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ABSTRACT

Objective:This study aimed to investigate the accuracy and reliability of an electronic apex locator
integrated into the Ai-Motor endodontic motor when used on transparent 3D-printed teeth in a
chlorhexidine solution environment.

Methods:Three extracted human premolars obtained from patients indicated for orthodontic
extractionwere scanned using cone-beam computed tomography (CBCT). Based onthese datasets,
ten transparent 3D-printed tooth models were designed and fabricated, with access cavities pre-
prepared using dedicated software. The printed teeth were placed in a transparent container filled
with chlorhexidine solution and fixed on the specimen stage of an optical microscope. A WaveOne
Gold instrument (Dentsply Sirona, Maillefer, Switzerland) mounted on the handpiece of the Ai-
Motor was rigidly fixed to a separate microscope stage and introduced into the root canal to locate
the apical foramen under two operating modes: automatic stop at the apex and automatic reverse
rotation upon reaching the apex. Changes in the position of the microscope’s fine micrometer
knob between measurements were recorded and compared. Agreement between the two apex
localization modes was assessed using Bland-Altman analysis.

Results:Both operating modes demonstrated a high level of agreement, with no evidence of fixed
or proportional bias. The presence of chlorhexidine solution did not adversely affect the accuracy
of apex localization.

Conclusion:The electronic apex locator integrated into the Ai-Motor endodontic motor provides
accurate and reliable apical foramen determination on transparent 3D-printed teeth in a
chlorhexidine solution environment.
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TOM TAT
Muc tiéu: Nghién cttu dugc thuc hién nhdm khao st dd chinh xac va tinh ldp lai ctia hé théng dinh

vi 16 chép dién tir tich hgp trong may ndi nha Ai-Motor khi trng dung trén méd hinh rang nhya trong
sudt in 3D, trong diéu kién moi trudng dung dich chlorhexidine.

Phuong phap: Ba rang c8i nhé ngudi da nhé, thu thap tir cdc bénh nhan cé chi dinh nhé rang trong
diéu tri chinh hinh, dudc quét ba chiéu bang cone-beam computed tomography (CBCT). T di
liéu nay, mudi mo hinh rang nhya trong sudt in 3D dugc thiét k& va ché tao, véi xoang md tay dugc
chuan bi s8n bang phan mém chuyén dung. Cac mau rang nhua dugc dat trong hép nhuya trong
chtra dung dich chlorhexidine va c6 dinh trén ban chita mau cua kinh hién vi quang hoc. Dung cu
WaveOne Gold Primary (Dentsply Sirona, Maillefer, Switzerland) dugc gan vao tay khoan néi nha
clia may Ai-Motor va c6 dinh trén mét hé théng kinh hién vi riéng biét, sau dé dugdc dua vao 6ng tay
dé xac dinh vi tri 16 chép & hai ché& dé van hanh: ché d6 tu déng dirng va ché dé tu dong quay nguoc
khi dung cu dat dén chdép. Su thay déi vi tri clia nim xoay vi cap cua kinh hién vi gitta céac lan do
dudc ghi nhan va dung lam cd sd so sanh. Phuong phap phan tich Bland-Altman dudc ap dung dé
danh gia mirc d6 théng nhat gitra hai ché dé dinh vi chdp.

K&t qua: K&t qua phéan tich cho thay hai ché dé van hanh ctia may c6 mic dé phu hgp cao, khéng
xuat hién sai s6 c6 dinh hay sai s6 ty &, dong thoi khéng ghi nhan anh hudng dang ké ctia dung dich
chlorhexidine dén két qua do.

K&t luan: May dinh vi 16 chép dién ttr tich hgp trong may ndi nha Ai-Motor cho kha nang xac dinh vi
tri 16 chép véi d6 chinh xac cao va do tin cay tot trén rang nhya trong sudt in 3D trong méi trudng
dung dich chlorhexidine.

Tir khéa: may dinh vi 16 chép dién t, rang nhya trong suét, chigu dai 6ng tay, in 3D

1. GIOI THIEU

Xac dinh chinh xac chiéu dai 6ng tay la mot bude then chét
trong diéu tri n6i nha, cé vai tro dinh hudng toan b6 qua
trinh stra soan, lam sach va tram bit hé théng 6ng tly. Viéc
thiét lap chiéu dai 6ng tdy phlu hgp gitip gidi han céc thao
tac can thiép trong pham vi mo rdng can diéu trj, dong thai
giam thiéu nguy cd tén thuong mé quanh chép va céc bién
chirng sau diéu tri. Do do, do chinh xac va do tin cdy cla
céc phuong phap xac dinh chiéu dai éng tay luon & maoi
guan tam l&n trong thuc hanh va nghién ctfu ndi nha (1, 2).

*Tac gia lien hé

Phim X quang quanh chép tir lau da dugce sir dung phd bién
dé hé trg xac dinh chiéu dai 6ng tdy. Tuy nhién, do ban chat
& hinh &nh hai chiéu ctia mét c4u trac giai phau ba chiéu
phirc tap, X quang quanh choép cé nhitng han ché nhat
dinh, d&c biét trong cac trudng hgp 16 chép khéng trung
vdi dinh chép giai phau hoéac léch theo huéng ngoai-trong
hay ma-lugi. Trong nhitng tinh huéng nay, viéc xac dinh
chinh xac vi tri dau dung cu trén phim c6 thé gap nhiéu kho
khan, lam giam do tin cdy clia phuong phap.
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Su'ra doi ctia may dinh vi 16 chép dién ttr dd md ra mot hudng
ti€p cén khéc trong xac dinh chiéu dai 6ng tly, dua trén cac
déc tinh dién hoc cua hé théng 6ng tdy va moi trudng xung
guanh. Nhiéu nghién ctru da ghi nhan do chinh xac cao cua
thiét bj nay trong cac diéu kién lam sang va in vitro khac nhau
(1, 3, 4). Gan day, viéc tich hop may dinh vi 16 chép dién tor
truc ti€p vao may ndi nha da gép phan cai thién tinh thuan
tién va kha nang lap lai cua quy trinh xac dinh chiéu dai 6ng
tly, dac biét trong cac ché& dé van hanh déng cla dung cu.

Song song vdi su phat trién cua thiét bi, van dé lwa chon mo
hinh nghién cu phu hgp cho céc thr nghiém in vitro cling
ngay cang dugc quan tdm. Viéc st dung rang ngudi da nhé,
du c6 gia tri tham chiéu cao, dang déi mat vdi nhiéu han
ché lién quan dén dao dlc nghién cltu, tinh khéng dong
nh&t vé hinh thai gidi phau va su khan hiém ngudn mau.
Trong b&i cdnh dé, cac md hinh rang nhua trong sudt in 3D
dugc phat trién nhu mot giai phéap thay thé tiém nang, cho
phép tai tao hinh thai giai phdu mot cach cé kiém soat,
dong thoi tao diéu kién thuan loi cho viéc quan sat truc tiép
va phéan tich chuyén déng cuia dung cu trong 8ng tuy.

Bén canh md hinh rang, moéi truong dung dich bao quanh
chan rang ciing 1a yéu t6 c6 thé dnh hudng dén hoat dong
clia may dinh vi 16 chép dién tl. Trong khi dung dich nuéc
mudi sinh ly thudng dugc str dung nhu méi trudng dan dién
chuén trong céc nghién cltu, chlorhexidine lai la dung dich
bom r&ra dugc irng dung réng rai trong lam sang nha dac tinh
khang khuén kéo dai. Tuy nhién, cac di liéu vé anh hudng
clia dung dich chlorhexidine dén do chinh xac ctia may dinh
vi 16 chép dién tlr, dac biét khi thiét bi dugc tich hgp trong
may ndi nha va hoat déng & ché& dé dong, van con han ché.

Xuét phat tir nhirng co sd trén, nghién ctru nay dugc thuc
hién nhdm danh gia dé chinh xac va dé tin cay clia may
dinh vi 6 chép dién tirtich hgp trong may ndi nha Ai-Motor
khixac dinh chiéu dai 6ngtly trén mé hinh rang nhyra trong
su6t in 3D, trong méi trudng dung dich chlorhexidine, &
hai ché& dé van hanh dinh vi 16 chép khac nhau.

2. PHUONG PHAP

D liéu hinh anh ba chiéu cuia ba rang c6i nhod ngudi trudng
thanh dugdc thu nhan bang phuong phap cone-beam computed
tomography (CBCT). Céac rang nay dugc |dy tir nhitng bénh
nhan c6 chi dinh nhé rang phuc vu diéu tri chinh hinh ring mat.
Tirdirliéu CBCT ban dau, hinh thai ba chiéu cuia tirng rang dugc
Xt ly va chinh sira bang phan mém chuyén dung nhdm tao sén
xoang md tly, bao dam phu hgp cho viéc xac dinh chiéu dai
8ng tly sau khi mé hinh dugdc ché tao bang cong nghé in 3D.

Trén cd's& moi rang ngudi da nhd, mudi mé hinh rang nhya trong
sudt in 3D dugc thiét k& va san xuat, tao thanh ba nhém mau
tuong ing vai ba rang c8i nho ban dau, véi tdng s6 30 rang nhua
trong suét in 3D dugc dua vao nghién ciru. Cac mé hinh rang
nhua dugc ché tao theo quy trinh tiéu chuén clia céng nghé in
3D. Sau khi hoan tat qué trinh in va x( ly hau in, cac mau dugc
ngam trong glycerin & budc cudi cung nhdm duy triva ti uu hda
dé trong suét clia vat liéu, tao diéu kién thuan lgi cho viéc quan
sét truc tiép vi tri va chuyén déng clia dung cu trong 8ng tuy.

M6t hép nhya trong subt thudng dung dé bao quan thuc
pham dugc strdunglam bdn chira dungdich Chlorhexidine,
dong thoi la gida d& cho cac mé hinh rdng nhua trong sudt
in 3D. Cac mAu rang dugc c6 dinh bing mot nap gitr duoc
thi€t k& phu hgp, bao dam cac mo hinh khéng bi dich
chuyén trong suét qua trinh thao tac va do dac. Tay khoan

clia may ndi nha tich hgp may dinh vi 16 chép dién tir Ai-
Motor dugc gan cé dinh trén ban chira mau cda kinh hién
vi quang hoc. Cach bé tri nay cho phép tao ra céc vi dich
chuyén chinh x4c clia tay khoan théng qua nim xoay vi cap
cua kinh hién vi trong qua trinh dua dung cu vao 8ng tuy.

Dung cu WaveOne Gold Primary (Dentsply Sirona, Maillefer,
Switzerland) dugc gan vao tay khoan va dua dan vao éng tly
clia mé hinh rang nhya cho dé&n khi may dinh vi 16 chép dién
tlr phat tin hiéu am thanh bao hiéu dung cu da dat dén vi
tri 16 chép. Quy trinh xac dinh vi tri 16 chép duoc thuc hién
l&p lai theo hai ch& d6 van hanh ctia may ndi nha: ché do ty
dong dirng va ché do tu déng quay nguodc khi dung cu dat
dén 16 chép. Sy thay ddi vi tri clia nim xoay vi cap gilra cac
lan do, cling nhu khoang céch tir dau dung cu dén 16 chép
trén mo hinh rdng nhua, dugc ghi nhadn mot cach hé thong.
Dit liéu thu thap dugc x(r ly va phan tich bang phan mém théng ké
MedCalc phién ban 23.4.5 (MedCalc Software, Ostend, Belgium).
Phan tich Bland-Altman dugc stf dung dé danh gia mdc do théng
nhat gitra hai ché d6 xac dinh vi tri 16 chép. Cac phép phan tich
théng ké dugc thuc hién véi mirc y nghia dugc thiét 1ap & 0,05.

3. KET QUA

K&t qua cua phuong phap Bland-Altman dugc trinh bay
trong bang 1, thé hién c4c tham s8 clia biéu d6 va cac gia
tri P ctia phan tich hoi quy va dé déc clia dudng bidu dién.
Bang 1. M(rc théng nhat gitra hai ché do6 xac dinh 16 chép
clia may ndi nha Ai-Motor trong dung dich chlorexidine
thir nghiém trén 30 rang nhya trong suét.

S6 lugng
Ché do tu quay rang
Tham sé ngugc so véi ty Dung dich nhua
dirng khi dén chop trong
suét

Trung binh khac biét -0,2667

95% khoang tin cay clia

trung binh -3,4350to0 2,9017

Han dudi cla

muc théng nhat -16,8973

95% KTC cutia LLoA -22,3732t0-11,4214

Han trén cua

muc théng nhat 16,3640
Chlorhexidine 30

95% KTC cuia ULoA 10,8881 10 21,8398

Murc y nghia (twong quan) 0,1834*
Mrc y nghia (t bét cap) 0,8645*
Hé s6 lap lai 16,3594

95% KTC clia hé s lap lai|13,0730t0 21,8672

Saisdtylé Khéng

Sai sé ¢ dinh Khéng

*P >0,05: Khdc biét khéng cd y nghia th6ng ké

Nhu vay, khong cé sai s6 ¢8 dinh lan sai s6 ty & trong x4c dinh
muic théng nhat gitra hai ch& dé dinhvi 1 chép clia cing mot loai
dong co ndi nha trong cung méi truong dung dich chlorhexidine.
Bang sau trinh bay két quéa cla viéc so sanh gilra cac
nhém réng tao ra tir cdc mau khac nhau so sénh hai ché
dé xac dinh 16 chép 6ng tuy.
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Bang 2. Do kién dinh cla tirng ché& dé do cliia may trong
dung dich Chlorhexidine.

R Téng Po Ty suat | Mirc y nghia
Chédo |LeveneP| . \ hwong| tudo F P
Quay
ngugc khi | 0,931 | 1845,8667 29 1,310 0,286
dén chop
Dungkhi | 5o3 | 2526,9667 29 2,524 0,099*
dén chop

Levene P: muc y nghia cta kiém dinh phuong sai

*P > 0,05: Khdc biét khong cé y nghia théng ké (ANOVA
mét chiéu)

Nhu vay, khéng cé su khéac biét cé y nghia thong ké gilra
hai ch& d6 dinh vi 16 chép clia may Ai-Motor trong méi
trudng dung dich chlorhexidine.

4. BAN LUAN

K&t qua clia nghién clru cho thay hai ché& dé van hanh cua
may ndi nha Ai-Motor tich hop may dinh vi 16 chép dién ter
- ché& do ty dong dirng va ché dé tu dong quay ngugc khi
dung cu dat dén 16 chép — cé mirc do théng nhat cao khi
dugc st dung trong moi trudng dung dich chlorhexidine.
Phan tich Bland-Altman khong ghi nhan sy hién dién clia
sai s6 ¢8 dinh ho&c sai s6 ty |8, cho thay dd tin cay t8t clia
hé théng dinh vi trong ca hai ch& do van hanh.

M6t trong nhirng diém dang chu y clia nghién cifu nay
la viéc s&r dung dung dich chlorhexidine lam moi truong
th&r nghiém. Khac vdi nudc mudi sinh ly, chlorhexidine c6
dac tinh héa hoc va dién hoc khéac biét, ddng thai thudng
dugc s dung trong thuwc hanh ndi nha nhd kha nang
khang khuan kéo dai (5). K&t qua thu dudc cho thay dung
dich chlorhexidine khéng lam suy giam dé chinh xac cta
may dinh vi 16 chép dién tl trong diéu kién thi nghiém,
g0i y rang thiét bi co thé hoat déng 6n dinh ngay ca trong
cac moi truong dung dich bom rira khéng phai la nudc
mudi sinh ly.

Viéc ap dung mo hinh rang nhuya trong suét in 3D cho
phép nghién ctru kiém soat tét cdc yéu t8 hinh thai giai
phau clia hé théng 8ng tly, déng thdi tao diéu kién quan
séat truc tiép chuyén dong clia dung cu trong qué trinh xac
dinh chiéu dai 6ng tay. So vdi rang ngudi da nhé, mé hinh
nay giup giam thiéu sy bién thién khéng kiém soat dudgc
gita cac mau, t¥ dé nang cao tinh ap lai clia phép do
(2, 4). Ngoai ra, tinh trong suét clia vat liéu con cho phép
ghi nhan truyc quan mai twang quan gilra tin hiéu clia may
dinh vi 16 chép va vi tri thuc t& ctia dung cu trong 8ng tly.

Tuy nhién, can lvu y rang rdng nhua in 3D van ton tai
nhitng han ch& nhat dinh, d&c biét lién quan dén dac tinh
cd hoc cuia vat liéu (6). D6 clirng clia nhua in hién nay thap
hon dang ké so vdi nga réng tu nhién, diéu nay co thé anh
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huéng dén hanh vi clia dung cu trong cac thao tac xadm l&an
sau nhu stra soan 8ng tly. Do dé, két qua clia nghién clru
nay can dugc dién giai trong béi canh clia mét mé hinh in
vitro va khéng thé thay thé hoan toan cho céac diéu kién
l&m sang thuc té.

Mot han ché khac ctia nghién ctru la viée chi khao sat mot
loai dung dich bom rira va moét hé théng may néi nha tich
hap dinh vj 16 chép dién ti. Cac nghién cliu tiép theo co
thé ma réng so sanh gilta nhiéu loai dung dich khac nhau
hoac danh gia anh hudng clia cac ché do van hanh dong
khac dén dé chinh xac ctia may dinh vi 16 chép.

Mac du con ton tai nhirng gidi han nhat dinh, két qua cua
nghién ctu nay cho thay may dinh vi 16 chép dién tur tich
hgp trong mdy noéi nha Ai-Motor c6 kha nang xac dinh
chiéu dai 6ng tuy vdi do chinh xac va do tin cay cao trén
m& hinh rdng nhyra trong sudt in 3D trong moi trudong dung
dich chlorhexidine. Nhitng phat hién nay gép phan cung
cép thém bang ching thu'c nghiém cho viéc 'ng dung céac
thiét bi trong cac diéu kién bom rira khac nhau, dong thai
m& ra hudng nghién clru tiép theo vé t6i wu hda mé hinhin
vitro trong dao tao va nghién ctfu ndi nha
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