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Abstract

BACKGROUND: In the past, the correction of ankylosing kyphosis often focused on the correction of local deformities, ignoring the reconstruction of sagittal balance.
OBJECTIVE: To establish a three-dimensional finite element model of ankylosing spondylitis kyphosis by using computer-aided software, design a personalized
osteotomy scheme based on the reconstruction of sagittal balance of spine by hilum hip axis method, simulate the operation of vertebral column resection (VCR),
calculate and analyze its biomechanical characteristics, and compare with two kinds of sagittal balance models without reconstruction.

METHODS: CT data of an inpatient from the Sixth Affiliated Hospital of Xinjiang Medical University were collected. According to 301 classification, kyphosis was
identified as IlIA. The CT data were imported into computer modeling software to establish a three-dimensional finite element model of ankylosing kyphosis.
Three different surgical models were designed, which were VCR30°, VCR32.2° and VCR40°, in which VCR32.2° was used to measure the pre osteotomy

angle of L, which was 32.2° using the measurement method of hilum hip axis. In addition, two non-reconstructed spinal sagittal plane balance models were

constructed, in which VCR30° was set as the osteotomy angle 30° and VCR40° was set as the osteotomy angle 40° to simulate VCR in the three models. The
spinal displacement, screw rod system, titanium cage and osteotomy surface of the three models were calculated by finite element method.

RESULTS AND CONCLUSION: (1) The order of total displacement and displacement of 24 vertebral bodies was VCR40° > VCR30° > VCR32.2°; VCR40° was
significantly higher than VCR32.2°; VCR30° and VCR32.2° had no significant displacement difference due to the small difference of osteotomy angle. (2) The
stress distribution trend of pedicle screw, titanium rod, titanium cage and osteotomy contact surface: no matter titanium rod or titanium cage, VCR40° was
higher than the other two models and the average, and the difference was significant. VCR32.3° had the smallest stress in the three models, and was lower
than the average value. The equivalent stress distribution of each segment was uniform, and there was no stress concentration. (3) Results confirmed that
reconstruction of sagittal balance of spine based on hilum hip axis method can increase postoperative spinal stability, and lower stress distribution of internal

fixation, which is a reasonable and scientific surgical design.

Key words: ankylosing kyphosis; vertebral column resection; finite element analysis; sagittal balance; biomechanics ;model; deformity; pelvic parameters
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FER MR ™ I RRE, FARIGIT TR &0 Rl
(smith-Petersen osteotomy, SPO). £ #E o #R k14 & (pedicle
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B, i o NI A 115 550
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Table 1 | Material parameters of spine, intervertebral disc and ligament

R YRR (MPa) TARALE
B Jo 12 000 0.30
A E 12 000 0.30
eI AL 12 000 0.30
By 12 000 0.30
IRET 1.034x10° 0.35
b 1.034x10° 0.35
ERIE 1.034x10° 0.35
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2 Z58 Results

2.1 A FRIUARA 645 . MIEESERL 3 B VCR G IR TCEE B,
J R VCR30° A5 T 3 1] 43 10 5 £ Y T A4 B o6 773 381 A4,
1306 765 /M1 s VCR32.2° #RAL LK 4y 10 4 o5 DU i 4 B
91 6045 4>, 1515115 15 A; VCRA0° #E 7 FL %1 43 10 5 /&
VU 4 ¥ 9T 810 169 4>, 1327 407 51, WE 5.
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K /INHEFF: VCR4A0® > VCR30° > VCR32.2°, 4%y 1.77 mm,
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ZERN, MR EPE AR E, VCR40® Fl VCR32.2° % 7 B %,
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Table 2 | Displacement of three kinds of vertebral column resection
osteotomy models

iiXEN L VCR30° VCR32.2° VCR40° ¥
Js¥a ;2 0.64 0.50 1.77 0.97
C, HEPRRL RS 0.62 0.50 1.74 0.95
C, HEPRAL RS 0.55 0.47 1.69 0.90
C, HEPRAL RS 0.53 0.46 1.42 0.77
C, HEPRRL RS 0.52 0.45 1.33 0.76
Cs MEMRRL R 0.50 0.44 1.29 0.74
C, MEMRRL R 0.49 0.42 1.26 0.73
C, MEtR LR 0.48 0.41 1.23 0.72
T, HERAI RS 0.48 0.40 1.23 0.70
T, HERAI RS 0.46 0.39 1.23 0.69
T, HERLI RS 0.43 0.40 1.22 0.68
T, HERLI RS 0.42 0.40 1.22 0.68
T HERNI RS 0.42 0.39 1.20 0.67
Te HEARNI RS 0.41 0.40 1.20 0.67
T, HEAARRL R 0.41 0.40 1.18 0.66
Ty HEARRL RS 0.40 0.40 1.15 0.65
T, HEAARRLFS 0.40 0.39 1.09 0.62
Tyo MEMAAL S 0.39 0.38 1.03 0.60
T, MEAALHS 0.37 0.35 0.94 0.55
T, MEMAAL S 0.33 0.31 0.84 0.49
Ly MEALL R 0.31 0.27 0.72 0.43
L, HEARAT 0.28 0.22 0.60 0.36
L, MEMAL 0.25 0.20 0.44 0.29
L, MEMAL S 0.17 0.11 0.32 0.20
Ls MEMAL S 0.10 0.07 0.21 0.12

23 ABRREAER HESHRIRET. Sk, SR8 LB %
flt T BRI . F3 A a3 RIS ETRE N 1, ISR EKTE N 7T,
VCRA0° # % i T HoAth 2 MERLRISFIME, JFHZ 7R,
VCR32.3° £ 3 PSR rp N Ty de /)N, WA TP3ME, FFH &
BUEON I3 AR 5], A BN SR L%, T VCR4O°
BERSAE L RO L, 99 BABET N J By A S, W &2 57
95 MPa, L, /&L, 1911 f%, XAk 5 T 8H M 78 H I A
il kW, WEk3, E7.

=3 | FEILEBEHES T (VR ERANEEMESSEMEFER IR (MPa)
Table 3 | Equivalent stress of internal fixation and osteotomy interface of
three kinds of vertebral column resection osteotomy models

REREYVA) VCR30° VCR32.2°  VCR40° PE
WRETETHE R ) 53.08 48.20 122.29 74.52
Ty, BEE B A MRETR /) 4.93 450 22.64 10.69
L, [ B AT R /) 9.15 8.23 9.17 8.85

L, [l B A MNEET R /3 40.73 36.27 104.23 60.41
L, [l B MNEET R 3 43.37 27.76 62.73 44.62
Ly [l B MNEATR 7 24.84 20.31 68.68 37.94
S, [l WRBAEMIBRAT N /7 50.74 39.41 116.60 68.81
ERIERL T3 26.29 24.25 65.95 38.83
Tr Bk B 7 51.64 43.26 100.60 64.96
A TH R ) 22.54 11.46 31.87 22.91
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Figure 1 | Pelvic sagittal parameters measurement
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Figure 3 | Internal fixation (dorsal side)
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Figure 5 |
vertebral column resection (VCR32.2°)
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Model of sagittal balanced osteotomy reconstructed by

Figure
Type: Equivalent (von-Mises) Stress
Unit: MPa
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Figure 2 | Sagittal view of different
osteotomy angles
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Figure 4 | Sagittal view of three vertebral column resection models
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Figure 6 | Total displacement diagram of vertebral column resection
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Figure 7 | Differences in internal fixation stress at different vertebral
column resection angles
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