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ROOT CANAL LENGTH MEASUREMENT IN TRANSPARENT RESIN TOOTH
MODELS USING AN ENDODONTIC MOTOR WITH INTEGRATED ELECTRONIC
APEX LOCATOR IN 0.9% SALINE SOLUTION
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ABSTRACT

Objective: To evaluate the accuracy of apical foramen localization by the electronic apex
locator integrated into an Ai-Motor endodontic motor on transparent 3D-printed teeth in a 0.9%
saline environment.

Methods: Cone-beam computed tomography (CBCT) was used to scan three extracted human
premolars obtained from patients undergoing orthodontic treatment. Transparent 3D-printed
teeth with pre-prepared access cavities were placed in a transparent plastic container filled with
saline solution and mounted on the specimen stage of a microscope. An endodontic handpiece
equipped with a reciprocating instrument was rigidly fixed to the specimen stage of another
microscope. The instrument was introduced into the root canal of the printed tooth to locate the
apical foramen under two operating modes: automatic stop at the apical foramen and automatic
reverse rotation upon reaching the apical foramen. Differences in the position of the microscope’s
fine micrometer knob between measurements were recorded and compared. Bland-Altman plots
were used to assess the agreement between the two apex localization modes.

Results: There were no statistically significant differences in measurement outcomes between the
two operating modes, and no proportional or fixed bias was detected in the Bland-Altman analysis.

Conclusion: Apical foramen localization using both operating modes of the Ai-Motor can be
performed accurately on transparent 3D-printed teeth.
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TOM TAT
Muc tiéu: Xac dinh kha nang dinh vi 16 chép ctia may dinh vi 16 chép dién tir tich hop trong may noi
nha Ai-Motor trén rdng nhua trong sudt in 3D trong méi trudng nudec mudi 0,9%.

Phuong phap: CBCT dudc dung dé quét 3 rang c8i nhd da nhé & ngudi bénh cé nhu cau diéu tri
chinh hinh. Rang nhya in 3D d& dugc mé tly sdn dugc dat trong hdp nhua trong chita nudc mudi,
dugc dat trén mot ban chira mau cua kinh hién vi. Tay khoan néi nha gén dung cu quay qua lai dugc
gén chat vao mot ban chiva mau cua kinh hién vi khac, dung cu nay dugc dua vao trong 8ng tly
rang nhya dé tim dat vi tri tai 16 chép & hai ché do: tu dong dirng va tu déng quay ngugc lai khi dén
16 chép. Khac biét vi tri ctia ntim xoay vi c&p clia kinh hién vi gita cac lan do dugc ghi lai va so sanh.
Biéu dd Bland-Altman dugc st dung dé tim sy thdng nhat gitra cdc ché do dinh vi 16 chép.

K&t qua: Khéng c6 su khac biét c6 y nghia thong ké vé két qua do dac gilra hai ch& dé van hanh va
khéng cé céc sai sd ty & cing nhu sai s6 ¢d dinh trong phén tich Bland-Altman.

K&t luan: 16 chép dugc xac dinh bang hai ché dé ciia may c6 thé dugc thuc hién chinh xac trén rang

nhya trong sudt.

Tir khéa: may dinh vi 16 chép dién t, rang nhuya, chidu dai 8ng tdy.

1. GIOI THIEU

Muc tiéu cua sira soan hé thong ong tly la loai bo toan
bd thanh phan t8 chirc trong 8ng tly va tao diéu kién
thuén lgi cho qua trinh lanh thuong moé quanh chodp.
Viéc xac dinh chinh xac chiéu dai lam viéc clia 6ngtlay la
diéu kién tién quyét dé dam bao céac thao tac can thiép
trong qua trinh diéu tri dugc thuc hién hoan toan trong
gigi han cla hé théng 6ng tly, t do gop phan quyét
dinh hiéu qua cua giai doan s(ta soan hé théng nay (1,
2). Truyén théng, phim X quang quanh chép dugc (ng
dung réng rai nhu tiéu chudn vang trong xac dinh chiéu
dai lam viéc va danh gid cau tric giai phau cua chan
rang cing nhu hé thong ong tdy. Tuy nhién, ca phim X
quang truyén théng lan hinh anh s6 hda chi cung cép
hinh 4nh hai chiéu clla mét cdu trdc ba chiéu, do dé
khéng phan anh day du chi tiét giai phau va cac yéu t8
hinh hoc lién quan. Bac biét, trong nhirng truong hgp
16 chép khéng md ra tai dinh chép giai phau hodc mé
léch theo chiéu ma - ludi, phim X quang quanh chép
khé cé thé do chinh xac chiéu dai lam viéc do khong
quan sat dugc dau dung cu tai vi tri vién ngoai clia chan
r&ng trén phim. Trong céc tinh huéng nay, may dinh vi 16
chép dién tir hién dai chirng to tinh hiéu qua cao, véi do
chinh xac do dugc trén 90% trong cac diéu kién khao
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s&t (2-5). Su'tich hgp may dinh vi 16 chép dién tir vao hé
théng may ndi nha trong nhirng nam gan day da nang
cao db chinh xac va tinh hitu dung trong do chiéu dai
ong tiy. Dong thai, do nhitng han ché trong sir dung rang
that da nhd cho nghién cltu in vitro — bao gom khé khan
vé dao duc, tinh déng nhat ciia mau va sy khan hiém
- rang nhua trong sudt in 3D ngay cang trd thanh mau
nghién clu thuan tién nhd dé quan sat, dé dong nhat
va dé tai tao. Dung dich nudc mudi sinh ly la mét loai
maéi trudng dan dién t8t, phu hgp cho cac nghién clru st
dung may dinh vi 16 chép dién tlr. Nghién cu nay nham
danh gia tinh chinh xac va dd tin cay cia mot may noi
nha Ai-Motor (Gullin Woodpecker Medical Instrument,
Guangxi, China) tich hgp may dinh vi 16 chép dién t khi
do chiéu dai 6ng tay trong moi trudng dung dich NaCl,
str dung 30 rang nhya trong sudt ¢ hai ché do van hanh:
ché d6 tu dong quay ngudc va ché dé tu dong dirng khi
dén 16 chop.

2. PHUONG PHAP

Nghién cru dugc thyc hién trén co s& di liéu hinh anh
chup cat l&p chum tia hinh nén (CBCT) clia ba rang céi
nho & ngudi trudng thanh. Cac rang nay dugc thu nhan
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tlr nhirng bénh nhan c6 chi dinh diéu tri chinh hinh rang
mat, trong do viéc nhé rang c6i nho la mét phan cla ké
hoach diéu tri. D&t liéu CBCT sau khi thu thdp dugc xir
ly bang phan mém chuyén dung nham tai tao hinh thai
giai phau ba chigu cua tiing rédng, bao gom toan bd cau
trac than rang, chan rédng va hé thong 6ng tiy. Cac mo
hinh s8 nay dugc chinh stra dé tao 16 md& budng tly phu
hop, phuc vu cho qué trinh ché tao mau rang bang cong
nghé in 3D.

T ba mau rang c8i nhd ngudi that da nhé, téng cong
30 mau rang nhya trong sudt dugc san xuéat, trong dé
mbi mau rang ngudi dugc st dung dé tao ra 10 mau réng
nhua. Qua trinh ché tao dugc thuc hién theo mot quy
trinh chuédn héa, ddm bao tinh déng nhat vé hinh thai
va kich thudc gitta cac mau trong ciing nhém. & giai
doan hoan thién, cdc mau rdng nhua dugc ngdm trong
dung dich glycerine trong mot khoang thoi gian xac dinh
nhdm dat dugc d6 trong subt can thiét, tao diéu kién
thuan lgi cho viéc quan sat va kiém soat vi tri dung cu
trong 6ng tay.

Mét hdp nhua théng dung dung dé bao quan thuc pham
dugc cai bién va sir dung nhu mét bé chira dung dich
nudc mudi sinh ly 0,9%, dong thdi lam gia d& cho céc
mAu rang nhya trong qua trinh thi nghiém. Cdc mau rang
dugc ¢ dinh bang phan ndp hép dugc thiét ké riéng,
dam bao réng duoc gilt virng chic va khéng xay ra hién
tuong dich chuyén khi thao tac. Hé théng nay cho phép
moé phdng moi trudng thao tac ndi nha trong diéu kién
phong thi nghiém.

Tay khoan ctia may noi nha cé tich hgp may dinh vi 16
chép dién t&r duoc gan c8 dinh trén ban gitr mau cla kinh
hién vi quang hoc (Olympus, Tokyo, Japan). Viéc c¢6 dinh
nay cho phép kiém soat chinh xac céc chuyén déng cua
tay khoan théng qua co ché vi dich chuy&n bang 6c van
vi cdp. Dung cu WaveOne Gold Primary (Dentsply Sirona,
Maillefer, Baillaigues, Switzerland) dugc dua vao trong
ong tay va tién dan vé phia chép rang cho dén khi may
dinh vi 16 chép phét tin hiéu Am thanh béo hiéu dat dén vi
tri “l6 choép”. Vi tri nay dudc ghi nhan théng qua thang do
clia hé théng vi cap.

Su'sai khéc gitra cac lan xac dinh vi tri 16 chép ctiia dung cu
trong tirng mau rang dugc thu thap va téng hop dé phan
tich. Cac dir lieu nay dugc x{r ly bang phan mém théng
ké MedCalc phién ban 23.4.5 (MedCalc Software Ltd,
Ostend, Belgium). Mlc y nghia théng ké dugc lwa chon
cho nghién cu la 0,05. P& danh gid mic do tuong hop
gitra cac ché dé dinh vi 16 chép khac nhau cGia motor noi
nha Ai-Motor, biéu dd Bland-Altman dugc st dung, qua
do cho phép phén tich sy thdng nhét gitra cac phép do
trong diéu kién thi nghiém.

3. KET QUA

Bang sau trinh bay muic thong nhéat gilta hai ché d6 xac
dinh vi tri 16 chép clia méy ndi nha cé tich hgp may dinh vi
16 chop dién tur.
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Bang 1. Murc théng nhat khi dinh vi 16 chép trong trang
thai ddng ctia dung cu, & hai ché& dé khac nhau: dirng lai
hoac quay ngugc khi dén vi tri ciia may néi nha Ai-Motor

S8
Ché dd tu quay l:gir:gg
Tham sé nguwoc so véity | Dungdich
dirng khi dén chép nhua
trong
sudt

Trung binh khéac biét 1,3000

95% khodang tin cay

clia trung binh -3,6888 -6,2888

Han dudi ctia murc

théng nhat ~24,8859

95% KTC cua LLoA |-33,5079 --16,2638

Han trén ctia mic

théng nhat 27,4859
95% KTC ctia ULoA | 18,8638 - 36,1079 | Nudc mudi
S 30
- sinh ly 0,9%
Murcy nghia (t bat cap) 0,5981*
Murc y nghia .
(tuong quan) 0,1905
Hé sé lap lai 25,8715

: —
95% KTC cUahest | 54 6742-34,5818

lap lai
Saisétylé Khéng
Sai s6 ¢8 dinh Khéng

KTC: Khoang tin cay

LLoA: Lower Limit of Agreement

ULoA: Upper Limit of Agreement

*P>0,05: Khédc biét khéng c6 y nghia théng ké

Nhu vay, trong moi trudng nuwde mudi sinh ly 0,9%, hai ché
dé dinh vi 16 chép dién t& ctia may ndi nha cé muc théng
nhéat cao, c6 thé sir dung thay thé cho nhau. Néi mét cach
khac, kha nang dinh vi 16 chép clia may & hai ché dé quay
ngugc va dung lai tai chép la tuong tu nhu nhau.

4. BAN LUAN

Viéc st dung rang ngudi da nhé trong cac thi nghiém do
chiéu dai 6ng tly da dugc chirng minh mang lai két qua
dang tin céy va c6 do chinh xac cao trong nhiéu nghién
clu trude day (1, 2, 5, 6). Mac du khéng con nam bén
trong xuong ham, rang ngudi da nhé van cho phép may
dinh vi 16 chép dién ttr xac dinh chinh xac vi tri chép cula
dung cu khirang dugc dat trong moi trudng dung dich dién
phén, v&i hau hét cac dung dich bom rlra ndi nha thong
dung. Do dé, rang ngudi da nhd tir lAu dugc xem la chuén
vang trong cac nghién clu in vitro vé xac dinh chiéu dai
lam viéc cua 8ng tdy. Tuy nhién, viéc st dung loai mau nay
ngay cang gap nhiéu han ché do tinh khong dong nhat vé
hinh thai giai phau, sy khan hiém ngudn mau, cing nhu
céc van dé lién quan dén dao dirc nghién cltu y hoc. Rang
ngudi da nhd thudng dugc thu thap tir nhidu ngudn khac
nhau; do dé, cac y&u t6 nhu do tudi, tinh trang rang va tién
sr bénh ly—nhirng yéu t6 c6 kha nang anh hudng dang ké
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dén cAu truc va dac tinh moé rang—trd thanh céc bién sé
kho kiém soat va khé ddng nhat. Tinh trang nay cang trd
nén rd rét trong bGi cdnh hé théng ngan hang rang nguoi
da nhé tai Viét Nam hién chua duoc thiét lap. Ngay ca déi
véi cac nghién clu in vitro cé thiét ké twong doi don gian,
yéu cau déi véi mau rang van rat nghiém ngét, bao gom
rang con nguyén ven, cling loai rédng, chua tirng dugce digu
tri ndi nha, c6 hé théng dng tiy khéng qua phurc tap (vi du
khong phai rang khon) va chan rang da déng chép hoan
toan. Nhirng tiéu chi nay hién nay rat khé dugc dap ung
mot cach day dd va déng bo (7).

Ngoai ra, nguy cod nhiém ban mau rang & moét van dé
kho kiém soét, do rang da nhd vén 1a 6 chira vi khuén va
khéng thé duoc lam sach hoan toan bang cac dung dich
st khudn théng thudng nhu sodium hypochlorite hay
hydrogen peroxide. Ban than mau rang ciing cé thé bij tén
hai trong qua trinh v6 trung va bao quan. Mot s6 nghién
ctu cho thdy kha ndng khang gay clia rang c6 thé suy gidm
sau céc quy trinh vd triing, va hién tugng nay cling c6 thé
xay ra khi rang dugc luu trit trong diéu kién kho. Hon nira,
viéc chuan biva luu trif mau réng ngudi da nhé 14 mot quy
trinh phic tap va kém thuén tién, do thudng phai thuc
hién trong moi trudng c6 mui kho chiju, gay nhiéu bat tién
cho qua trinh nghién ctu (7).

Viéc xac dinh khoang cach tir dau tram dén 16 chép dugc
thuc hién thuén Lgi théng qua do dac truc ti€p trén phan
meém, vdi thudec do dugc hién thi ngay trén hinh anh thu
nhéan, dong truc vdi vi tri chan rang nhya trong hop chira
dung dich chlorhexidine. Phuong phap nay thé hién su
khac biét ré rét so vdi cac phuong phap truyén théng, vén
dua trén viéc do tryc tiép chiéu dai clia trdm va so sanh
véi chiéu dai 6ng tuy duoc xac dinh trude doé (1, 2, 5).

Co sd ly thuyét cho viéc s dung rang nhuya trong sust
trong do chiéu dai 6ng tly dua trén tinh chat cach dién clia
vat liéu nhuya, tvong ty mo rang tu nhién, tao nén mot hé
théng ma cau tric rang, 6ng tliy va méi trudng xung quanh
hoat déng nhu mét tu dién — nguyén ly nén tang ctia may
dinh vi 16 chép dién tir (8, 9). Pay cling |13 mét trong nhitng
nghién clru dau tién khao sat hoat déng clia may ndi nha
tich hgp dinh vi 16 chép dién tir trong didu kién dong. Nha
d&c tinh trong sudt ctia mé hinh rdng nhya, chuyén déng
clia dung cu trong 6ng tly c6 thé dugc quan sét truc ti€p
va ghi hinh dé phan tich.

Trong nhitng ndm gan day, rang nhya in 3D da dugc Ung
dungréng rai trong giao duc va dao tao nha khoa (10). Cac
md hinh nay thudng dugc ché tao dua trén dit liéu quét
CBCT clia r&ng ngudi da nhé, sau doé dugc xi¥ ly bang phan
mém dé diéu chinh hinh thai ba chiéu phu hop véi muc
tiéu s dung. VAt liéu in c6 thé 1a nhua duc hoac nhua
trong suét. Sau qua trinh in, m6 hinh rang thudng dugc
quang trung hop trong hop chiéu sang dé hoan tat phan
ing polymer héa, ti€p theo la lam sach bang bon siéu am
chra c6n néng dé cao. Tuy nhién, quy trinh nay thudng
lam gidm dé trong sudt ctia md hinh. Trong nghién clru
nay, viéc sir dung glycerin nham bao tdn dé trong suét clia
rang nhyua duge xem la moét caitién dang ké. Nhuya in trong
sudt cho phép tao ra cac mé hinh rat pht hgp cho dao tao

giai phau hé théng 6ng ty cling nhu cac thu thuat doi hoi
tinh tryc quan cao nhu do chiéu dai 6ng tly, sira soan va
tram bit 6ng tuy.

Méc du ¢6 nhiéu wu diém, han ché dang ké nhéat clia rang
nhua hién nay |4 dé ciing cla vat liéu van chua dat dén
mot ntra dé cling cla nga chan rang tu nhién. Diéu nay
lam han ché viéc st dung rang nhya trong cac thu thuéat
nhu stra soan 6ng tly, md tdy va mot s6 cac thu thuat
phuc héi khac.
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