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NGHIEN Cl’U THIET KE SAN PHAM LONG XUONG SU’ DUNG
TRONG CAY GHEP COT SONG BANG PHAN MEM NX

DESIGN OF EXPANDABLE CAGE USING IN SPINAL SURGERIES WITH NX
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TOM TAT

San pham Long xwong cé kha nang diéu chinh chiéu cao (Expandable Cage) dwoc sit dung
nhiéu trong cdc phau thudt cdy ghép cot song véi muc dich thay thé hoan todan dot song bi ton
thwong do tai nan, lao cot sé'ng, thodi héa dot Séng, hodac ung thw. Viéc ché tao va thir nghiém cac
thiét bi cdy ghép y té sé dwoc tién hanh nhanh hon va tiét kiém chi phi hon néu dp dung phwong
phap phcfn tir hitu han va cdc céng cu mé phong dé danh gid va dy dodn truée dg bén ciia thiét b
khi cdy vao co thé. Nghién ciru nay tdp trung vdo viéc trinh bay phwong phdp thiét lap va danh gia
két qua mo phong trang thai chlu liee clia long xuong khi dwoc dat trong phan cot song that hing
(dot song L1 t6i L5) véi phan mém Siemens NX. Tién hanh mé phong luc tinh & cdc trang thai khi
long xuwong o i tri nguy hiém nhdt, sau dé ding cdc két qua mé phong tinh dé thuwc hién mé phong
do bén méi. Tir cac két qua mo phong, cdc danh gia ban dau dwoc thuce hién dé xac dinh cac vi tri
chiu lwc ciing nhu ciing nhiwe dang hw hong c6 thé xdy ra doi véi long xwong khi cdy ghép va thiee
hién cdc chinh sita thiét ké néu can thiét. Sau do, mau léng xuong sé duoc ché tao véi vit liéu Ti-
6A1-4V ELI dé thir nghiém co tinh, tir d6 ddnh gia dwoc do bén thuc té cia san pham ciing nhi tinh
chinh xdc cua viéc mo phong.

Tir khéa: Phirong phdp phan tir hitu han; NX Nastran; NX Durability Wizard; Long xwong
6 kha nang diéu chinh chiéu cao; Phdu thudt thay than dot song; Thiét bi cdy ghép cot song.

ABSTRACT

The Expandable Cage is an implantable device that can be adjusted the height, widely used
in spinal surgeries to completely replace vertebraes damaged by accidents, spinal tuberculosis,
spondylolisthesis, or cancer. The fabrication and testing of implantable medical devices will be
conducted faster and more cost-effective if finite element methods and simulation tools are applied
to assess and predict the durability of medical implant devices when implanted in the body. This
study focuses on presenting a method to set up and evaluate the bearing state of the expandable
cage when placed in the lumbar spine (vertebra L1 to L5) with Siemens NX software. Conduct static
structural simulation in the states when the skeleton is in the most dangerous position, then use
the static simulation results to perform the fatigue simulation. From the simulation results, initial
assessments were made to determine the load-bearing sites and possible damage to the cage during
implantation and to make design corrections if necessary before fabricating and testing.

Keywords: FEM; NX Nastran; NX Durability Wizard; Expandable cage; Vertebral Body
Replacement; Corpectomy; Spinal implant.
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1. GIOI THIEU

Long xuong 1a mot loai thiét bi ciy
ghép sir dung trong phau thuat cot séng, co
churc nang thay thé mot hodc mot vai dia dém
lién ké bi hu hai khong thé phuc hoi nhu trong
cac truong hop ung thu di cin, lao cot sdng,
thoai hoa dbt séng, tai nan,...

Nguyén 1y diéu tri str dung 16ng xuong
dwa vao qua trinh han xwong [1], [2]. Khi ciy
ghép vao trong co thé, ban than 16ng xuong cay
ghép cung véi xuong ghép (xwong ghép tu than
hodc xuong ghép nhén tao) s& két hop véi cac
d6t sdng c6 sdn va hinh thanh mot khdi xuong
chéc chan giup 6n dinh do cing vimg va chiéu
cao cua cot sdng.

Trén thé gi6i, hién nay c6 nhiéu hing da
nghién ciru va san xuit nhiéu loai 10ng xwong
khéc nhau dé phuc vu nhu cau diéu tri caa con
ngudi [3], mot sb loai 1ong xwong cua cac hing
ndi tiéng duoc thé hién & hinh 1, hinh 2, va hinh
3. Tuy nhién, gia thanh cua cic san pham d6
rat cao, dong thoi mot san pham thuc sy phu
hop v6i ciu triic giai phau ctia ngudi Viét Nam
1a chua c6. Tir d6, tac gia chon dé tai nay voi
mong mudn tao ra san pham phu hop hon voi
ngudi Viét va ¢ tinh kinh té cao hon, c6 kha
nang tu san xuét duoc & Viét Nam.

Thin trén

Vong diéu chinh chiéu cao

Vit khoa chiéu cao

Thén du

Hinh 1. Long xwong mdt dé cé dinh ADD ciia
Ulrich Medical (Purc)

(1) Thm && by lyra

(2) Vit khéa gde nghiéng vhm dé

(3) Thiin trén

(4) Viong didu chinh chidu cao

(5) Vit khba chidu cao

(6 Thitn durdni

Hinh 2. Long xwong mdt dé tw lwa Fortify VA ciia
Globus Medical (Myp)

‘5o (1) Tim d¢ dang module X2

(2) Thin trén

(3) Viong di¢u chinh chi¢u cao

{(4) L& bét vit khba chidu

(5) Thiin dudn

Hinh 3. Long xwong dang module Obelisc ciia
Ulrich Medical (Purc)

Sau khi nghién ctru nhiéu dang thiét ké
clia cac hing trén thé gidi, két hop voi két qua
nghién ctru cua nhom tac gid Truong Pai hoc Y
Dugc vé kich thudc va hinh dang ciia dot song
nguoi Viét Nam [4], ciing nhu dya vao két qua
cac nghién ctru vé lyc tac dung 1én dbt song [6],
[7], [8], [9], [10], [11], tac gia dua ra thiét ké,
kich thudc, va yéu cau ky thuat cho san pham
16ng xuong nhu bang 1 va hinh 4 sau day:
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Bdng 1. Yéu cau ky thudt cia long xieong diéu
chinh chiéu cao

Théng s6 Gia tri
Thay thé cac dét séng
that lung L1 — L5 cho
Vi tri lap bénh nhan nam, nir tudi

tor 18 — 75, can nang
khong qua 100kg

Chiéu cao tang chinh | 32-45mm
Duong kinh than ®20mm
Khoang goc nghiéng o

7 w7 Ak oA +16
cua mat dé tiep xtic
D6 bén nén 3500N

Kha nang chiu gay >5 triéu chu ky véi bién
moi do luc nén 1650N

Hinh 4. Thiét ké cia long xwong

Céc thanh phan bao gom:

+ (1): Than dudi.

+ (2): Vong diéu chinh.

+(3): Mit dé tiép xtic (Endplate).
+ (4): Vit khoa Endplate.

+ (5): Than trén.

+ (6): Vit khoa ¢ dinh chiéu cao.

_J

Hinh 5. Long xwong ldp két hop hé thong nep vit
16i bén

> -
b *
S
Hinh 6. Long xwong ldp két hop hé thong nep vit
161 truede

[ e

T 4

Hinh 7. Long xwong ldp két hop hé thong cé dinh
16i sau svr dung thanh néi va vit chdn cung

2. PHUONG PHAP NGHIEN CUU

2.1. M6 phéng dd bén nén tinh

Viéc md phong kiém tra 6 bén nén tinh
duoc thuc hién trong mai truong Pre/Post cua

Hinh 5, 6, 7 thé hién vi tri lap cta 16ng
xuong trong cot song.
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phan mém NX 1926. Sir dung bo giai Linear
Sol 101 ctia NX Nastran dé tinh toan va kiém
bén theo tiéu chuan Von Mises. Quy trinh mo
phong duogc thuc hién nhu hinh sau:

v
N 1 Pon gizn héa md
b — T
MG hinh 3D thinh 3D
Khanz
TN v

- g
7 Luri d& dat chat ™ . PR
<‘R Iuong? /—4— 2Chiahréi md hich

-\“\H,_H -

Hinh 8. Quy trinh mé phéng do bén nén tinh

+ Budc 1: Tir md hinh 3D ctia san pham,
ta tién hanh don gian hoa mot sb chi tiét (ren,
canh bo, vat mép,...) dé giam b6t khéi luong méd
phong ma khong anh huéng nhiéu dén két qua.

+ Budc 2: Tién hanh chia luéi mod
hinh. Sau khi chia luéi s& kiém tra chét luong
ludi, néu ludi dat yéu cau thi tién hanh budc
tiép theo, néu chua dat yéu cau thi tién hanh
chia lai lu6i. Tiéu chuan sir dung dé kiém tra
chat lugng ludi 1a Aspect Ratio, Skew Angle,
Minimum Element Length, va Maximum
Element Length.

+ Bude 3: Khai bao diéu kién bién, bao

gom cac dicu kién vé rang bude, lyc tac dung,
va dang ti€p xuc gilra cac bé mat cia cac bo
phén cua 16ng xuong.

+ Budc 4: Chay giai thuat mo phong dé
phan mém tinh toan ra cac két qua.

+ Budc 5: Xem cac két qua mo phong
vé ung suat, bién dang, chuyén vi, danh gia Két
qua mo phong xem c6 hoi tu chua va thyc hién
viéc chia min lai lu6i néu can.

+ Budc 6: Néu két qua mo phong da hoi
tu, ghi nhan cac gia tri quan trong va két thic.
Néu két qua chua hoi ty thi tién hanh chia nho
ludi va thye hién mo phong lai cho dén khi két
qua hoi tu.

2.2. M6 phéng d9 bén méi

Viée kiém tra do bén moi thuc chat 1a
dua vao két qua mo phong tinh trude do két
hop véi thong sb vé dd bén moi cua vat lidu dé
danh gia. Dya vao két qua mo phong do bén
nén tinh, ta thyc hién thiét lap mo phong tinh
toan do bén moi sir dung cong cu Durability
Wizard trén phan mém NX véi tiéu chuan dénh
gia la Stress — Life vdi quy trinh sau:

+ Buéc 1: Khai bdo mé hinh va két qua
mg suit sir dung (Static Durability Event). O
day, ta str dung mo hinh va két qua ung suat
chay Von Mises c6 dugc tir viéc mo phdéng do
bén tinh di trinh bay ¢ muc 4.1.

+ Buéc 2: Khai bdo tiéu chuan méi sir
dung trong tinh toan. O budc nay, ta st dung tiéu
chuan Stress — Life dé danh gia do bén moi.

+ Budc 3: Khai bdo dang tai (Load
Pattern) 4p dung khi tinh toan. Trong NX chi
cung cap hai dang tai 1a dao dong toan chu ky
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(Full Cycle) va dao dong ban chu ky (Half Cycle), ta chon dang tai dao dong toan chu ky khi tinh
toan do bén moi.

+ Budc 4: Hoan thanh viéc khai béo va tién hanh tinh toan va danh gia két qua.

Bdng 2. Cdc théng sé dimg dé danh gid két qua mé phong dé bén moi

Théng s6 Giy méi xay ra khi
Hé sb an toan do bén tinh (Strength Safety Factor) <1,0
Gia tri bién an toan (Margin of Safety) <0
Hé sb an toan do bén méi (Fatigue Safety Factor) <1,0
Chi s6 pha huy moi (Fatiue Failure Index) > 1,0
Do pha hiy moi (Fatigue Damage) > 1,0
D6 bén moi (Fatigue Life) <1,0

3. KET QUA VA THAO LUAN
3.1. Két qua md phéng d bén nén tinh

Sau qua trinh tim lu6i hdi tu thi ta co két qua ludi hdi tu ¢ ¢d ludi Imm véi céc gia tri nhu
trong bang 3 bén dudi:

Bdng 3. Két qua mé phong do bén tinh sau khi chia nhoé luéi

LAn mé phéng 1 2 3 4 5
Size ludi 2D (mm) - 0,25 0,25 0,25 0,25
Size ludi 3D (mm) 2 2 1,5 1 0,75
Téng s6 Node 26450 49033 58398 86896 133403
S6 phan tur 12350 23313 27862 41772 64621
Ung suét 16n nhat
(Average - MPa) 165,69 169,22 170,56 170,49 169,4
Ung suét 16n nhét
(Unaveraged - MPa) 179,26 191,77 199,3 195,19 210
Chuyén vi 16n nhit (mm) 0,0327 0,0333 0,0335 0,0336 0,0338

Két qua ting suit trong lin mé phéng cé lwéi Imm:

Céc hinh tir 9 t&i 14 sau day thé hién két qua mo phong do bén nén tinh.
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Ddnh gid két qud mé phéng nén tinh:

+ Vi cac gia tri ung suat da tinh toan,
ta co thé thay san pham thiét ké 1a thoa bén.

+ Ung suét trung binh trén hai thanh
phén chiu luc chinh la than trén va than dudi
1a kha trong dwong nhau, dong thoi sy phan bo
(g suét trén cac thanh phan nay kha déu, diéu

3.2. Két qua md phéng dd bén méi

nay chimg to do bén déu cua thiét ké 1a kha tot.

-+ Mo phong chua xét dén phan bién dang
ren cua than dudi va vong diéu chinh, tuy nhién
két qua mo phong van c6 thé dung dé tham khao
dé c6 danh gia vé do bén san pham ciing nhu
dinh hudng t6i wu lai thiét ké & mot s6 vi tri dang
du bén nham tang thé tich khoang ghép xwong
va giam trong luong san pham sau nay.

Két qua mo phong d6 bén moi duoc thé hién & cac hinh tir 15 dén 20 nhu sau:
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Hinh 17. Hé 50 an toan do bén moi
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Hinh 18. Hé 56 an toan dé bén tinh
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=
mE T,
Hinh 19. Gia tri bién an toan

Ddnh gid két qud mé phéng dp bén méi:

Céc chi s6 tinh toan tir mo phong d6 bén
moi déu khong nam trong ving pha huy theo
két qua & Hinh 15, c6 thé két luan san pham c6
thé chiu duoc dao dong lién tuc 5 triéu chu ky
véi cuong dd 1650N véi dang tai dao dong toan
chu ky ma khong bi pha huy.

Piéu nay ciing phu hop véi két qua tir
duong cong moi S-N cua vat liéu Ti-6A1-4V
trong cac nghién cuu [12], [13], khi ma Gng
suét tac dung dudi 400Mpa thi mau s& khong bi
gay moi trong 5 triéu chu ky.

Két qua mo phong d6 bén moi duwa vao
két qua mo phong khi nén tinh, do d6 d6 chinh
xac phu thudc rat nhiéu vao do chinh xac két
qua md phong do bén nén tinh.

Két qua md phong sir dung dang tai 1a
dao dong toan chu ky, dang tai ndy s& lam mau
bi phéa huy nhanh hon do khi mau chiu ting suat
kéo s& c6 xu hudng lam vét nit trén mau phat
trién nhanh hon. Trong thyc té, san pham 1ong
xuong chiu lyc nén 1a chinh, do do néu st dung

Hinh 20. Chi s6 phd hity moi

dang dao dong véi bién do dao dong & vung luc
nén thi s€ giong voi thuc t€ hon.

4. KET LUAN

Qua bai nghién clru nay, tac gia da trinh
bay thiét ké 10ng xuong diéu chinh chiéu cao
¢6 nhitng dic diém phu hop véi céu trac cot
song cua nguoi Viét, co khoang diéu chinh tir
32 dén 45mm, duong kinh san pham 1a 20mm,
va goc nghiéng san pham trong khoang +16°.
Long xuwong c6 kha ning tang chinh chiéu cao
lién tuc va thiét ké dang module, nhd d6 gitip
béc si dé dang diéu chinh chiéu cao va lya chon
mit tiép xtac dé phu hop véi cau trac than dét
song cua timg bénh nhén.

Bén canh do, viéc mo6 phéng do bén nén
tinh va mo phong do bén moi dé danh gia do
an toan vé mit co tinh cua 16ng xwong khi cay
ghép trén cot séng ciing duoc thuc hién. Két
qua tir md phong tinh va mé phong d6 bén moi
cho thay san pham dap Gmg duogc yéu cau vé do
bén da dit ra (46 bén nén tinh 3500N va d6 bén
moi 1650N tai 5 tri¢u chu ky). s
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