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Comparison of dimensional accuracy of digital models by intraoral 
scanning method in comparison with molding with alginate
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ABSTRACT

Background: Intraoral scanners (IOS) have been developed to address the drawbacks of traditional 
impression systems, such as improving patient comfort and expediting the restoration process. 
The objective of this study was to compare the dimensional accuracy of IOSs with traditional 
impression systems.
Materials and Methods: In this experimental study, a maxillary reference model was utilized for 
the study. The mesiodistal, occlusogingival, and buccolingual distances between points were measured 
on the model using a digital caliper and recorded as the control group. The reference model was 
then scanned once using an IOS device (CEREC AC) to generate a digital model. Reference points 
were measured and recorded using EXOCAD V.2019 software. Sixteen alginate impressions 
were cast in separate trays from the reference model, and dental stone IV was poured into them. 
Reference points were also measured on the casts using a caliper. Finally, the measurements of IOS 
models, alginate templates, and reference models were compared in terms of size and dimensional 
differences. Data analysis was performed using the analysis of variance with independent t‑tests, 
with a significance level of <0.05. The study utilized a maxillary reference model.
Results: The mean differences in mesiodistal dimensions of only the right second premolars (P = 0.017), 
buccolingual dimensions of central incisors (P = 0.037), lateral incisors (P = 0.050), and right first 
molar (P = 0.028) showed significant differences between IOS and alginate methods compared to 
the reference model. The dimensions reported in the IOS method were higher (0.71–1.26 mm) 
than those in the alginate method compared to the reference model.
Conclusion: Based on the results of this study and acknowledging its limitations, it can be 
concluded that the IOS method yielded a greater number of measurements than the reference 
model when evaluated on a limited number of teeth within the complete maxillary arch. However, 
the measurements obtained using the alginate method were more closely aligned with those of 
the reference model. The minimal differences observed between digital impressions and traditional 
measurement techniques, the IOS method may be regarded as a viable alternative to conventional 
methods, owing to its numerous advantages.
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INTRODUCTION

The traditional molding technique employed in dentistry 
presents several challenges, including the difficulty of 
selecting the appropriate tray size, ensuring adequate 
isolation, and accurately positioning the molding 
material around the teeth and adjacent tissues.[1‑3] 
Furthermore, the removal of the mold from the oral 
cavity can lead to complications such as cracks, bubbles, 
tears, and inaccurately registered edges around the 
prepared teeth.[1‑4] To address these issues, irreversible 
hydrocolloids such as alginate are commonly used in 
traditional molding. While alginate is easy to use and 
records desirable details, it can shrink and change shape 
due to water loss if the plaster is not poured within 
10  min. Intraoral scanners  (IOSs) represent a new 
generation of molding technique that was developed 
in the early 1980s to solve the problems associated 
with traditional molding.[5‑7] Various types of IOS are 
available that can scan dental restorations, surgical 
guides, and other items with high accuracy. Some of 
these systems can produce 3D images and allow for the 
direct fabrication of the desired restoration. This process 
is known as computer‑aided design/computer‑aided 
manufacturing  (CAD/CAM) and involves the use of a 
system to prepare the cut tooth.[6,7]

IOS technology eliminates the need for traditional 
trays to store molding materials. Instead, optical or 
light images are taken from within the mouth and 
sent directly to a computer for viewing or saving, 
resulting in improved template quality, especially in 
the cut line areas and chipped teeth.[7‑9] The clinician 
can repeat the template until the desired outcome 
is achieved, increasing productivity and patient 
comfort. IOS files can be stored in small spaces, 
and various software have been developed to use the 
information and models obtained from IOS. However, 
IOS technology has drawbacks, such as expensive 
equipment and relatively long scanning times, which 
may affect treatment outcomes.[8‑12] Therefore, the 
accuracy of the images produced by IOS is essential 
to achieve favorable treatment results. Several studies 
have investigated the accuracy of digital scanning 
techniques in dental implant and restoration processes. 
However, the accuracy of these scanners varies 
depending on the device type and application.[13‑21] The 
presence of reference points is crucial for evaluating 
the accuracy of digital models produced by IOS. Most 
studies evaluating the accuracy of digital models use 
calipers, which increases the risk of carelessness in the 

evaluation.[13‑16] Therefore, the aim of this study is to 
compare the dimensional accuracy of models produced 
by the IOS method to traditional molding systems 
to obtain favorable and quality treatment results. In 
traditional dentistry, molding techniques were used for 
registering the three‑dimensional structure of dental 
tissues. However, the volume changes of the material 
and dental casts could lead to errors in the final result, 
requiring flawless efforts of dental laboratories.[17‑22] 
To overcome these problems, the use of IOS systems 
for digital molding began to spread. With the help of 
CAD/CAM devices, treatment planning has become 
easier, leading to reduced operating time, storage 
requirements, and treatment duration. The IOS system 
consists of a handheld camera, computer, and software, 
with the standard application being the STL format. 
This digital format is widely used in many industrial 
sectors apart from dentistry.[23‑37] Many studies have 
been conducted to investigate the accuracy of digital 
molding techniques.[38‑43] Mennito et  al.[44] compared 
the accuracy of seven digital molding systems with 
conventional techniques, using chiseled and intact 
teeth as well as palatal tissue of the human maxilla. 
They found that all digital molding techniques, except 
Planscan, were able to reproduce the shape of bones 
and teeth accurately. Ender et  al.[45] compared the 
accuracy of complete and partial jaw arch molds 
obtained through IOS systems with traditional molding 
techniques. They found that the digital molding 
method is a suitable alternative for the molding of the 
maxillary part, but complete jaw molding remains a 
challenge for IOS systems. The performance of some 
devices can be efficient in this field. Two studies 
have compared the accuracy of digital and traditional 
molding systems. Keul and Güth[46] compared the 
accuracy of digital and traditional molding systems in 
arch registration. They found that the iTero‑scan and 
M‑SCAN methods showed similar or better results in 
terms of accuracy compared to other methods. Tomita 
et  al.[15] in Japan investigated the accuracy of digital 
production models obtained through IOS techniques 
and traditional formats. They found no statistically 
significant difference between the accuracy of the IOS 
technique and traditional molding techniques using 
alginate and PVS. It was also concluded that using 
IOS directly is more accurate than scanning plaster 
models obtained from alginate or PVS. The purpose 
of this study is to compare the dimensional accuracy 
of digital models obtained through intraoral scanning 
with traditional molding systems.[36‑43] To achieve this, 
the mesiodistal, buccolingual, and occlusogingival 
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dimensions of the central teeth up to the maxillary 
right first molar will be measured on the reference 
cast, as well as using the IOS method and molding 
with alginate.

MATERIALS AND METHODS

The present study used 16 plaster casts of a patient’s 
dental system as a dimensionally stable reference. 
The study is an experimental and laboratory study 
and the data collection technique used was laboratory 
observation with a two‑sided test method. The sample 
size was 16 items in each experimental group. The 
study compared digital models obtained through 
the IOS method and traditional molding systems. 
Research questions will focus on the accuracy and 
level of agreement between the different methods, as 
well as the advantages and disadvantages of the IOS 
method compared to traditional molding systems. The 
study aims to provide valuable insights into the use of 
digital models in dentistry.
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Two methods were used to make the models: one 
involved scanning a one‑time reference cast using 
CEREC AC® Connect, and the other involved 
obtaining 16 alginate molds from the reference cast 
using traditional molding methods. The measurements 
were taken using a digital caliper and reference points 
were measured and recorded by a laboratory technician. 
The measurement reference points in the study included 
the most central points in dimensional distances 
mesiodistal, buccolingual, and occlusogingival in the 
central teeth to the first molar on the right side of 
the upper jaw. The present study did not involve any 
human subjects, and the raw data were obtained from 
the artificial models. Therefore, there were no ethical 
considerations for this study. The relevant code of ethics 
was obtained from the ethics committee of the Islamic 
Azad University, Khorasgan Branch. The data analysis 
was performed using descriptive indicators such as 
minimum, maximum, average, standard deviation, and 
statistical charts at the descriptive level, and analysis 
of variance with repeated measures and independent 
t‑test at the inferential level. The statistical analysis 
was conducted at a 5% error level using SPSS software 
version  24, and GraphPad Prism 8  (7825 Fay Ave, 
Ste 230, La Jolla, CA 92037, US) was used to draw 
graphs from the software. The current investigation is 
conducted in a laboratory setting, relying exclusively 

on artificial models for data collection, thereby 
eliminating the ethical concerns associated with the 
study. Nevertheless, the necessary ethical approval has 
been granted by the Ethics Committee of Islamic Azad 
University, Khorasgan Branch. Ethics Code: IR.IAU.
KHUISF.REC.1399.006.

RESULTS

The results of the study are organized into two 
sections: descriptive and inferential analysis.[47‑49] 
The results indicate the distribution of values and 
average dimensions of the mesiodistal, buccolingual, 
and occlusogingival measurements of the central 
right and left first molars of the maxilla, as assessed 
using both the intraoral scanning  (IOS) method and 
the alginate molding technique.[49‑53] The comparison 
of the average dimensions between the three methods 
was done using the repeated‑measures analysis of 
variance. A significant difference was observed in the 
average sizes of U.L.C.I. and U.R.F.M. teeth based 
on the results of this test. The results of the post hoc 
Bonferroni test indicated that the average size of the 
U.R.F.M. tooth obtained using the IOS method was 
significantly greater than that of the reference cast; 
however, no significant difference was found between 
the reference cast and the alginate molding method. 
Moreover, the average sizes recorded for both the 
IOS methods and the alginate molding method did 
not demonstrate any significant differences. In the 
case of the U.L.C.I. tooth, the Bonferroni post hoc 
test results revealed that the average size in the 
IOS method was significantly larger than that of the 
reference cast, while no significant difference was 
noted between the reference cast and the alginate 
molding method. In addition, the average sizes for the 
two IOS methods and the alginate molding method 
showed no significant differences.[54‑56] Figure 1 shows 
the digital inter‑point measurement of lingual baculo 
teeth UL FM. The lingual baculo teeth are located in 
the upper left side of the maxillary arch, specifically 
the first molar  (UL6) and the second molar  (UL7). 
The inter‑point measurement refers to the distance 
between two specific points on the teeth, which in 
this case are being measured digitally using an IOS.

Figure  2 shows the measurement between the 
mesiodistal digital points of the tooth ULCI. ULCI 
stands for upper left central incisor, which is one 
of the front teeth in the maxillary arch. Mesiodistal 
refers to the distance between the mesial  (toward the 



Figure  1: Digital inter-point measurement of lingual baculo 
teeth UL FM.

Figure 2: Measurement between the mesiodistal digital points 
of the tooth ULCI.

Figure 3: Measuring between the mesiodistal digital points of 
the tooth URFPM.

Figure 4: Digital occluso-gingival inter-point measurement of 
teeth ULC.
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midline) and distal  (away from the midline) surfaces 
of the tooth.

Figure  3 shows the measurement between the 
mesiodistal digital points of the tooth URFPM. 
URFPM stands for upper right first premolar, which is 
located in the upper right side of the maxillary arch, 
between the canine and the second premolar.

Mesiodistal refers to the distance between the 
mesial  (toward the midline) and distal  (away from 
the midline) surfaces of the tooth. Figure 4 shows the 
digital occluso‑gingival inter‑point measurement of 
teeth ULC.

ULC stands for upper left central incisor, which 
is one of the front teeth in the maxillary arch. 
Occluso‑gingival refers to the distance between the 
biting surface of the tooth  (occlusal surface) and the 
gum line  (gingival margin). Figure  5 shows the cast 
casts of alginate molds.

The alginate molds were created using traditional 
impression techniques, which involve taking a 
physical impression of the patient’s teeth using a 
soft, putty‑like material called alginate. The alginate 
is placed in a tray and inserted into the patient’s 

mouth, where it is allowed to set and harden. Once 
the alginate has set, it is removed from the mouth and 
used to create a cast of the patient’s teeth. Figure  6 
shows the measurement between the buccolingual 
points of the ULCI tooth in cast plaster of an alginate 
mold.

ULCI stands for upper left central incisor, which is one 
of the front teeth in the maxillary arch. Buccolingual 
refers to the distance between the buccal  (outer) and 
lingual  (inner) surfaces of the tooth. Figure  7 shows 
the distribution of values and average mesiodistal 
dimensions of the central teeth to the maxillary right 
first molar on the reference cast.

The maxillary right first molar is located in the upper 
right side of the maxillary arch, and the central teeth 
refer to the central incisors. The mesiodistal dimension 
refers to the distance between the mesial  (toward the 
midline) and distal  (away from the midline) surfaces 
of the teeth. In this study, the mesiodistal dimensions 
of the central teeth to the maxillary right first molar 
on the reference cast were measured using a digital 
caliper. Figure 8 shows the distribution of values and 



Figure 5: Cast casts of alginate molds.

Figure 6: Measurement between the buccolingual points of the 
ULCI tooth in the cast plaster of alginate mold.

Figure  7: Distribution of values and average mesiodistal 
dimensions of the central teeth to the maxillary right first molar 
on the reference cast.

Figure  8: Distribution of values and average buccolingual 
dimensions of central teeth to maxillary right first molar on the 
reference cast.
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average buccolingual dimensions of the central teeth 
to the maxillary right first molar on the reference cast.

The maxillary right first molar is located in the upper 
right side of the maxillary arch, and the central 
teeth refer to the central incisors. The buccolingual 
dimension refers to the distance between the 
buccal  (outer) and lingual  (inner) surfaces of the 
teeth. In this study, the buccolingual dimensions of the 
central teeth to the maxillary right first molar on the 
reference cast were measured using a digital caliper. 
Figure 9 shows the distribution of values and average 
occlusogingival dimensions of the central teeth to the 
maxillary right first molar on the reference cast.

The maxillary right first molar is located in the upper 
right side of the maxillary arch, and the central 
teeth refer to the central incisors. Figure  10 shows 
the distribution of values and average mesiodistal 
dimensions of the central teeth to the first molar on 
the right side of the maxilla by the IOS method.

The first molar on the right side of the maxilla 
refers to the upper right first molar, which is 
located in the upper right side of the maxillary 
arch, and the central teeth refer to the central 
incisors. Figure 11 shows the distribution of values 
and average buccolingual dimensions of the central 
teeth to the first molar on the right side of the 
maxilla by the IOS method. The first molar on the 
right side of the maxilla refers to the upper right 
first molar, which is located in the upper right side 
of the maxillary arch, and the central teeth refer to 
the central incisors.

The buccolingual dimension refers to the distance 
between the buccal  (outer) and lingual  (inner) 
surfaces of the teeth. In this study, the buccolingual 
dimensions of the central teeth to the upper right first 
molar on the right side of the maxilla were measured 
using an IOS. Figure  12 shows the distribution of 
values and average occlusogingival dimensions of the 



Figure  10: Distribution of values and average mesiodistal 
dimensions of the central teeth to the first molar on the right 
side of the maxilla by method intraoral scanner.

Figure 11: Distribution of values and average buccolingual 
dimensions of the central teeth to the first molar on the right 
side of the maxilla by method intraoral scanner.

Figure 12: Distribution of values and average occlusogingival 
dimensions of the central teeth to the first molar on the right 
side of the maxilla by method intraoral scanner.

Figure 9: Distribution of values and average occlusogingival 
dimensions of the central teeth to the maxillary right first molar 
on the reference cast.
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central teeth to the first molar on the right side of the 
maxilla by the IOS method.

The occlusogingival dimension refers to the distance 
between the biting surface of the tooth  (occlusal 
surface) and the gum line  (gingival margin). In this 
study, the occlusogingival dimensions of the central 
teeth to the upper right first molar on the right 
side of the maxilla were measured using an IOS. 
Both Figures  11 and 12 demonstrate the range of 
dimensions for each tooth and the average dimension 
indicated by the red line. The central incisors  (CI) 
have the smallest dimensions, followed by the lateral 
incisors (LI) and the canines (C), with the upper right 
first molar (UR6) having the largest dimensions.

DISCUSSION

The use of IOSs for digital measurement provides 
a reliable and efficient method for obtaining the 
accurate measurements of dental structures, which 

can improve the precision and efficiency of dental 
treatments. Figure 13 shows the distribution of values 
and average mesiodistal dimensions of the central 
teeth to the maxillary right first molar by molding 
with alginate.

The maxillary right first molar is located in the upper 
right side of the maxillary arch, and the central teeth 
refer to the central incisors. The mesiodistal dimension 
refers to the distance between the mesial  (toward the 
midline) and distal  (away from the midline) surfaces 
of the teeth. The results of the study showed that, in 
general, there were statistically significant differences 
in the sizes of the central teeth to the first molars 
between the IOS and alginate methods compared to 
the reference cast. However, the differences were 
small, ranging from 0.71 to 1.26 mm, and only a few 
teeth showed significant differences in the mesiodistal 
and buccolingual dimensions. The alginate method 
provided slightly more accurate templates in this 
study. Other studies have also compared the accuracy 



Figure 13: Distribution of the values and average mesiodistal 
dimensions of the central teeth to the maxillary right first molar 
by molding with alginate.
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of IOS and traditional molding techniques and found 
that IOS can be a viable alternative to traditional 
molding, particularly when reconstructing up to 10 
dental units. The digital molding techniques offer 
advantages over traditional methods, including 
increased patient comfort, the ability to repeat the 
format as needed, and the possibility of implementing 
different treatment plans in the virtual form. Ender 
et al.,[45] it was found that IOS systems have limitations 
in accurately capturing the complete dental arch, 
but they can be a suitable alternative to traditional 
methods for partial arches. Imburgia et  al.[50] also 
concluded in a similar study that IOS performs better 
in partial arch models with implant analogs. A review 
of studies conducted over a 10‑year period found that 
IOS systems generally perform poorly in long‑span 
restorations and in recording the depth of the edges 
of the prepared lathe.[57‑60] However, IOS is accurate 
in recording the details for short‑length prosthetic 
restorations for natural teeth and implants and can 
be used in designing smiles, mobile prostheses, and 
obturators. In the current study, the IOS system 
showed greater differences compared to the reference 
cast in three teeth in the buccolingual dimensions and 
one tooth in the mesiodistal dimensions out of the 12 
teeth examined. However, it should be noted that user 
error in measuring between points, calibration, and 
brand type of the scanner can also affect the accuracy 
of the measurements.

The present laboratory examination only evaluated 
arches with teeth in the upper jaw outside the oral 
cavity, and up to six teeth from the midline will be 
comparable. Evaluation in other conditions, such 
as edentulous arches, may have different outcomes 
due to having more levels of tissues not connected 

to teeth. In addition, the effects of the oral cavity’s 
environmental conditions were not evaluated in the 
present investigation.[61‑65] When choosing between 
digital and traditional molding methods, factors such 
as patient comfort, duration and cost of the molding 
process should be considered. While obtaining an 
alginate mold takes less time than the IOS technique, 
the laboratory work for plastering and casting may 
take a similar amount of time. However, in any 
case, the amount of time spent on the patient in the 
digital technique will be less.[66‑70] Recent research 
emphasizes significant developments in materials 
science, concentrating on novel approaches to improve 
the properties of scaffolds for biomedical applications.

CONCLUSION

In the present study, we compared the dimensional 
accuracy of digital and traditional molding methods 
using the CEREC AC system and alginate material, 
respectively, in the context of a complete arch of 
the upper jaw. The results indicate that there were 
statistically significant differences in the sizes of a 
small number of teeth between the IOS and alginate 
methods compared to the reference cast, with the 
alginate method providing slightly more accurate 
results. However, the IOS method is generally 
considered reliable for most measurements. One 
limitation of this study is the lack of access to different 
brands of IOS devices, which could have affected the 
quality of the study output. It is recommended to 
conduct more studies in clinical conditions, including 
investigating the presence of saliva and the limitations 
of the oral cavity, the use of different brands of IOS 
systems, and the comparison of partial and complete 
dental arches of the jaws to better understand the 
factors affecting the accuracy of the molds’ output.
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