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[Abstract] Objective This clinical study aimed to as-

sess the trueness of three intraoral scanners for the recor-
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ding of the maximal intercuspal position (MIP) to provide a reference for clinical practice. Methods Ten participants
with good occlusal relationship and healthy temporomandibular joint were recruited. For the control group, facebow
transferring procedures were performed, and bite registrations at the MIP were used to transfer maxillary and mandibular
casts to a mechanical articulator, which were then scanned with a laboratory scanner to obtain digital cast data. For the
experimental groups, three intraoral scanners (Trios 3, Carestream 3600, and Aoralscan 3) were used to obtain digital
casts of the participants at the MIP following the scanning workflows endorsed by the corresponding manufacturers. Sub-
sequently, measurement points were marked on the control group’s digital casts at the central incisors, canines, and first
molars, and corresponding distances between these points on the maxillary and mandibular casts were measured to calcu-
late the sum of measured distances (D,). Distances between measurement points in the incisor (D,), canine (D), and first
molar (D,,) regions were also calculated. The control group’s maxillary and mandibular digital casts with the added mea-
surement points were aligned with the experimental group’s casts, and D,, D,, D, and D,; values of the aligned control
casts were determined. Statistical analysis was performed on D,, D,, D, and D,, obtained from both the control and ex-
perimental groups to evaluate the trueness of the three intraoral scanners for the recording of MIP. Results In the con-
trol group, D,, D,, D, and D,, values were (39.58+6.40), (13.64+3.58), (14.9142.85), and (11.03+1.56) mm. The Trios 3
group had values of (38.99+6.60), (13.42+3.66), (14.55+2.87), and (11.03£1.69) mm. The Carestream 3600 group
showed values of (38.57+6.36), (13.56+3.68), (14.45+2.85), and (10.55+1.41) mm, while the Aoralscan 3 group had val-
ues of (38.16£5.69), (13.034+3.54), (14.23+2.59), and (10.90+1.54) mm. Analysis of variance revealed no statistically sig-
nificant differences between the experimental and control groups for overall deviation D, (P=0.96), as well as local devi-
ations D, (P=0.98), D, (P=0.96), and D,, (P=0.89). Conclusion With standardized scanning protocols, the three intra-
oral scanners demonstrated comparable trueness to traditional methods in recording MIP, fulfilling clinical requirements.
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Fig 1 Acquisition of the control group’s digital casts
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Fig 2 Maxillary and mandibular arch scans obtained by Trios 3 intraoral scanner

1.3 B
1.3.1 EBREALA

Carestream 3600 20 (24041 2) #il Aoralscan 3
gl (SRR 3) MBS SCmd 1 251, ¥l
[F] — $ A 3 e BT B T R A i i AR A T 4
i, R RAS R LA STLAS i

W LA X B 2 R S 6 21 STL %l 3 A3 ]
T. 2 8K 1} Geomagic wrap (3D Systems 2% A, 3



*230°

RV 18 B2 52 9 7 West China Journal of Stomatology

2024-04 42(2)

) rb, eI I R 2 R 2l 250 2 R 2 2%

i, HORBBIUAY IS s (813A) .

o el I ol Nl RLD O

D

S8 20 KA

il

A BRSO IR ; B: e MM EROMI G C WS S AR ) A I Ak 2 T A RE B 5 D: A S Ik s fr ok 4

R SRR SR AR R SO AT R I

3 X HEZRN S g 2H K

Fig 3 Distance measurements of control and experimental groups
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Fig 4  Scatter plots for D,, D;, D, and D,, in the control and experimental groups

*® 2 WRAMIEMARSHD,. D, D.. D, EHHFH
=0
Tab 2 Variance analysis of D,, D,, D., and D, va-

lues in the control and experimental groups

PHE  ARORIE SS df MS Fi8 P

D, MR 222 3 0.74 0.057 0.98
HNTR 47160 36 13.10
MASSE 47380 39
D. MR 241 3 0.80 0.10 0.96
HNAESFE 28120 36 7.81
BASSE 283.60 39

D, AR 152 3 0.50 0.21 0.89
HNAR 8731 36 2.42
MRS 88.83 39

D, AR 1113 3 3.70 0.094 0.96
HNAES 1418.00 36 39.39
JMARSE 1429.00 39

AR S5 2R A e AR AR — U BTV 125 1l B Y A
BRI X IR, AT & 10 S R ASUIE 1 B
AU IR MIP W5 5 28, R S i 41 48 30K A2 T
MIP 4 7 55 A6 L 41 O X B AL B AU L . A7 F
FEPH /R AR U BRI n] DR A R AAS
JERIRERY AR S rp T P A I 1 SR AR R 2
PSRN 0.1%, HA RIFARTE MR ENE, [H
AR ST 58 JIT FH ) 5 L SORS BEAE 7 o LR, ]
DA AT (6 M Dok 1 o I A8 TR e 5 5 28 A T PN LS
WG KR ZMI R . R g e, il
AR HRAL bR R A XU U] 2oF X AR F XA
B 2 DX S A5 0000 A, 0 b AU R
I 5 22 B AR B AR R e S R I PPA R AR .
TN S A I SRR A S R AT OEAY R
I AR B2 B BRI ) 5 A T MITP Y



*232

AT 11 2= 2 4% & West China Journal of Stomatology

2024-04 42(2)

SEU A PR RL Y R ME ST R X 5, Bl
i I X585 S A R S ZE RS AR I i a5 2 ] ) B S AR
NSRRI G K R VPR . Revilla-Leon 55!
TERTFE BAT AN [R) 2 14 K5 H AN [R) 67 0 2507 Al it
Bl SRR PN A AR AR 04 7 5% FR 1Y R ) BT
TERCR R @RS — BB A R F LCE T B R
1 mm AYETERIFIN 5 | G0 ARG 1 Y K =2 18] i R
BIVE WG R R MIPAG AR . Mei ZEPIET XTS5l
SRR 4 SR W T g G 5 AR 52 e () BF 9 bt ik
A5 A (1% TS5 o0 S 0 Py 24 R T S 0 ST AR Sy
VEAGFE bR o ABIESE b B ] B PEAG O 12 53X Se F
FEPHE PG O R IPAL A — 2, I
TN T LA S S 21 1 A A b R i AT O A
VERE, T DL Ao T 0 AT AN [ R ) S
W2, WAL EE R, JoERIERT B A5
TR 0 ZH AR Y R A U 1 — Bk, ROt rE
ATELAR 73 B Z 1T 5 X A5 8 7 R 2H Bk AT 2 B LA
AN R UCTC R 22 0 S 1 B X 4 R A Y R A
ME A3 K Z FUAS [R] 2 67 X B i e 45 O R A7 PF A
AHEGE 53 M BEBE T Bl A DN o 22 ] A B 25 2 R S
T XL AR DRI oF DX B i i B 2 2 A
159307 .

ARG 25 TR I 3 Fh O AT IR B I
KAWL, BRPUIF . RF . H—
V& OF S5 R R A A X B, LA 38 5 0 R A
FApl, UERASZES T Y 3 80 E O RIS 5
1RG5 SR MIP W& 56 2R o AR TN 4 4
) A1 1 D LRI 41 RS BB 2 S S 5 i) S 3 45 SR 1 AR
AHZE, ALK Trios 3R TV A HEH
it AR, 1Mj Carestream 3600 #11 Aoralscan 3 =&
TEEMDE =AM RO . R AR AS R H#5
FARMERARERAE , Trios 3 UG 24 10 pm,
1fij Carestream 3600 Fl Aoralscan 3 f% 1 4 # & hy
15 um, SCEGZE AL R 3 A 1 Y A4S B 4
i E (1) 2 S 6 g O 2R 4R BUME B B2 (%) 5 k) 22 S TG
Gt o RSB, BAEARERON
FARGANLT G HE 77 0 b o D AR R AT 4 A A o
FEAERFA T ZFN SCHRHEE B I B2 RO IR FR 85 T 7™
& F FEAR MEF A D AR A T RS (6] I AE AR B
Pk e & OB S i M WA= A N SR ESET R & Sk
P 50 B8t LA /D v] e 0 B PF R 2500, B
Il PR 42 BT RAEAE B b MEF A T AR W] LA ARG B
BT A R Rl [FREE WA
WX T HMEE R E WA —EEm, A%
PR AN [R] 1PN A ORI e R AL R R

R VER B UEAT TS, & B4 1T N AL A v
WAL TSk, SALKHSRA -8, H
FIREIE B iz s R R A T R 1, fRE—E )R
B[] BT 5 A DG i b 4 A 78 i 11 1 45 75
B AR PR 2 AR AL, 5IA TICRAiR2E,
L5 LR, ARSTEGAE T KA TE AR R IR
BEREH M T, R 3R TR B MIP
IS 3 5 2 1) T 00 88 7 8 A Jeg I 5 14 e kAR
e A SRR 2L, BEWE I IRIA YT K . (H
R R T B HE— 2 1m0 N AR R RTECE
DL GE REAS o A, AR5 0K 3 T REAR IR
YR BT T ECAG R A0 A R R R REAR I A i
SRAR B MIP 5 6 R AE X AL, (HRASR T
T 3R G TE EVBE | AR R A5 i s il BORITFA 42 e B
RPAEAENIRE, ARTFE SRR T E,
DA Gy b S e 5B 35 11 9 BSOS 3 R R
HBFRER: HHFRRAILA Z TR,

(5% 3Lk

[1]  Tripodakis AP, Vergos VK, Tsoutsos AG. Evaluation of
the accuracy of interocclusal records in relation to two
recording techniques[J]. J Prosthet Dent, 1997, 77(2):
141-14e.

[2] Thongthammachat S, Moore BK, Barco MT, et al. Di-
mensional accuracy of dental casts: influence of tray ma-
terial, impression material, and time[J]. J Prosthodont,
2002, 11(2): 98-108.

[3] Naumovski B, Kapushevska B. Dimensional stability
and acuracy of silicone-based impression materials using
different impression techniques—A literature review
[J]. Pril (Makedon Akad Nauk Umet Odd Med Nauki),
2017, 38(2): 131-138.

[4] Al-Odinee NM, Al-Hamzi M, Al-Shami 1Z, et al. Eva-
luation of the quality of fixed prosthesis impressions in
private laboratories in a sample from Yemen[J]. BMC
Oral Health, 2020, 20(1): 304.

[5] Aragon ML, Pontes LF, Bichara LM, et al. Validity and
reliability of intraoral scanners compared to convention-
al gypsum models measurements: a systematic review
[J]. Eur J Orthod, 2016, 38(4): 429-434.

[6] Kong L, Li Y, Liu Z. Digital versus conventional full-
arch impressions in linear and 3D accuracy: a systematic
review and meta-analysis of in vivo studies[J]. Clin Oral

Investig, 2022, 26(9): 5625-5642.



R A 3R OO TR A 58 Rl S HER EE 0T AT

*233

[10]

[11]

[12]

[14]

[15]

[17]

Keul C, Giith JF. Accuracy of full-arch digital impres-
sions: an in vitro and in vivo comparison[J]. Clin Oral In-
vestig, 2020, 24(2): 735-745.

Yehia A, Abo El Fadl A, El Sergany O, et al. Effect of
different span lengths with different total occlusal con-
vergences on the accuracy of intraoral scanners[J]. J
Prosthodont, 2023. doi: 10.1111/jopr.13686.

Chen Y, Zhai Z, Watanabe S, et al. Understanding the ef-
fect of scan spans on the accuracy of intraoral and desk-
top scanners[J]. J Dent, 2022, 124: 104220.

DeLong R, Ko CC, Anderson GC, et al. Comparing ma-
ximum intercuspal contacts of virtual dental patients and
mounted dental casts[J]. J Prosthet Dent, 2002, 88(6):
622-630.

Zimmermann M, Ender A, Attin T, et al. Accuracy of
buccal scan procedures for the registration of habitual in-
tercuspation[J]. Oper Dent, 2018, 43(6): 573-580.
Revilla-Leon M, Alonso Pérez-Barquero J, Zubizarreta-
Macho A, et al. Influence of the number of teeth and lo-
cation of the virtual occlusal record on the accuracy of
the maxillo-mandibular relationship obtained by using
an intraoral scanner[J]. J Prosthodont, 2023, 32(3): 253-
258.

Ren S, Morton D, Lin WS. Accuracy of virtual interoc-
clusal records for partially edentulous patients[J]. J Pros-
thet Dent, 2020, 123(6): 860-865.

WRES, B, 225 55, 45 . 10 9 4 0 B AR EN RO X [ 5
16 52 1 PR L FH 2R 9 Meta 43 M [9]. 46 1P 11 16 1 2 24
&, 2021, 39(3): 306-312.

Chen L, Chen C, Li ZY, et al. Clinical performance of in-
traoral digital impression for fixed prosthodontics: a Me-
ta-analysis[J]. West China J Stomatol, 2021, 39(3): 306-
312.

Burzynski JA, Firestone AR, Beck FM, et al. Compari-
son of digital intraoral scanners and alginate impres-
sions: time and patient satisfaction[J]. Am J Orthod Den-
tofacial Orthop, 2018, 153(4): 534-541.

A, SR BT N EOR B R R R [T].
P BE 244K, 2021, 37(1): 136-140.

Xi Q, Wu GF. Development and application of digital in-
traoral scanning technology[J]. J Pract Stomatol, 2021,
37(1): 136-140.

Revilla-Leon M, Kois DE, Kois JC. A guide for maxi-
mizing the accuracy of intraoral digital scans: part 2—

patient factors[J]. J Esthet Restor Dent, 2023, 35(1): 241-

(18]

[20]

[21]

[22]

[23]

(24]

(27]

249.

Revilla-Leon M, Kois DE, Kois JC. A guide for maxi-
mizing the accuracy of intraoral digital scans. Part 1: op-
erator factors[J]. J Esthet Restor Dent, 2023, 35(1): 230-
240.

Revilla-Leén M, Subramanian SG, Ozcan M, et al. Clini-
cal study of the influence of ambient lighting conditions
on the mesh quality of an intraoral scanner[J]. J Prostho-
dont, 2020, 29(8): 651-655.

Edher F, Hannam AG, Tobias DL, et al. The accuracy of
virtual interocclusal registration during intraoral scan-
ning[J]. J Prosthet Dent, 2018, 120(6): 904-912.
Abdulateef S, Edher F, Hannam AG, et al. Clinical accu-
racy and reproducibility of virtual interocclusal records
[J]. J Prosthet Dent, 2020, 124(6): 667-673.

Chen SY, Liang WM, Chen FN. Factors affecting the ac-
curacy of elastometric impression materials[J]. J Dent,
2004, 32(8): 603-609.

Surapaneni H, Samatha YP, Shankar YR, et al. Polyvi-
nylsiloxanes in dentistry: an overview[J]. Trends Bioma-
ter Artif Organ, 2013, 27(3): 115-123.

Dugal R, Railkar B, Musani S. Comparative evaluation
of dimensional accuracy of different polyvinyl siloxane
putty-wash impression techniques—in vitro study[J]. J
Int Oral Health, 2013, 5(5): 85-94.

Mei J, Ma L, Chao J, et al. Three-dimensional analysis
of the outcome of different scanning strategies in virtual
interocclusal registration[J]. J Adv Prosthodont, 2022, 14
(6): 369-378.

Revilla-Leén M, Subramanian SG, Ozcan M, et al. Clini-
cal study of the influence of ambient light scanning con-
ditions on the accuracy (trueness and precision) of an in-
traoral scanner[J]. J Prosthodont, 2020, 29(2): 107-113.
Revilla-Leon M, Subramanian SG, Att W, et al. Analysis
of different illuminance of the room lighting condition
on the accuracy (trueness and precision) of an intraoral
scanner[J]. J Prosthodont, 2021, 30(2): 157-162.
Revilla-Leon M, Agustin-Panadero R, Zeitler JM, et al.
Differences in maxillomandibular relationship recorded
at centric relation when using a conventional method,
four intraoral scanners, and a jaw tracking system: a clin-
ical study[J]. J Prosthet Dent, 2023. doi: 10.1016/j.pros-
dent.2022.12.007.

(A3 koK)



