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Abstract

With the aging of the population, the increase in sedentary work styles, and the rising demand for
quality of life, research focusing on precise decompression, stable reconstruction, and functional
recovery of lumbar spine diseases has become an important research direction in the interdiscipli-
nary field of spinal surgery and high-end medical equipment. Posterior Lumbar Interbody Fusion is
an important surgical method for the treatment of lumbar degenerative diseases, but there is alack
of precise quantitative methods for the contact load between surgical instruments and tissues
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during the operation, which easily leads to complications such as nerve injury due to improper op-
erating force. Traditional electrical sensors are difficult to adapt to surgical scenarios due to limi-
tations such as size and electromagnetic interference, while optical fiber sensing, with advantages
such as miniaturization and anti-interference, has become the preferred solution for micro-force
measurement during surgery. This paper focuses on stress sensing during PLIF surgery, taking FBG
and MZI optical fiber sensing as the core, to carry out theoretical, simulation and experimental re-
search.
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Figure 1. Schematic diagram of FBG
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Figure 2. Cantilever beam structure
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Figure 3. Modeling diagram of nerve root dissector. (a) Initial nerve root dissector; (b) Polished nerve root dissector

Bl 3. #HRRYERERE. (2 MAHHLRRERR; (b) TEEHNHAERTIER

(3) KT L AT R AR AR, JE SIS A AR R B R AR 3Cr13 AR .

(4) STEE R IEAT RE RIS, SRS 7 iR A A

(5) S B RS AR it s 2%, St S S 4 it it I [ s 29K, AE R N z Bl LR R
NN K177,

(6) EPRMAIA, BELER, W4 PR,

ME 4 R VR, AT TG A AR B 25 (K35 5] RAR XS ok, HARLRE R L 4T B A
AR MR Eir %, Wt —amal LA, RIASRE (K R] DAAE — e FEJE L3 e el AL ik ae
(RIS FAHORE, AT B 2 by YR ) S 5 8 S B vh 2 R 2 J0 . AL, TEJE S B I g AT
T AT RIS R A AT AR I, LT RLIZ R W 2T 35 5] R AR XSk B, 3 m] DUBE G G X A7 7E
e EINAR, I FEUR S IEH IR TE . AR S SRR H I

3.2. FEHEERF NS

RN T DR EAR R B AR BB BEN 152 71081, TP COMSOL H 37 i AR 3 25
PR SO\ HE ABAQUS Ttk — 504t .

3.2.1. ABAQUS i /43
ABAQUS 7 IR TG #7428 BB, 4334 ABAQUS/Standard #1 ABAQUS/Explicit. 15
BEIFRIE , ABAQUS i (L 38— AN 4 [ S RF R a1 B F 7 ST, B AHLAE B AT JG AL B ABAQUS/CAE.

DOI: 10.12677/jsta.2026.144065 672 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2026.144065

Wi 2%

ABAQUS/CAE 1£°& ABAQUS ({1 Ja AbFEREL, & ABAQUS i/ s, WK 5. dlidix—ibn]
PIXT ABAQUS AL AT @, /M i B, [T IR ] LAXT ABAQUS 73 25 Sk AT n ik i Ab 3
T AT AR A BT R R LRI, SN RS AE SRR, N e I SR AR, SRR A

01-

0T

:i:h,.. 1

#4: von Mises 7] (N/m?)

(b)

A 2x10°
x10°
4.5
mm 4
¥ 0 10 20
] 3.5
=
2
@ 3
ﬁ 0 mm
= 2
§ 2.5
S 3
mm
2
=, 1.5
=
3

X
>~ B v 1.34
2

Figure 4. Nerve root dissector strain diagram. (a) Initial nerve root dissector; (b) Polished nerve root dissector
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Figure 5. ABAQUS software interface
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Figure 6. Simulation modeling diagram of ovine spinal cord stress
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Table 1. Parameter calibration of nerve root dissector
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Table 2. Ovine spinal cord parameters
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Figure 7. Displacement modeling diagram
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Figure 9. Rendering after meshing and simulated stress diagram
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Figure 10. Contact image of spinal cord and bone
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