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Po d9 mon 16t trong ciia khép hang toan phan bing may do 3 chiéu

Measurement of Wear of Acetabular Liner by 3D Coordinate Measuring Machine
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Tom tat

Mon Ia mét trong nhiing nhan té quan trong dé danh gia chat long va tudi tho cta khép hang toan phan
(KHTP). Bai béo trinh bay qué trinh thir nghiém mon I6t trong Iam bang nhuwra polyetylen phan t lwong siéu
cao (UHMWPE) cta KHTP ché tao tai Viét Nam. B6 mon cua Iét trong duoc xac dinh bang phuong phép
thé tich theo tiéu chudn ISO 14242-2. Thé tich cta héc I6t trong sé duwoc do triréc khi bat déu thir nghiém
mon va tai céc thoi diém thich hop trong qué trinh thir nghiém. Méy do toa dé ba chiéu (CMM) duoc st
dung dé xéc dinh toa dé céc diém trén bé mat ctia héc. Ttr div liéu do ndy, mé hinh 3 chiéu cta héc Iét trong
duoc xay dung dé tinh thé tich ctia né trong trudc va sau mét sé 1an thir mon. Két qua thdr nghiém mon cho
thdy d6 mon trung binh cia I6t trong la 29,4 mm®3/10° chu ky. So véi cac nghién ciru dé céng bé, 16t trong
clia nghién ctru nay c6 d6 mon thap va ndm trong dai dé mon dién hinh ctia cac 16t trong cting loai.

T khoa: P mon, 1ISO 14242-1, 1ISO 14242-2, khép hang toan phan, 16t trong.
Abstract

Wear is one of important factors to evaluate the quality and service life of total hips. This paper presents the
wear test of a UHMWPE acetabular liner which was made in Vietnam. The wear of the acetabular liner was
defined by the dimensional change method according to ISO 14242-2. The volume of the acetabular cavity
was measured prior to the start of the wear test and at suitable intervals during the test. A coordinate
measuring machine was used to get the coordinates of points on the surface of the acetabular cavity. From
the measured data, the 3-dimensional model of the acetabular cavity was created to calculate its volume
before and after several wear tests. The results of the wear test showed that the average wear of the
acetabular liner is 29,4 mm?3/10° cycles. Compared to some published studies, the acetabular liner of this

study had a low wear and was in the range of typical wear of similar acetabular liners.
Keywords: Wear, ISO 14242-1, ISO 14242-2, Total hip, Acetabular liner.

1. M& diu

Thay KHTP 1a mot phiu thuat thay thé khop
hang tu nhién bi hu hong bang KHTP nhim phuc hdi
chtre nang vén co cua khép hang ty nhién. KHTP
hién dai gdom 4 chi tiét 1a chudi, chém, 16t trong va vo
ngoai. Vo ngoai va 16t trong tao thanh 6 ¢di nhén tao
trong d6 vo ngoai dugc gén cé dinh vao 6 cbi cua
xuong chéu, 16t trong gan ¢b dinh V61 VO ngoai.
Chom c6 dang hinh cau, mat ngoai tiép xuc v6i mat
trong cta 16t trong, mit trong 1a 15 con lién két voéi
chuéi. Than chuéi dwoc gan c¢b dinh vao ving tiy cia
xuong dui, dau kia ctia chudi lap véi chom.

Ngay nay nguoi ta sir dung nhiéu loai vét lidu y
sinh pht hgp lam KHTP bao gom vat liéu kim loai
(nhu hop kim titan, hop kim coban...), gbém va nhwa
polyetylen. Tuy dé c6 nhiéu cai tién vé vat liéu nhung
trong qué trinh lam viéc, do ma sat, viéc mon khop
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van khong thé tranh khoi. Diéu nay try thanh mot van
dé quan trong trong 1am sang [1]. Nguoi ta thdy cac
hat mai mon kim loai dd khuéch tan trong co quan
khac nhau nhu hach bach huyét, gan, 14 lach va tay
xuong, c6 thé gdy hoai tr mé [2]. Cac hat mai mon
polyetylen gay nén thoai héa khop va tiéu xuong va
vi thé 1am long KHTP [3- 5]. Khi KHTP bi long, can
phai phau thut dé thay thé KHTP m&i. Qua4 trinh nay
phirc tap, dat tién va nguy hiém. Do d6, cho du sir
dung vat lidu y sinh nao lam KHTP, can phai nghién
ctru toc dd mai mon ciia KHTP. Viéc nay da trg thanh
mot khia canh quan trong trong viéc xac nhan tién
1am san chi tiét cay ghép [5].

Trong khuén kho dé tai cap Nha nude “Nghién
ctru thiét ké, ché tao va thir nghiém khdp hang nhén
tao toan phian”, ma sb KC.03.24/11-15, mot sé bd
KHTP cho nguoi Viét lan dAu tién di duoc ché tao.
Trudce khi thuc hién thtr nghi€ém 1am san, céc chi tiét
ciia KHTP can dugc thir nghiém co y sinh v6i nhiéu
ndi dung khéc nhau. Bai bdo nay trinh bay qua trinh
thr nghiém va do mon 16t trong ciia KHTP theo tiéu
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chuan ISO 14242-2. Két qua do do mon dugc xdc
dinh bang phuong phap thé tich nho may do 3 chiéu.

2. Vit liéu va phuong phap
2.1 M thir mon

Trong nghién ctru nay, KHTP gdm cac chi tiét
v6 ngoai, 16t trong, chom va chudi lam bang hop kim
titan Ti-6Al-4V. Chém c6 duong kinh 28 mm. Do
nham bé mit cua chém sau khi gia cong 1a R, = 0,032
pm, dat yéu cdu theo tiéu chudn ASTM F2033-12.
L6t trong lam bang nhwa polyetylen phan tir lugng
siéu cao UHMWPE. Vat li¢u nay c6 do cung 1a 61
Shore D, hé s6 ma sat 1a 0,25, do bén kéo 1a 20 MPa,
mé dun dan hdi 1a 700 MPa [6]. Mit trong cua 16t
trong 1a hdc c¢6 dang 16m cau duong kinh 28 mm, c6
d6 nham R, = 0,01 pm (thoa mén ti€u chudn ASTM
F2033-12). Ngoai vanh phing, phan day cua lot
trong con c6 phan vanh nang chiém mot cung 180°
theo chu vi. M6 hinh CAD (Computer Aided Design)
va mau that cta 16t trong dugc trinh bay trén hinh 1.

Lém cau

Wanh nang

.

Hinh 1. M6 hinh CAD va mau that ctia 16t trong.
2.2 May thir nghiém mon

Thiét bi mé phong khop hang dugce st dung chu
yéu cho cac nghién ctru vé ma sat hoc cac khop hang
nhan tao. Trén thiét bi nay, KHTP dugc thtr nghiém
trong mot moi truong méd phong cac didu kién sinh ly
hoc [5]. Thiét bi mo phong khop hang rat da dang veé
thiét ké. Mot s6 thiét bi chi c6 vai tro nhu 13 mot may
thr nghiém mon dung cho thir nghiém ma sat va mai
mon gitra cac chi tiét trong khép hang nhén tao.

Trong nghién ctru ndy, thiét bj mé phong khép
hang chi c6 vai trd nhu 1a mdt may thir nghi€ém mon.
May duoc thiét ké theo tiéu chuan ISO 14242-1. May
¢6 tai doc truc 16n nhat 1a 3 kN. May c6 thé tao duoc
3 chuyén dong cua khop hang theo tiéu chuin ISO
14242-1: dang ra-khép vao (-4° + +7%) +3° xoay
trong-ngoai (+2° + -10°) +3°, co-dudi (-18° + +25°)
+3°. May dugc mo ta trén hinh 2, KHTP duoc ga dat
dung voi tu thé 1am viée cta khép hang ty nhién. Quéa
trinh thir nghiém trén méay dugc dién ra trong nhiét o
37°C+2°C trong moi truong chat long thir nghiém.

2.3 Dung dich thir nghié¢m

Theo tiéu chuan ISO 14242-1 thi dung dich
dung dé thir nghiém la huyét thanh bé pha loang voi
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nuée cit voi ham lugng protein dat 30 g/l + 2 g/1 [7].
Mot sb nha khoa hoc st dung huyét thanh bé hodc
huyét thanh bé méi sinh pha véi nuée cit v6i ndng do
theo huéng dan ciia ISO 14242-1 hodc pha loang dén
25% dé lam dung dich thir nghiém [8-11]. Dung dich
thir nghiém dugc thay sau mdi 300.000, 330.000 hoic
500.000 chu ky [8-11]. Nghién ctru nay st dung dung
dich huyét thanh bé méi sinh Sigma-N4762 (My) pha
lodng dén 25% trong nudc cat. Dung dich thir nghiém
nay duogc thay sau mdi 500.000 chu ky.

Hinh 2. May thtr nghiém mon.
2.4 Quy trinh thir mon

Quy trinh thir mon dwgc tién hanh theo tiéu
chudn ISO 14242-1, gdm cac budc co ban sau [7]:

1. Po thé tich ctia héc 16t trong khi thir mon.

2. Lam sach cac mau thur.

3. Lép mau thr 1én may thir mon.

4. Cap dung dich thir nghiém dé ngdm hoan toan
bé mit tiép xtic cta mau thr.

5. Khéi dong va diéu chinh may thir mon dé xac
dinh tai doc truc (3 kN) va cac chuyén dong goc. Ghi
lai cac chuyén dong goc va tai doc truc dang séng luc
khoi dong va sau mdi lan thay dung dich thir nghiém.

6. Van hanh may & tan s6 1 Hz+ 0,1 Hz.

7. Thém dung dich thir nghiém bi ton that do
bay hoi khi thir nghiém it nhit mdi ngay. Thay hoan
toan chét 16ng thir nghiém sau it nhat 5x10° chu ky.

8. Nging thir nghiém dé do mon sau mdi 1x10°
chu ky cho dén khi thir nghiém két thuc.

9. LAy mAu thir tir may thir mon va do d6 mon.

10. Sau khi do d6 mon, 1am sach cac mau thir va
cai dat lai may thir mon.

11. Tiép tuc thir nghiém cho dén khi mét trong
céc van d¢ sau xay ra: (a) hoan thanh 5 x 10° chu ky,
(b) niit v& hodc tach 16p cac bé mit chiu tai, (c) cac
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thong so tai va chuyén vi cia may thir mon vuot qua
dung sai cho phép.

Lap lai buéc 6 dén budc 11 cho dén khi thir
nghiém két thiic.

Khi thtr nghiém mon, 16t trong va chom dugc
lam sach va xur 1y theo hudng dan vé xur Iy mau néu
trong tiéu chuan ISO 14242-2.

2.5 Do dp mon
2.5.1 Phuong phap xac dinh do mon

Theo tiéu chun ISO 14242-2, @6 mon 16t trong
ciia KHTP ¢6 thé dugc do bang phuong phap trong
lwong hodc phuong phap thé tich. Phuong phap thé
tich dugc st dung rong rai hon so véi phuong phap
trong lwong do bén canh xac dinh thé tich mon thi
phuong phap thé tich con danh gia duge vét mon.
Nghién ciru nay ap dung phuong phap thé tich dé do
d6 mon 16t trong. Nguyén tic ciia phuong phéap thé
tich nhu sau [12]: dung may CMM dé 1ap ban dd bé
mit héc cua 16t trong cia KHTP trude khi bat dau thir
nghiém mon va tai cac thoi diém thich hop trong qua
trinh thtr nghiém. Tir dit liéu nay, sy thay ddi thé tich
gitra cac lan do duoc xac dinh. Nhu vay, theo ti€u
chuén nay, dé xac dinh luong mon, can phéi c6 hinh
hoc tham chiéu cua mau thir chra mon dung dé so
sanh voi hinh hoc méu thir da bi mon. Do d6 phan
hdc ctia miu thtr can dugce do thé tich trudce va sau khi
thir nghiém mon mét sé chu ky. Hai bo dir liéu do
lién tiép nhau s& dugc so sanh dé xac dinh dd6 mon
theo sb chu ky.

D6 mon cua 16t trong (AV,) dugc tinh theo thé

tich cua héc 16t trong khi thir mon (Vo) va sau khi thi
mon n chu ky (V,) nhu sau [12]:

AVa=V,-V, (D
2.5.2 Mdy CMM

Tiéu chuén ISO 14242-2 quy dinh may CMM
ding do dé 1ap ban db bé mat hbc cua 16t trong co do
chinh x4c 1a (4 + 4L/1000) um, v6i L 1a chiéu dai do,
hodc may c6 d¢ chinh xac cao hon [12]. Nghién ciru
nay su dung may CMM Beyond A504 (Mitutoyo,
Nhat Ban) dé do mon. May nay c6 do chinh xac 1a
(1,7 + 4L/1000) pm, d9 phan giai la 0,1 pm, duong
kinh dau do 1a 1,5 mm. Hinh 3 minh hoa viéc do bé
mit 16m cau ciia 16t trong trén may CMM.

2.5.3 Phwong phdp do va xir Iy s6 liéu

Tiéu chudn ISO 14242-2 dwa ra quy dinh do thé
tich hdc 16t trong trén may CMM nhu sau:

1. Lam sach miu do, bao quan miu & nhiét do
phong thi nghiém it nhat 48 gio.

2. Xac dinh diém géc toa d0 va mat phéng tham
chiéu trén mau do.

3. Po theo ludi dudng vién trén bé mat héc cua
16t trong. Pam bao rang khoang cach ludi khong 16n
hon 1 mm trong mit phing nim ngang.

4. Tinh thé tich héc cua 16t tron g.

Hinh 3. Do bé mit trong 16t trong trén may CMM.

Theo tiéu chuan nay, trudc khi tién hanh xac
dinh toa d0 cac diém trén mat hdc cua 16t trong, phai
thiét 1ap mat phang chuan XY, cac truc X, Y va gbc
toa do trén 10t trong. Trong nghién clu nay, mat
phang tai vung vanh phang cua 16t trong dugc dung
lam mat phing tham chleu (hinh 1). May CMM
Beyond A504, c¢6 phan mém MCOSMOS 2.3 kém
theo, dugc 1ap trinh dé thuc hién quét li€n tyc cac
duong do theo mat héc. Cac duong vién do theo
phuong v§ tuyén cua hdc (hinh 4) cich nhau mot
khoang 0,5 mm theo phuong thing ding (phuong
truc Z). Piém day héc ciing dugc xac dinh.

dirtrns quét

Hinh 4. Phuong cac dudng quét.

Dit liéu do cua tung dudng quét duoc luu trong
céc tap tin van ban chtra thong tin vé toado X, YvaZzZ
cua cac diém do. Dir liéu nay c6 thé duoc sir dung dé
tinh thé tich hdc cuia 16t trong bang cach sir dung phan
mém toan nhu Matlab [13], MathCAD [14] hoac
phin mém CAD thuong mai nhu Rhinoceros [15],
CADKEY [16]... Khi sir dung cac phan mém toan,
can phai xdy dung chuong trinh con dé mé ta mit tir
cac toa do diém do va tinh thé tich khong gian cua
héc. Viéc nay doi hoi ngudi tinh toan phai c6 ky ning
1ap trinh v&i phan mém twong Gng duoc sir dung. Khi
sir dung cac phin mém CAD thuong mai, qua trinh
xdy dung mat va tinh thé tich don gian hon.

Nghién ciu nay su dung phén mém Creo
Parametric 3.0 d¢ xay dung bé mat hoc cua 16t trong.
O day, dit liéu do cua ting duong quét duge chuyén
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sang dang tap tin vin ban c6 phin mé rong 1a “.pts”
dé tao cic duong cong trong khong gian. Tir cac
duong cong nay va diém day hdc, mo hinh CAD bé
mit héc cua 16t trong ¢6 thé duoc xdy dung (dung
1énh Boundary Blend va Merge). Bé mit nay dugc
lam kin va chuyén sang dang khdi (dung Iénh
Solidify) dé tinh thé tich. Hinh 5 minh hoa cac budc
co ban ciia quy trinh tao thé tich ctia hdc gdm: tao cac
diém chuan, tao duong cong, tao mat va hoa khdi.

c)

d)

Hinh 5. Cac budc tao thé tich 16m cua 16t trong tir dit
li¢u do trén may CMM.

3. Két qua va thio luin

Két qua do d6 mon cua chi tiét 16t trong sau 1, 2,
3,4 va 5 triéu chu ky 1n luogt 1a 29, 33, 28, 30 va 27
mm>. P mon trung binh cua 16t trong la 29,4
mm?/10® chu ky. Bang 1 so sanh do mon trung binh
cua 16t trong UHMWPE khi ma sat véi chom dudng
kinh 28 mm lam tir mot ) vat liéu khac nhau.

Bang 1. So sanh d mon cua 16t trong

Téc gia Vat  liéu Do mon,
chom mm?/10° chu ky

Nghién curu nay Ti-6Al-4V 29,4
Kaddick va Goém 22,5
Wimmer [8] BIOLOX

Smith va Unsworth | ZrO2 41,0

[19] CoCrMo 514
Barbour va ctv [20] | ZrO2 30,0
Halma va ctv [21] CoCr 31,0

Noi chung, d0 mon thé tich cua 16t trong bing
nhua polyethylen chii yéu phu thudc vao kich thuéce
va vat li¢u cia chom va 16t trong [17]. Khi ting
duong kinh chom tir 28 mm dén 36 mm, c6 thé ting
gap d6i do mon [18]. Trong cic nghién ctru [19-21],
khi str dung chom bang CoCrMo va ZrO,, gi4 tri mon
ctia 16t trong tir 30 mm?*/10° chu ky dén 51,4 mm?3/10°
chu ky. Kaddick va Wimmer [8] thir nghiém d§ mon
ctia 16t trong Plasmacup bang nhya UHMWPE (héng
Aesculapm, My) khi 1dp voi chom gdm BIOLOX-
forte (hang CeramTec, Puc) c6 duong kinh 28 mm.
Két qua thir nghiém mon cho thdy lugng mon cua 16t
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trong 1a 22,07 mg/10° chu ky, twong {mg voi 22,5
mm?/10° chu ky.

Nhu vy, tdc d6 mon cua 16t trong cua nghién
ctru nay thip hon tbc d6 mon cua cac nghién ciru [19-
21] nhung cao hon téc d6 mon trong nghién ciru [8].
So di c6 sy khac nhau nay la do tbc d6 mon cua 16t
trong con phu thudc yéu td nhu vat liéu lam chom,
trang thai bé mat tiép xtc cua chom va 16t trong va
dung dich tht nghiém. D6 mon dién hinh cua 16t
trong polyetylen khi lip v6i chom kim loai duong
kinh 28 mm trong khoang 20-150 mm?*/10° chu ky
[22]. Nhu vay, tdc do mon cua 16t trong cua nghién
clru nay 13 thip va nim trong dai tdc do mon dién
hinh cua cac 16t trong cing loai. Do d6, c6 thé nhan
dinh rang 16t trong cling nhu chém ciia nghién ctru
nay dugc thiét ké va ché tao voi ddc tinh mon cua bé
mat chiu tai twong ty nhu mot s6 san phém thuong
mai va san phim nghién ctru ciing loai.

Nghién ciru nay tuén thi theo quy trinh do thé
tich héc theo tiéu chuan ISO 14242-2. Tuy nhién tiéu
chuin nay chi quy dinh do kich thudc héc cua 16t
trong theo phuong vi tuyén khi do trén may CMM.
Do d6 md hinh CAD ctia mit héc cua 16t trong c6 thé
chua phan anh dung bé mat thuc cua nod, vi thé c6 thé
chua tinh toan chinh xac d6 mon. Pé nang cao do
chinh xac khi tai tao bé mat hdc cua 16t trong, cé thé
két hop do theo phuong vi tuyén va kinh tuyén cta
hdc nhu trong nghién ctru [12]. Ngoai ra, c6 thé thiét
1ap budc nhay theo chiéu truc Z 1a 0,25 mm khi do bé
mit hdc cua 16t trong trén may do CMM. Tuy nhién,
truong hop nay s& lam ting diém do va qua trinh xay
dung mé hinh CAD bé mat héc cua 16t trong sé€ tén
thoi gian hon. Mot s6 nghién ctru chi ra ring d6 chinh
xé4c bé nhat cuia may CMM khi do mon thé tich phai
1a 2 pm [23]. Trong nghién ctru ndy, véi chidu dai do
la 28 mm, khi d6 4§ chinh xac cua may CMM
Beyond A504 1a bé hon 1,9 um. Tuy nhién do CMM
6 thé co céc sai sb do chién lugc do, ra dau do, xac
dinh hinh hoc tham chiéu va tinh toan théng qua phin
mém. Cac sai s6 nay can dugc danh gia dé xac dinh
sai s6 ctia phuong phéap do.

4. Két luan va khuyén nghi

Thir nghiém mon chi tiét 16t trong ciia KHTP 1a
mdt thir nghiém quan trong dé c6 duoc nhing thong
tin hitu ich nhim hoan thién thiét ké KHTP. Bai bao
trinh by qua trinh thir nghiém mon chi tiét 16t trong
lam bang vt liéu nhua UHMWPE khi 13p véi chom
Ti-6Al-4V cua KHTP duoc ché tao tai Viét Nam.
Qua4 trinh thir nghiém mon va xéac dinh thé tich mon
cua 16t trong dugc thuc hién theo céc theo ti€u chuén
ISO 14242-1 va ISO 14242-2. Két qua do mon cho
thdy 16t trong c6 do mon thip va nam trong dai do
mon dién hinh cua cac 16t trong cing loai da dugc
cong bd. Bé nang cao dé tin cdy cua viée thir nghiém,
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cin tién hanh thu nghiém mon thém mdt $6 cap
chom-lot trong va can danh gia sai so cua phuong
phap do.
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