a
porous nano-hydroxyapatite/polyamide 66 (n-HA/PA66)
composite for healing of bone defects. Int J Nanomedicine.
2014;9:485-494.

Zhang Y, Deng X, Jiang D, et al. Long-term results of anterior
cervical corpectomy and fusion with
nano-hydroxyapatite/polyamide 66 strut for cervical
spondylotic myelopathy. Sci Rep. 2016;6:26751.

Kotani Y, Abumi K, Shikinami Y, et al. Artificial intervertebral
disc replacement using bioactive three-dimensional fabric:
design, development, and preliminary animal study. Spine
(Phila Pa 1976). 2002;27(9):929-935; discussion 935-936.
Grant JP, Oxland TR, Dvorak MF. Mapping the structural
properties of the lumbosacral vertebral endplates. Spine
(Phila Pa 1976). 2001;26(8):889-896.

Aharinejad S, Bertagnoli R, Wicke K, et al. Morphometric
analysis of vertebrae and intervertebral discs as a basis of
disc replacement. Am J Anat 1990;189(1):69-76.

Tan SH, Teo EC, Chua HC. Quantitative three-dimensional
anatomy of cervical, thoracic and lumbar vertebrae of
Chinese Singaporeans. Eur Spine J. 2004;13(2):137-146.
Reinhold M, Schmoelz W, Canto F, et al. A new distractable
implant for vertebral body replacement: biomechanical testing
of four implants for the thoracolumbar spine. Arch Orthop
Trauma Surg. 2009;129(10):1375-1382.

Closkey RF, Parsons JR, Lee CK, et al. Mechanics of
interbody spinal fusion. Analysis of critical bone graft area.
Spine (Phila Pa 1976) 1993;18(8):1011-1015.

Wang Y, Battié MC, Videman T. A morphological study of
lumbar vertebral endplates: radiographic, visual and digital
measurements. Eur Spine J 2012;21(11):2316-2323.

(22]

(23]

(24]

(25]

(26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

E4, XIUTE, R IDE RS, 55 Mimics B 76 B 2 P (5 — 4R T 1 v o 1 1)
[J]. 297 DA% 4¢, 2015,36(2):115-118.

Hofstetter CP, Chou D, Newman CB, et al. Posterior approach
for thoracolumbar corpectomies with expandable cage
placement and circumferential arthrodesis: a multicenter case
series of 67 patients. J Neurosurg Spine. 2011;14(3):388-397.
Skovrlj B, Guzman JZ, Caridi J, et al. Posterior-Only
Circumferential Decompression and Reconstruction in the
Surgical Management of Lumbar Vertebral Osteomyelitis.
Global Spine J 2016;6(1):e35-e40.
Jandial R, Kelly B, Chen MY. Posterior-only approach for
lumbar vertebral column resection and expandable cage
reconstruction for spinal metastases. J Neurosurg Spine.
2013;19(1):27-33.
Wang S, Zhang J, Qiu G, et al. Posterior-only hemivertebra
resection with anterior structural reconstruction with a titanium
mesh cage and short segmental fusion for the treatment of
congenital scoliokyphosis: the indications and preliminary
results. Spine (Phila Pa 1976). 2017;42(22):1687-1692.
Sasani M, Ozer AF. Single-stage posterior corpectomy and
expandable cage placement for treatment of thoracic or
lumbar burst fractures. Spine (Phila Pa 1976). 2009;34(1):
E33-E40.

Lee JH, Oh HS, Choi JG. Comparison of the Posterior
Vertebral Column Resection With the Expandable Cage
Versus the Nonexpandable Cage in Thoracolumbar Angular
Kyphosis. Clin Spine Surg. 2017;30(4):E398-E406.

Fang T, Dong J, Zhou X, et al. Comparison of mini-open
anterior corpectomy and posterior total en bloc
spondylectomy for solitary metastases of the thoracolumbar
spine. J Neurosurg Spine. 2012;17(4):271-279.
Abe E, Sato K, Tazawa H, et al. Total spondylectomy for
primary tumor of the thoracolumbar spine. Spinal Cord.
2000;38(3):146-152.

Crocker M, James G, lbrahim A, et al. Posterior approach
vertebrectomy in the thoracolumbar spine with expandable
cage reconstruction: indications and techniques based on
eight cases. Br J Neurosurg. 2008;22(2):235-240.
Wang L, Song Y, Pei F, et al. Application of
nano-hydroxyapatite/polyamide 66 cage in reconstruction of
spinal stability after resection of spinal tumor. Zhongguo Xiu
Fu Chong Jian Wai Ke Za Zhi. 2011;25(8):941-945.
Abd EH, Helmy Y, El-Kholy B, et al. In vivo animal
histomorphometric study for evaluating biocompatibility and
osteointegration of nano-hydroxyapatite as biomaterials in
tissue engineering. J Egypt Natl Canc Inst. 2010;22(4):
241-250.
Xu Q, Lu H, Zhang J, et al. Tissue engineering scaffold
material of porous nanohydroxyapatite/polyamide 66. Int J
Nanomedicine. 2010;5:331-335.

Caroli E, Orlando ER, D'Andrea G, et al. Anterior cervical
fusion with interbody titanium cage containing surgical bone
site graft: our institution's experience in 103 consecutive
cases of degenerative spondylosis. J Spinal Disord Tech.
2007;20(3):216-220.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



