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PANH GIA PO TUONG PONG GIT'A HAI PHUONG PHAP PO
KiCH THIO'C CUNG RANG TREN MAU HAM SO HOA VA MAU HAM IN 3D

Trwong Hoang Lé Thuy?", Vé Trwong Nhw Ngoc?
Tém tat
Muc tiéu: Panh gia do tin ciy va mirc do twong déng giira hai phwong phap do
kich thuéc cung rang. Phwong phdp nghién civu: Nghién ctru mo ta trén 40 miu
ham s6 hoa va 40 mau ham in 3D (dwoc in tlr thang 3/2025 - 01/2026) tir cing mot
ngudn dir liéu quét trong miéng. Thwc hién phép do trén mau ham sé héa bing phan
mém Medit Ortho Simulation va phép do trén mau ham in 3D bang thuéc kep dién
tir Mitutoyo. Cac kich thwéc do gobm: Chiéu réng lién nanh, chiéu rong lién c6i, chiéu
dai cung ring truwéc va chiéu dai cung rang sau. Két qua: Khong c6 sw khac biét cé y
nghia gitra cac kich thwdc trén hai loai mau ham (p > 0,05), trir chiéu dai cung rang
truedrc ham duwdi. C6 moi twong quan tuyén tinh rat manh gitra hai phép do (r>0,977;
p <0,001).1CC(2,1) > 0,9 (p < 0,001) cho thdy sw twong déng va dé tin ciy cao giira
hai phwong phap do. Phén tich Bland-Altman cho thiy sai s6 hé thong rit nho
(ttr 0,02 - 0,19mm) va gi¢i han dong thuin (limits of agreement - LoA) trong khodng
tr -0,91 dén +1,28mm véi khoadng tin cidy 95%. Két ludn: Phwong phap do kich
thwéc cung rang bang phan mém trén mau ham s6 héa va bang thudc kep dién tir
trén mau ham in 3D dat d tin ciy va do twong dong cao. Sau 9 thang lwu trit, ca hai
loai mau ham duoc tao tir cling dit liéu quét c6 thé thay thé cho nhau.

Tir khéa: Kich thuéc cung rang; Do twong dong; Mau ham s6 héa; Mau ham in 3D.

EVALUATION OF THE AGREEMENT BETWEEN TWO METHODS
FOR MEASURING DENTAL ARCH DIMENSIONS
ON DIGITAL AND 3D-PRINTED MODELS

Abstract

Objectives: To evaluate the reliability and agreement between the two methods of
dental arch dimension measurements. Methods: A descriptive study was conducted on
40 digital models and 40 3D-printed models (printed from March 2025 to January 2026),
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derived from the same intraoral scan data. Measurements on digital models were
performed using Medit Ortho Simulation software and on 3D-printed models using
a Mitutoyo digital caliper. The measured parameters included inter-canine width,
inter-molar width, anterior arch length, and posterior arch length. Results: No
statistically significant differences were observed between the two model types
across all dimensions (p > 0.05), except for the lower anterior arch length. Pearson
correlation analysis revealed a very strong linear correlation between the two
methods (r > 0.977; p < 0.001). The ICC(2,1) > 0.9 (p < 0.001) indicated high
agreement and reliability between the two methods. Bland-Altman analysis
revealed a very small systematic error (0.02 - 0.19mm), with 95% limits of
agreement (LoA) ranging from -0.91 to +1.28mm. Conclusion: Dental arch
dimension measurements on digital models using software and on 3D-printed
models using a digital caliper demonstrate high reliability and agreement. After
9 months of storage, both model types from the same scan data can be used

interchangeably.

Keywords: Dental arch dimension; Agreement; 3D-printed model; Digital model.

PAT VAN PE mau ham s héa va mau ham in 3D [3].
A N n . .. Tuy nhién, phan 1én cac nghién ctiu
Cong nghé quét trong miéng, cung voi o K A o
< \ A 1 ar trong boi canh cong nghé han ché hoac
quy trinh lam viéc ky thuat so, da thay . L ox s
. i O cung so sanh véi mau ham thach cao [4].
doi phwong thirc thu thap va phan tich . X
bé xac dinh mau ham s6 héa va mau ham

in 3D c6 thé thay thé nhau hay khéng,
viéc danh gid sy twong dong giita hai

dt liéu hinh thai cung rang. Dir liéu quét
trong miéng (intraoral scan data) dwoc

tai tao thanh mau ham sé hoéa (digital phwrong phap do tir cling mét ngudn dit

model) - mau 4o ba chiéu (3D) lwu trir
duéi dinh dang .STL, gitdp loai bo nhu ciu
can khong gian lwu trit vat 1y va nguy co
hw héng [1]. Tt mau ham s6 héa c6 thé
in 3D tao ra mau ham vatly - mau ham in
3D (3D-printed model), gitp thay thé
mAau ham thach cao truyén théng [2].
Keating va CS ghi nhan mic do twong

dong cao gitra hai phwong phap do trén

liéu quét la can thiét. Vi vay, ching t6i
tién hanh nghién ctu nham: Ddnh gid
mirc dé twong ddng giira cdc phép do kich
thwéc cung rdng thuc hién bdng phdn
mém trén mdu ham s6 héa véi do truc
tiép bdng thwdc kep dién tir trén mau
ham in 3D. Cd hai loai mdu ham xudt tr
cung mot dir liéu quét trong miéng, dwoc
in va lwu trir 9 thdng.
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PpOI TUONG VA PHUONG PHAP
NGHIEN CU'U

1. Pdi twong nghién ciru

GOom 40 mau ham s8 héa duoc tai tao
tlr dit liéu quét trong miéng dinh dang
.STL va 40 mau ham in 3D dwoc in tir
mau ham sd héa twong (ng.

* Tiéu chudn Iwa chon: Pu rang vinh
vién di moc hoan toan (trir ring khon);
ro chi tiét gidi phau; rang chen chic nhe
(< 4mm); khong mat rang; khong cé ton
thwong sau ké rang.

* Tiéu chudn loai trir: Rang di tat;
rang mon qua mitc; mau ham dwoc tao
tir dit liéu bi 16i tai cac vi tri ring méc
quan trong.

* Pia diém va thoi gian nghién ciru:
Twr thang 3/2025 - 01/2026 tai Khoa
Ring Ham Mat, Trwong Pai hoc Quoc té
Hong Bang.

2. Phwong phap nghién ciru

* Thiét ké nghién ctru: Nghién ctru
mo ta.

* Co mdu nghién ciru: Gom 40 mau
ham s6 héa va 40 mau ham in 3D.

* Noi dung nghién ctru: Nghién ctru
kich thwéc cung rang va so sanh theo
cap, danh gia mc d6 twong dong
gilta hai phwong phap do theo Bland JM
va Altman DG [5]. Thwc hién phép do

trén miu ham s8 hoa bing phin mém
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Medit Ortho Simulation va phép do trén
mau ham in 3D bang thwdc kep dién ti
Mitutoyo. C4 hai loai mau ham duoc
tao tir cung mot ngudén dir liéu quét
trong miéng.

* Cdc diém méc nghién ciru: Pinh mai
rang nanh: Phai - Trai; dinh mui ngoai
gan rang c6i 1on thé nhat: Phai - Trai;
diém ti€p xuc gitra hai rang clra giira;
dwong ndi dinh hai rang nanh; dwong
ndi dinh hai rang cdi l1&n thi nhat.

* Phwong phdp do lwong: Gom 4 phép
do trén modi loai mau ham: Chiéu rong
lién nanh; chiéu rong lién c6i 16n; chiéu
dai cung ring trudc; chiéu dai cung rang
sau. MAu ham s6 héa: Dung phan mém
Medit Ortho Simulation. MAu ham in 3D:
Dung thwéc kep dién tir Mitutoyo, do
chinh xac 0,01mm.

* Xir Iy s6 liéu: Thuce hién kiém dinh d6
tin cay trong cung nguwoi do, ICC(3,1)
trén 2 nhém mau ham, do 2 1an trén 10
mau, mdi 1an do cdch mot tuan. Dir liéu
do trén 40 mau ham cho mbi nhém dwoc
lwu triv bang Excel, dwoc xtr ly théng ké
bang phan mém SPSS 25.0, tao biéu do
bang ngbn ngitr lap trinh Python.
Nguwong y nghia théng ké p < 0,05.
Thong ké mo td xac dinh trung binh, do
léch chuin cac kich thwéc cung rang.
Paired T-test so sanh gia tri trung binh

tirng bién so cua hai phwong phap. Hé so
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twong quan Pearson (r) tim méi lién hé
gitra moi cip phwong phap. Hé s6 twong
quan ndi nhém - ICC(2,1), danh gia sw
twong doéng va do tin ciy giita hai
phwong phap. Phan tich Bland-Altman
xac dinh sai s6 hé thong (Bias), LoA &
95%CI, tiéu chuin cao nhat cda so sanh

phwong phap do [5].

3. Pao dirc nghién ciru

Nghién ctru dwgc thuc hién theo quy
dinh cua Truwong Pai hoc Qubc té Hong
Bang. S6 liéu nghién ciru dwgc Truwong
Pai hoc Quoc té Hong Bang cho phép
st dung va céng bé. Nhém tac gid cam
két khong c6 xung dot lgi ich trong
nghién ctru.

KET QUA NGHIEN CGrU

Nghién ctru gdbm 40 mau ham s8 héa va 40 mau ham in 3D, dwoc tao tir cing mot

nguon dir liéu quét trong miéng. Cac kich thudc cung rang do dwoc bang phan mém

Medit Ortho Simulation trén mAu ham sé hoa va bang thuéc kep dién tlr Mitutoyo

trén mau ham in 3D, so sanh theo cip, danh gia mirc dd twong dong gitra hai phwong

phap do theo Bland JM va Altman DG [5].

Bang 1. Gia tri trung binh, d6 1éch chuin cac kich thwéc cung rang ham trén

(n =40).
Hamtrén Mauhamséhéa Mauhamin3D  Sai L
— — A Giatrit p
(mm) (X£SD; 95%CI) (X SD;95%CI) léch

R

-ueurong 3591+ 1,78 3586+182 006 077 0453
lién nanh

Chiéu rong

et 55,39 + 2,66 5531+267 009 169 0107
lién coi

Chidu dai

cung ring 753 + 146 748+ 1,38 005 068 0504
truwdec

Chiéu dai 2757 + 2,51 2755+239 002 011 0910

cung rang sau

O ham trén, khong c6 khac biét & tit ca cac kich thudc cung ring do bang hai

phwong phap (p > 0,05). Sai l1éch 16n nhit gitra hai phwong phap do & ham trén la

chiéu rong lién c6i. Gia tri sai léch dwong cho thay kich thwéc cung ring do trén mau

ham sé héa 16n hon miu ham in 3D.
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Bang 2. Gia tri trung binh, d6 1éch chuin kich thwéc cung rang ham dwéi (n = 40).

Himdwéi Mauhamséhéa Mauhamin3D  Sai L
— — . Giatrit p
(mm) (X+SD; 95%CI) (X*SD;95%CI) léch

e
Chiéu rong 28,09 + 1,94 2790+174 019 161 0124
lién nanh

e
Chiéu rong 46,81 + 2,61 46,70+238 011 097 0,345
lién coi
Chiéu dai cung 468 +1,12 461+1,12 007 223 0037
rang trudc
Chiéu dai cung

2427 + 1,94 2424+196 003 036 0719

rang sau

O ham dwéi, khong c6 sw khac biét & cac kich thwéce (p > 0,05) trir chidu dai cung
rang trwdc. Sai léch 16n nhat 1a chiéu réng lién nanh. Gia tri sai 1éch dwong chirng to
kich thwéc cung rang do trén miu ham s6 héa 16n hon mau ham in 3D.

Biéu d6 1. D6 thi phan tan (Scatter Plot) cta hai phwong phap do.

B4 th| phan tan so sanh hal phuong phip do
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Khong c6 sw khac biét c¢é y nghia thong ké vé kich thwéc cung rang dwgc do béi
hai phwong phap. Sw phan b6 cua cic diém phan tan xoay quanh truc trén toan bo

pham vi do cuia hai phwong phap va c6 xu hwdng twong tuw.
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Bang 3. Twong quan giita cic kich thuéc cung rang do dwoc trén hai loai miu ham.

Bién so Cungham  Hé sé twong quan (r) p
Ham trén 0,984 <0,001
Chiéu rong lién nanh
Ham duéi 0,960 <0,001
Ham trén 0,996 <0,001
Chiéu rong lién coi
Ham duéi 0,981 <0,001
Ham trén 0,977 <0,001
Chiéu dai cung rang trudéc
Ham duéi 0,992 <0,001
Ham trén 0,984 <0,001
Chiéu dai cung rang sau
Ham duéi 0,984 <0,001

Phén tich twong quan Pearson dadnh gid méi lién hé gitra hai phwong phap do cho
thiy twong quan tuyén tinh rat manh & tat ca cic bién sé (r > 0,9; p < 0,001). Sw thay

doi kich thwdc ciia phwong phap nay ty 1é thudn véi phwong phap kia.

Bang 4. Hé s6 1CC(2,1) cac kich thwéc cung riang do bang hai phwong phép.

Bién so Cung ham ICC(2,1) 95%Cl
Ham trén 0,985 (0,979 - 0,994)
Chiéu rong lién nanh
Ham dwéi 0,967 (0,919 - 0,988)
Ham trén 0,996 (0,989 - 0,997)
Chiéu rong lién c6i
Ham dwéi 0,988 (0,969 - 0,996)
Ham trén 0,976 (0,938 - 0,983)
Chiéu dai cung rang truéc
Ham dwéi 0,993 (0,982 - 0,998)
Ham trén 0,984 (0,977 - 0,993)
Chiéu dai cung rang sau
Ham dwéi 0,991 (0,976 - 0,997)

Gia tri ICC(2,1) > 0,90 va 95%CI nam trong khoang tir 0,919 - 0,997 cho thiy do

tin ciy gitra hai phwong phap do la rit cao.
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Bang 5. Sai s6 trung binh va LoA cua hai phwong phap do.

Mean bias Lower LoA Upper LoA

B. e ~ C h\
1€ SO ung am (mm) (mm) (mm)
Chiéu rong Ham trén -0,05 -0,68 +0,57
lién nanh Ham duéi -0,19 -0,88 +1,28
Chiéu rong Ham trén -0,09 -0,56 +0,38
lién c6i Ham duéi 0,11 -0,91 +1,14
Chiéu dai cung Ham trén -0,05 -0,67 +0,57
rang trudc Ham duéi -0,07 0,21 +0,35
Chiéu dai cung Ham trén -0,02 -0,90 +0,88
rang sau Ham dwéi -0,03 -0,64 +0,7

(Mean bias: Sai sé trung binh; Lower LoA: Gi&i han dwéi; Upper LoA: Gidi han trén)

Vé&i sai 1éch trung binh nhé (0,02 - 0,19mm) va LoA hep (-0,91 - +1,28mm) cho
thdy mirc d6 dong thuln cao gitra hai phwong phap do. Gia tri Am cta phép tinh Mau
ham in 3D - Mau ham s8 hoéa chirng t6 mau ham in 3D ¢ xu huéng nhé hon mau
ham s6 hda.

Chidu rgng lién nanh KT trén Chiéu rng lién c6i HT trén i, Chiéw rgng lén nanh ham dusi 10 Chiéu sng lién c6i ham dusi
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Biéu d6 2. Phan tich Bland-Altman ctia hai phwong phép do.

Biéu do6 phén tich Bland-Altman cta hai phwong phap do véi gia tri 4m cta phép
tinh MAu ham in 3D - Mau ham sé héa va cac bién chiéu dai véi LoA hep hon, do
twong dong cao hon cac bién chiéu rong.
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BAN LUAN

Vé&i thiét k€ mot ngwoi do hai nhém
mau ham, thuc hién do 2 lan trén 10
mau, 2 IAn do cAch mot tudn. Panh gia do
tin cdy trong cung nguoi do - ICC(3,1) va
95%CI: 0,965 - 0,991 cho thiy nguoi do
c6 k¥ ning do 6n dinh, két qua do dang
tin ciy dé str dung cho cac phéan tich tiép
theo. Trong nghién ctru nay, tat ca cac
kich thwéc do trén hai loai miau ham
khong cé khac biét (p > 0,05), trir chiéu
dai cung rang trueéc ham dwdi. Piéu nay
dworc ly giai bdi sai s6 xay ra do thwéc
kep dién tr dé bi truot trén diém mdc
khi do trén mau ham in 3D dwoc tao
bang vat liéu nhwa Resin Jamghe Ortho
Model (may in Elegoo, do day cac lép in
0,025mm). Do d6, dan dén léch huéng
do va kho thuwc hién thao tac trén cung
rang ham dwi véi dac diém ham nho, do
cong cung rang phitc tap, khoang cach tir
diém moc gitta hai rang clra giita dén
duwong ndi dinh hai rang nanh ngan. Tuy
nhién, qua trinh in 3D khong lam thay
d6i hinh thai cung riang. Két qua nay
twong tw nghién ctru cua Keating va CS
(2008) [3], nhung khac biét so vé&i
Kanokpoonsin va CS (2024), véi kich
thwéc cung rang & mau s6 hdéa cao hon
c6 y nghia thong ké [6]. Gia tri dwong cua
sai léch trung binh cho thdy mAu ham sé
hda cé xu hwéng ghi nhan kich thuéclon
hon so véi mau ham in 3D mét khoang
(0,02 - 0,19mm). Serrano-Velasco va CS
(2024) ghi nhan quanh mtrc 0,1 - 0,2mm
la sai biét khéng c6 y nghia lam sang [7].

Sai léch c6 thé do nguwoi do phéng 1én
hinh anh trén phan mém khi xac dinh
diém moc, trong khi viéc dat dau thuéc
kep trén mau in 3D c6 thé gay ra mot luc
nén nhe hoac di léch diém méc khi do.

Hé s6 twong quan Pearson (r) tir
0,960 - 0,996 thé hién méi twong quan
thudn cwc manh mé gilta hai phwong
phdp do. Gia tri do trén mAu ham s6 hoa
tang hodc gidm bién thién nhit quan v&i
gi4 tri trén mAu ham in 3D. Vi thiét ké
so sanh phwong phap do theo cdp, dé
chac chan hai phép do trén hai loai mau
ham khac nhau déu cho sé6 do twong
déng, ching t6i kiém dinh hé s6 twong
quan ndéi nhém - ICC(2,1) va Bland-
Altman, nham ting do tin cdy cla su so
sanh. Hé s0 twong quan ndéi nhém -
ICC(2,1) tir 0,967 - 0,996 cho thiy do tin
ciy va mirc twong dong rat tot gitra hai
phwong phap do [8], ciing co gia thuyét
hai loai mau ham c6 thé dwoc st dung
thay thé cho nhau trong danh gia kich
thuwéc cung rang, twong tw véi nghién
ctru cia Camardella va CS [9]. V&i 95%CI
hep, cac két qua do khong chi giong nhau
vé gia tri trung binh ma con c6 sy déng
thuén tuyét ddi trén tirng mau do cu thé.
Két qua Bland-Altman ghi nhin sai léch
trung binh giltta hai phwong phap do
(0,02 - 0,19mm) rit nho so v&i kich
thwéc cung rang va nho hon nhiéu so véi
ngudng chap nhin ldm sang (0,5mm)
duwoc xem la khong cé y nghia [10]. LoA
trén dat +1,28mm (vwot nhe nguwdng
1mm) la gia tri bién cia 95%CI khong
phan anh sai léch thwong gap, khong ton
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tai sai l1éch hé théng gitra hai phwong
phap do, qua trinh in 3D khong tao sw
bién dang c6 hé théng so v&éi mau ham sd
héa gdc. Sw khac biét 1a do sai léch ngau
nhién: Quét mAau, thuat todn 1am "phing,
min” cac dic diém giai phau khi s6 hda
dir liéu, co ngét khi in hodc 16i xac dinh
diém méc. Trong 95% truong hop, gia
tri do trén mau ham sé héa nhé hon tdi
da 0,91mm hodc Ién hon toi da 1,28mm
so v&i gia tri do trén mau in 3D (bién do
sai sO0 hep) cho thiy hai phwong phap
khong chi c6 twong quan cao ma c6 thé
thay thé nhau trong thwc hanh 1am sang.
LoA + (1,0 - 1,5 mm & cac bién chiéu
rong cung rang phu thudc vao xac dinh
diém md&c giai phau.

Véi tinh wng dung cao trong chuyén
nganh nha khoa, hé théng may quét
trong miéng va cac loai mau ham dwoc
tao tir ddu ky thuit sé cung cac phin
mém phan tich da chirng minh dworc tinh
wu viét vurot troi. Tuy nhién, van cAn thém
cac nghién ctru véi s6 lwgng miu 16m,
thoi gian lwu trit mau ham in 3D dai hon.

KET LUAN

Phwong phap do kich thuéc cung
rang bang phin mém trén mau ham sé
héa va bang thuéc kep dién tir trén mau
ham in 3D dat do¢ tin cay va do twong
dong cao. Sau 9 thang lwu trit, hai loai
mau ham dwoc tao tir cung dir liéu quét
trong miéng cé thé thay thé nhau, 1a cong
cu cho chin doan, nghién ctru va theo doi
diéu tri trong thwc hanh 14m sang hién dai.

106

TAI LIEU THAM KHAO

1. Wiranto M, Engelbrecht W,
Nolthenius H, Van der Meer W, Ren Y.
Validity, reliability, and reproducibility
of linear measurements on digital
models obtained from intraoral and
cone-beam computed tomography scans
of alginate impressions. Am | Orthod
Dentofac Orthop. 2013; 143:140-147.

2. Camardella LT, Breuning H, de
Vasconcellos Vilella O. Accuracy and
reproducibility of measurements on plaster
models and digital models created using
an intraoral scanner. Am ]| Orthod
Dentofacial Orthop. 2017; 151(1):69-77.

3. Keating AP, Knox |, Bibb R, Zhurov
Al. A comparison of plaster, digital, and
printed dental models. ] Orthod. 2008;
35(3):191-201.

4. Jaber ST, Hajeer MY, Alkhouli KW,
Al-Shamak RM, Darwich KMA, Aljabban O,
Alam MK, & Kara-Boulad JM. Evaluation
digital
formulated from direct intra-oral scanning

of three-dimensional models
of dental arches in comparison with
extra-oral scanning of poured dental
models in terms of dimensional accuracy
and reliability. Cureus. 2024; 16(2):e54869.

5. Bland JM, Altman DG. Statistical
methods for assessing agreement between
two methods of clinical measurement.
Lancet. 1986; 1(8476):307-310.

6. Kanokpoonsin S, Peanchitlertkajorn S,
Saengfai NN, Boonpratham S. A comparison
of tooth size and arch dimensions among
measurements taken intraorally with
3D-printed and digital models obtained



TAP CHI Y DU'Q'C HOC QUAN SU’' SO 6 - 2026

from intraoral scans. | Clin Exp Dent.
2024 Aug 1; 16(8):e1012-e1020.

7. Serrano-Velasco D, Martin-Vacas A,
Giovannini G, Paz-Cortés MM, Aragoneses
JM. Accuracy analysis of digital models
from intraoral scanners and 3D-printed
casts in children and teenagers. Children.
2024;11:1082.

8. Fleiss Joseph. The design and
analysis of clinical experiments. 1986;
10.1002/9781118032923.ché.

9. Camardella LT, Ongkosuwito EM,
Breuning KH, Vilella OV. The influence of
printing resolution on the accuracy of
3D-printed dental models. Am | Orthod
Dentofacial Orthop. 2017; 151(4):746-753.

10. Grunheid T, et al. Accuracy,
reproducibility, and efficiency of standard
digital models and models derived from
cone-beam computed tomography.
American Journal of Orthodontics and
Dentofacial Orthopedics. 2014.

107



