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Introduction

Single crown restoration is one of the most com-

mon daily dental treatments. The acquisition of an 
adequate impression of the prepared tooth is crucial 
to obtain good results of the final restoration and 
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Purpose: This study aimed to evaluate the accuracy of bite registration using intraoral scanner based on data trim-
ming strategy for fremitus teeth.
Materials and Methods: A reference model was designed by Medit Model Builder software (MEDIT Corp., Seoul). 
Tooth number 24 and 25 were separated as dies and tooth number 26 was prepared for full-coverage crown. Those 
were printed using a 3D printer (NextDent 5100). The scanning procedure was performed by a single trained opera-
tor with one intraoral scanner (i700; MEDIT Corp.). The scanning groups were divided as follows: group 1 (G1), no 
fremitus; group 2 (G2), 0.5 mm buccal fremitus in the maxillary left first and second premolar; and group 3 (G3), 1.5 
mm buccal fremitus in the maxillary left first and second premolar. Each group was scanned 10 times and were ana-
lyzed using the reference model data. Surface-based occlusal clearance was analyzed at the prepared tooth to evalu-
ate accuracy.
Result: Mean values of control group (G1) were 1.587±0.021 mm. G2 showed similar values to those from the con-
trol group (1.580±0.024 mm before trimming strategy and 1.588±0.052 mm after trimming strategy). G3 showed 
significantly greater values (1.627±0.025 mm before trimming strategy and 1.590±0.024 mm after trimming strategy) 
and the differences were found between trimming strategy (P=0.004).
Conclusion: Bite trimming strategy for fremitus teeth is a reliable technique to reduce inaccuracies caused by the 
mobility at maximum intercuspation.
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reduce chair time. Fremitus is the mobility caused by 
occlusal bite trauma. When fremitus is present, the 
bite registration process might not be as accurate as 
intended, which leads to inaccurate mounting. 

Digital workflow with intraoral scanner has been 
widely used in dentistry and the accuracy for single 
crown restorations or short span prosthesis has 
been demonstrated as acceptable1,2). The procedure 
of digital impression is similar to the conventional 
method using alginate or silicones, as for the mount-
ing process, where an accurate bite registration scan 
is crucial. 

Camcı and Salmanpour3) evaluated the accuracy of 
occlusal bite obtained with an intraoral scanner and 
compared virtual occlusal recording to that from 
traditional methods. The study revealed an average 
deviation of 70 to 80 µm, and concluded that virtual 
bite registration can be used as an alternative to the 
conventional method. 

However, there can be differences in accuracy 
among the intraoral scanner systems. Park et al.4) 
evaluated the accuracy of interocclusal record scans 
using various intraoral scanners and differences in 
the accuracy of the bite registration scan were found 
between intraoral scannersn. The alignment process 
of the occlusal registration scan is conducted through 
superimposition of images and best-fit algorithm. 
Superimposition methods for three-dimensional im-
ages are popularized in clinical diagnosis and treat-
ment5).

When fremitus is present in the scanning area, 
however, the scanned data of the buccal surfaces of 
the upper and lower arch can be different between 
the data obtained at open mouth and that obtained 
from maximum intercuspation (MICP). Convention-
al attempts to correct this problem to mount gypsum 
casts included adjustment of the antagonist teeth or 
trimming the bite silicone material. 

Hence, bite trimming has been recognized to re-
duce the inaccuracies of the scanned data of buccal 
surface at MICP to enhance the alignment process. It 

is also known that mobilized buccal surface data due 
to fremitus may cause inaccurate superimposition of 
articulation process.

To the best of the author’s knowledge, there have 
been many studies evaluating conventional interoc-
clusal recording materials6-10) but studies evaluating 
the efficacy of buccal surface digital bite trimming 
for teeth with fremitus when taking digital impres-
sion using intraoral scanner have been rare. There-
fore, this study aimed to evaluate the accuracy of 
bite registration using intraoral scanner based on 
data trimming strategy for fremitus teeth. The null 
hypothesis was that no statistical difference would 
be found in the accuracy of bite registration scan 
between the various buccal fremitus scenarios with 
trimming strategy. 

Material and Methods

A reference model was designed by Medit Model 
Builder software (MEDIT Corp., Seoul, Korea). Max-
illary left first and second premolars were separated 
as dies and maxillary left first molar was prepared 
for full-coverage crown (Fig. 1). The full-coverage 
crown preparation was conducted according to con-
ventional preparation guidelines (occlusal reduction 
of 1.5 mm, 4° to 8° taper, 1.5 mm axial reduction, 1.0 
mm chamfer margin).

Fig. 1. Reference model designed through Medit Model Builder 
software. Maxillary left first and second premolar separated as dies 
and maxillary left first molar prepared for full-coverage crown.
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The final design was printed by a 3D printer (Next-
Dent 5100; 3D Systems, Centurionbaan, Netherland) 
and was scanned with the lab scanner (E3; 3Shape, 
Copenhagen, Denmark) as a reference data. Scan-
ning procedure was then performed with the rec-
ommended scan strategy of the manufacturer and 
was performed by a single trained operator with an 
intraoral scanner (Medit i700; Medit, Seoul, Korea). 

In this study, the buccal fremitus was represented 
by repositioning the dies according to the divided 
groups. The scanning groups were divided as fol-
lows: group 1 (G1), no fremitus; group 2 (G2), 0.5 
mm buccal fremitus in the maxillary left first and 
second premolar; and group 3 (G3), 1.5 mm buccal 

fremitus in the maxillary left first and second premo-
lar (Fig. 2). Each group was scanned 10 times.

The reference data was positioned and aligned 
based on polar distance system (Fig. 3). This was to 
reduce errors at the repeated calculation of the sur-
face-base occlusal clearance of each bite registration 
scan. The first analysis was performed with the raw 
scanned data without any change of the bite registra-
tion scan (Fig. 4). 

All scan data were then imported into a high-
resolution dynamic triangle meshes designing soft-
ware (Meshmixer; Autodesk, San Rafael, CA, USA) 
as stereolithography (STL) files to realize trimming 
strategy of each bite registration (Fig. 5). The calcula-
tion of surface-based occlusal clearance was repeated 
after bite trimming strategy.

Fig. 2. Simulation of fremitus teeth at maximum intercuspation. (A) Control group, no fremitus. (B) Group 2, maxillary left first and second 
premolar with buccal fremitus of 0.5 mm. (C) Group 3, maxillary left first and second premolar with buccal fremitus of 1.5 mm.

A B C

No fremitus G2: 0.5 mm
G3: 1.5 mm

Fig. 3. Reference data positioning and alignement based on polar 
distance system.

Fig. 4. First analysis of raw scanned data of bite registration be-
tween reference data and other groups without trimming strategy.
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The evaluation of the surface-based occlusal clear-
ance was obtained from the occlusal surface of the 
prepared maxillary left first molar, which was se-
lected as the area of interest and was separated from 
the reference data as a library tooth (Fig. 6).

A software for 3D inspection and mesh processing 
for dimensional analysis was used (GOM inspect 
2018; GOM, Braunschweig, Germany). The align-
ment process was confirmed through superimposi-
tion method and best-fit algorithm from IOS scanned 
data to reference data. 

Result

Mean values of the control group (G1) was 1.587 
mm in mean distance with 0.021 mm of standard de-
viation. This group was used as reference data with-
out buccal fremitus, therefore no trimming strategy 
was performed in this group. 

Mean surface-based occlusal clearance with buccal 
fremitus of 0.5 mm in maxillary left first and second 

premolar (G2), was 1.580±0.024 mm before trimming 
strategy and 1.588±0.052 mm after trimming strate-
gy, showing a difference of –0.008 mm between each 
group.

Mean surface-based occlusal clearance with buccal 
fremitus of 1.5 mm in maxillary left first and second 
premolar (G3), was 1.627±0.025 mm before trimming 
strategy and 1.590±0.024 mm after trimming strat-
egy, showing a difference of 0.037 mm between each 
group.

Normality test was performed with Kolmogorov–
Smirnov and t-test was performed. There was no 
significant difference before and after trimming strat-
egy when buccal fremitus was present at 0.5 mm 
(G2). Therefore, using bite trimming strategy for this 
clinical situation might be not necessary and seems 
to not affect the accuracy of digital articulation pro-
cedure.

In the other hand, significant difference was found 
in G3 before and after trimming strategy. Overall 
values showed that before using trimming strategy 

Fig. 5. Digital trimming strategy. (A) Selection of maxillary left first and second premolar as fremitus teeth. (B) Trimming strategy performed.

A B

Fig. 6. Establishment of area of interest for analysis. (A) Selection of occlusal surface of prepared tooth as area of interest. (B) Surface-based 
analysis of area of interest to the antagonist tooth.

A B
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in G3 showed higher discrepancies compared to 
those from the control group and G2, while after 
using trimming strategy showed similar values to 
those from the control group.

Overall surface-based occlusal clearance are shown 
in Table 1.

Discussion

This study aimed to evaluate the accuracy of bite 
registration scan at fremitus teeth. Various scenarios 
of buccal fremitus were represented by repositioning 
the separated dies of maxillary left first and second 
premolar. The accuracy was evaluated by analyzing 
the occlusal surface of the prepared maxillary left 
first molar to the antagonist tooth.

The null hypothesis was rejected as significant dif-
ferences were found using bite trimming strategy.

Previous studies have demonstrated the reliability 
of intraoral scanners to generate digital impres-
sions11-13). Tomita et al.14), compared the accuracy of 
digital models between desktop-scanning of con-
ventional impressions versus intraoral scanning 
by evaluating twelve linear-distance measurement 
combinations, and they concluded that intraoral 
scanning might be more accurate than conventional 
impression method.

In another study, Zarauz et al.15), evaluated mar-
ginal and internal fit of fixed prosthesis with in-
traoral digital impressions. The comparison was 
between conventional impressions where bite regis-
tration was taken with silicone material and digital 

impression taken with an intraoral scanner. They 
concluded that intraoral digital impression was clini-
cally acceptable to reproduce the restoration fit as 
conventional impressions. Also, Abdel-Azim et al.16), 
compared conventional impressions and intraoral 
digital impressions to evaluate the marginal gap of 
fixed restoration and made similar conclusions. The 
only difference was that the restoration was fabri-
cated with computer aided design/computer aided 
manufacturing (CAD/CAM) technology.

Digital impression process is similar to conven-
tional impression in the information of the treated 
tooth and the antagonist tooth and further, the bite 
registration in MICP to reproduce the mounting 
process. One of the great advantages of digital im-
pression is the avoidance of using different materials 
between each step. This not only helps clinicians to 
save material and reduce chair time, but also reduces 
the inaccuracies that might occur between each step. 

As for the articulating process, an accurate bite reg-
istration is essential to reproduce the exact patient 
occlusal situation. Zimmermann et al.17) evaluated 
the accuracy of buccal scan procedures with intra-
oral scanning devices for the registration of habitual 
intercuspation in vivo. They randomly selected 
ten individuals with full dentition without dental 
rehabilitation, neither periodontitis nor temporo-
mandibular joint dysfunctions. The registration of 
habitual intercuspation was performed using three 
different intraoral scanners and was performed us-
ing the principle of buccal scan. The accuracy was 
analyzed by means of the relative jaw displacement 

Table 1. Overall surface-based occlusal clearance

Group
Surface based-occlusal clarance (mm)

P-value
Before trimming After trimming

G1 (Control) 1.587±0.021 - -
G2 1.580±0.024 1.588±0.052 0.649
G3 1.627±0.025 1.590±0.024 0.004

G1: no fremitus, G2: 0.5 mm buccal fremitus in the maxillary left first and second premolar, G3: 1.5 mm buccal fremitus in the 
maxillary left first and second premolar.
Values obtained from surface-based occlusal clearance are presented.
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of the lower jaw, based on two parameters, rotation 
and translation, with special software tools. The pro-
cedures for buccal scans were repeated three times 
for each patient. They concluded that intraoral scan-
ning systems with buccal scan procedures allows the 
reproduction of the static relationship of the maxil-
lary and mandibular teeth with the same accuracy as 
conventional registration methods. In addition, they 
suggested that digital buccal scan might be less sus-
ceptible to errors, easier and more reliable compared 
to conventional registration method.

Nevertheless, most studies evaluated the accuracy 
in ideal clinical situations. In daily dentistry, diverse 
oral conditions are presented with several limita-
tions. The aim of this study was to evaluate the accu-
racy of bite registration scan for fremitus condition 
with trimming strategy. Digital bite registration con-
sists of scanning the buccal surface only, unlike the 
conventional registration method, that reaches the 
occlusal surfaces.

The findings in this study demonstrate that using 
bite trimming strategy at 1.5 mm buccal fremitus in 
MICP enhances digital articulation leading to simi-
lar values to those from the non-fremitus situation. 
Meanwhile, when buccal fremitus is 0.5 mm, bite 
trimming strategy might not be necessary, because 
the software automatically corrects minimal errors at 
scanning procedure.

However, this study did not replicate an actual 
clinical situation in vivo, since the experiment was 
conducted in vitro. To minimize possible errors, a 
single trained operator performed the reposition-
ing of the dies and the scanning procedure. Another 
limitation was that only one intraoral scanner was 
used for the evaluation. Further studies are needed 
to evaluate the differences among the intraoral scan-
ners available in the market with real clinical condi-
tions. 

Conclusion

Based on the findings of in this in vitro study, fremi-
tus teeth at MICP can influence the accuracy of bite 
registration scan using intraoral scanner. Using data 
trimming strategy at fremitus teeth area can help to 
reduce the inaccuracies caused for the mobility of 
the scanned area. Therefore, bite trimming strategy 
is a reliable technique to improve the accuracy of bite 
registration scan when fremitus teeth is present at 
MICP.
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