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comparing the occlusal contact areas and the overlapping ratios of occlusal contact areas obtained
from these systems.

Material and methods: The occlusal contact of 20 adolescents with normal occlusion was measured
with the T-scan system and the Cerec Omnicam system, respectively. The occlusal contact areas in
the intercuspal position were then quantified with Adobe Photoshop CS6 Software. The same
procedure was repeated for each subject using with 8 pm articulating paper as the control group.
The overlapping ratio of T-scan system and Cerec Omnicam system was calculated respectively,
which is defined as the ratio of overlapping areas comparing with those obtained from articu-
lating paper. To examine the accuracy of T-scan system and Cerec Omnicam system, the Paired t-
test was applied. The reproducibility of T-scan system was evaluated with Wilcoxon matched-
pairs signed-ranks test by comparing the occlusal contact areas between two repeated measure-
ments. In all statistical analysis, the level of significance was set to o = 0.05.

Results: Results demonstrated measured occlusal contact areas were significantly different be-
tween those obtained between T-scan system and Cerec Omnicam system (P < 0.05). The tooth
position of two-dimensional virtual dental arch established by T-scan system based on the width
of the central incisor was in disagreement with the actual tooth position. The overlapping ratios
obtained from Cerec Omnicam system were higher than those obtained from the T-Scan system
(P < 0.05). The sensitivity of T-Scan system in anterior teeth area decreased when sensors are
used more than once (P < 0.05).

Conclusions: In the intercuspal position, the accuracy of Cerec Omnicam system for occlusal
contact assessment is higher than that of T-scan system. The T-scan system demonstrates good
reproducibility in the premolar region and the molar region, but poor reproducibility in the
anterior teeth region.

Clinical implications: In the intercuspal position, Cerec Omnicam system is more accurate than T-
scan system, which can quantitatively analyze occlusal relationship in terms of number, position,
size and distribution of occlusal contact points. When evaluating occlusal contacts, the accuracy
of T-scan system in anterior teeth region is significantly lower than that of premolar and molar
regions.
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1. Introduction

In accordance with the Glossary of Prosthodontic Terms, occlusion is defined as a static relationship between the contact surfaces of
the upper and lower teeth, which needs to be balanced to the greatest extent [1]. Simultaneous contact of all posterior teeth and
uniformly distributed occlusal forces are essential for the ideal occlusion [2]. Therefore, the assessment of occlusal contact areas is
essential in clinical scenarios. During occlusal treatment, accurate measurement of occlusal contact can provide valuable information
for the establishment of occlusal harmony [3].

To provide a theoretical basis for the diagnostic purposes of occlusion-related diseases such as occlusal interference and tempo-
romandibular disorders (TMD), occlusal indicators which can locate and define occlusal contact are used for the evaluation of occlusal
relationship. On the basis of their measurement capabilities, a wide range of existing indicators can be roughly divided into two
categories, conventional and digital indicators. For conventional indicators, such as articulating paper and foil, only the location and
number of occlusal contacts can be determined. However, these indicators such as have been irreplaceable for clinical daily practice.
Digital indicators, such as T-scan system, come with the added capability of measuring the time and force to dynamically analyze
occlusal contacts and record the distribution of occlusal force in different regions [4]. Aided by the T-scan system, dental arches could
be imported digitally to help clinicians analyze occlusal contacts more accurately. However, the reproducibility of T-scan system are
still controversial. Results from previous studies have showed that T-scan system could be a fast way to record and analyze the occlusal
contacts and confirmed the valuable reliability of this device [5,6]. However, other researchers reported that the sensitivity of the
T-scan sensors decreased when they are used more than once [7]. In addition, occlusal relationships may change when putting the
sensor film into the oral cavity.

With the rapid development of digital technology in stomatology, dental practitioners can scan the dental arches and obtain oc-
clusion relationship in a 3D manner with the help of intraoral scanner. The CEREC Omnicam system has introduced the possibility of
evaluating the occlusal relationship at the design stage with the help of its occlusion mode, which is different from the T-Scan system
and conventional indicators. This method eliminates the disadvantages of T-scan sensor and enables the practitioners to digitally
evaluate the number, location, size and distribution of the occlusal contacts [8]. However, the accuracy of intraoral scanner such as
CEREC Omnicam remains controversial [9]. In previous studies, the accuracy of digital interocclusal record and T-scan system was
evaluated qualitatively by comparing the numbers and distribution of occlusal contacts to those obtained using the articulating paper
[10]. However, there are very limited research studies to quantitatively evaluate the accuracy of occlusal indicators by comparing
occlusal contact areas. It is therefore important to the ease and quantification of new digital equipment for digital analysis of occlusal
contacts and to make it easier for the beginning clinician.

Accordingly, the objective of this study was to determine the accuracy of T-scan system and Cerec Omnicam system with respect to
the evaluation of occlusal contact areas to provide a reference for the clinical application of digital occlusal reconstruction and
diagnosis of occlusion-related diseases. Numerous previous studies have already been conducted comparing the digital indicators with
articulating paper in toothed arches [10]. However, in this study, a specific method was used to analyze the accuracy of T-scan system
and Cerec Omnicam system for occlusal analysis by quantitatively comparing the overlapping ratio with respect to results measured by
8 um articulating paper, respectively. The study hypothesis was that the Cerec Omnicam system presented higher accuracy with T-scan
system for occlusal contact measurement.

2. Materials and methods
2.1. Subjects

The study protocol was approved by the institution’s ethics committee and was performed in accordance with the principles of the
Declaration of Helsinki (No. [2019]-R-76). Subjects that fulfilled the following inclusion criteria were recruited: (i) a full permanent

Fig. 1. Oocclusal contacts of upper left teeth photographed by digital camera.
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dentition of at least 28 teeth; (ii) no restorations, no dental defects, and healthy teeth and periodontal tissue; (iii) normal occlusal
relationship with opposing posterior teeth in contact during lateral excursions; (iv) the intercuspal position was stable. The following
exclusion criteria were applied: (i) anterior open occlusions absent of anterior guidance contacts; (ii) subjects who had experienced
prior treatment for TMD or occlusal adjustment treatment. Written informed consent was obtained from 20 adolescents. For each
subject, the head position was adjusted so that the headrest can be parallel to the floor in the Frankfurt horizontal plane. Besides, the
maxillary and mandibular dentition were isolated and dried using an air syringe before the experiment. All tests are completed by the
same experienced and trained examiner. To achieve standardization between different methods, recordings obtained from T-Scan
system and CEREC Omnicam system were taken consecutively without changing the subject’s position.

2.2. Occlusal contact measurement

A colored articulating paper (Arti-Fol 8 pm, Dr. Jean Bausch Gmbh & Co. KG, Germany) was placed between the occlusal surfaces of
the maxillary and mandibular teeth, the subjects were asked to close the mandible and to occlude on the articulating paper with
maximum force, marking the occlusal contacts in the intercuspal position. The occlusal contacts of upper left teeth were photographed
and these images were collected for analysis (Fig. 1).

Digital scans of the maxillary and mandibular dental arches were made using an intraoral scanner (Cerec Omnicam, Sirona,
Germany). Based on the principle of stereophotogrammetry, CEREC Omnicam system can scan the dental arches and obtain occlusion
relationship in a 3D manner. The camera of CEREC Omnicam system was placed in the mouth. Starting in the center of the occlusion,
data were obtained by moving the scanner to the mesial, lingual, distal, and buccal surfaces in succession. Images of the lower jaw
teeth, upper jaw teeth were obtained, respectively. Then, the subject was instructed to bite with maximum force, and the buccal
surfaces of the teeth were captured in order to automatically match the dental arches and generate the occlusal contacts in the
intercuspal position. The virtual dentition was rotated to demonstrate occlusal contacts marked in the intercuspal position. Imagines of
contacts marks on the upper left teeth were saved (Fig. 2).

The mesiodistal width of the maxillary central incisor was measured by a vernier caliper. The measured width was input into the
companion software of T-scan system (T-Scan software version 8, TekScan, USA) to establish a virtual two-dimensional dental arch
model for each subject. An appropriately-sized sensor of T-scan system (T-scan III, TekScan, USA) was selected based on the size of
dental arch. To adjust the sensitivity of the sensor to each subject, a first and single bite recording was taken. Then, subjects were asked
to occlude on the recording material up to 3s with maximum force from mandibular postural position to intercuspal position. This
procedure was performed two times for each subject. The contact marks of upper left teeth were recorded (Fig. 3).

2.3. Data synthesis

The recorded images of contact areas obtained from articulating paper, T-scan system and Cerec Omnicam system were recorded in.
jpeg format and then processed using Adobe Photoshop CS6. Because the sensor of T-scan system is about 100 pm thick, in this study, to
ensure accurate comparison, the detection distance of Cerec Omnicam system was set to 100 pm. All areas less within this distance
were recorded, while areas beyond the 100 pm detection distance were regarded as the non-occlusal contact areas.

The number of pixels in occlusal contacts of each subject in all measurements obtained with the three methods was determined with
pixel-based photographic procedure program of Adobe Photoshop CS6. After determining where the occlusal contact areas were, their
sizes were measured. Then, the images were overlapped with the help of picture processing techniques. Using images obtained by
articulating paper as reference, images obtained by T-scan system and Cerec Omnicam system were rotated and adjusted to align and
overlap with the control group by overlapping the teeth (Figs. 4 and 5). Overlapping areas of T-scan system or Cerec Omnicam system
with were obtained, and overlapping ratios were calculated based on the overlapping areas. To evaluate the sensitivity of T-scan
system when the sensors are used more than once, the differences of occlusal contact areas between two measurements were

Fig. 2. Occlusal contacts of upper left teeth obtained by Cerec Omnicam system.
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Fig. 3. Occlusal contacts of upper left teeth obtained by T-scan system.

compared.

2.4. Statistical analysis

SPSS 27.0 software was used for statistical analysis of data. Paired t-test was performed to analyze the differences of occlusal
contact areas and overlapping ratios in occlusal contact areas between T-scan system and Cerec Omnicam system. The reproducibility
of the T-scan system was evaluated with Wilcoxon matched-pairs signed-ranks test by comparing the occlusal contact areas of two
measurements. The difference was considered as statistically significant when P value < 0.05.

3. Results

Results obtained from Cerec Omnicam system were consistent with those detected by articulating paper when qualitatively
comparing the distribution of occlusal contact areas using images obtained by each method. Teeth positions of two-dimensional virtual
dental arch established by the T-scan system based on the mesiodistal width of the central incisor were in disagreement with actual
teeth positions (Figs. 4 and 5).

Contact areas of the anterior teeth, premolar and molar regions of the upper left teeth, obtained by three methods, were compared.
Results showed that the distribution trends of occlusal contact areas measured by the three methods were basically the same: the molar
region had the largest occlusal contact area and the anterior teeth region had the smallest. The occlusal contact area measured by Cerec
Omnicam system was smaller than that measured by T-scan system, and the difference was statistically significant (P < 0.05)
(Fig. 6A-D).

The overlapping area of occlusal contact and the overlapping ratio of T-scan system or Cerec Omnicam system with respect to the
articulating paper was calculated, respectively. The result showed that the overlapping ratio of Cerec Omnicam system was higher than
that of the T-Scan system (P < 0.05). In the intercuspal position, there was no significant difference in overlapping ratios between T-
scan system and Cerec Omnicam system in premolar and molar regions (P > 0.05), while the difference in anterior teeth region was
statistically significant (P < 0.05) (Fig. 7A-D).

The occlusal contact area of three different regions from the two T-scan system measurements was calculated and compared.

Fig. 4. Overlapping images between articulating paper and T-scan system.
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Fig. 5. Overlapping images between articulating paper and Cerec Omnicam system.
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Fig. 6. The occlusal contact area measured by articulating paper, T-scan system and Cerec Omnicam system. ( A, anterior teeth; B, premolars; C,
molars; D, complete dentition).

Difference between the repeated measurements for the premolar and molar regions was not statistically significant, while that for the
anterior teeth region was statistically significant (P < 0.05) (Fig. 8A-D).

4. Discussion

The present study was performed to assess whether the Cerec Omnicam system presented high accuracy with T-scan system for
occlusal contact measurement. The results of this study showed that the overlapping ratio of Cerec Omnicam system was higher than
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Fig. 7. The overlapping ratios of T-scan system and Cerec Omnicam system ( A, anterior teeth; B, premolars; C, molars; D, complete dentition).

that of the T-scan system (P < 0.05), which indicates higher accuracy for occlusal contact measurement using the Cerec Omnicam
system.

Tooth occlusion plays an important role in the health of temporomandibular joint, nerve, and muscle [11,12]. Therefore, the
measurement and analysis of occlusal contact is of great significance in the field of prosthodontics. To make an accurate diagnosis and
minimize possible mistakes in occlusal analysis, a number of methods, including articulating paper, silk strips and foils, are currently
used during clinical treatments to determine occlusal contacts [13]. Because of the low cost and easy application, conventional in-
dicators such as articulating paper are used primarily by the dental community. Published studies on occlusal indicators have
demonstrated that their thickness should be less than 21 pm, so patients will not feel them in their mouth [14]. Malta et al. [15] have
found that there exists some differences between the labeled thickness and actual measured thickness for some of the currently
available occlusal materials. The actual thickness of Arti-Fol 8 pm articulating paper was 19.8 pm, which is within the range of ideal
thickness. Accordingly, to reduce the influence of the thickness of articulating papers and provide accurate conclusion, the Arti-Fol 8
pm articulating paper from Dr. Jean Bausch Gmbh & Co. KG was selected as the control group in this study. The primary objective of
the present study was to evaluate the accuracy of occlusal contact assessment between T-scan system and Cerec Omnicam system.
Accordingly, there should be a control group measured by articulating paper to define the overlapping ratios of T-scan system and
Cerec Omnicam system in this study. In addition, studies have shown that wet environment had a significant impact on the occlusal
results and drying the mouth thoroughly before testing therefore may affect the success of occlusal analysis [16]. Therefore, to improve
the reliability of occlusal analysis, the maxillary and mandibular dentition was isolated and dried using an air syringe before the
experiment.

The mandible position was influenced by the position of the body. Different occlusal contacts can be recorded in the same subject
because of various chair angles and head inclination [17]. In addition, a previous study reported that the longest occlusion time could
be detected in the horizontal position [18]. The objective of this study was to compare the occlusal contact areas obtained from three
methods in the same position. Therefore, to achieve standardization, recordings were taken from the same head position for each
subject, which was adjusted to be parallel to the Frankfurt horizontal plane. Moreover, to minimize the potential practitioner-origin
differences, recording procedures were conducted by the same experienced operator.
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Fig. 8. The differences of occlusal contact areas between two T-scan system measurements ( A, anterior teeth; B, premolars; C, molars; D, com-
plete dentition).

With enabled data transmission by connecting with a computer, the T-scan system can record the location, range and occlusal force
of each occlusal contact point, as well as changes of these occlusion characteristics over time. However, it should be emphasized that
different subjects have various bite force, which affects the intensity of contact of the teeth. Accordingly, in the present study, the
sensitivity of sensor in T-scan system was individually adjusted before each recording to eliminate the potential differences from
individual bite forces. Tosa et al. [19] reported that 68% of incisors had an interocclusal space of more than 60 pm and occlusal contact
points were concentrated in the molar region while the anterior teeth were not in contact. The thickness of T-scan sensor is about 100
pm, false contact imprint will be formed when this thickness exceeds the height of non-occlusive space. Furthermore, when placed
between the maxillary and mandibular teeth, it might interfere with the subject, and cannot fully reflect the occlusal contact infor-
mation. Forrester et al. [20] have found that the plastic T-Scan sensor can change surface electromyography activity during occlusion,
which may affect the reliability of the measurement. Results of this study showed that in the anterior teeth region, the accuracy of the
T-scan system was significantly lower than that of the premolar and molar regions, which indicates that it is not accurate enough for
determining the occlusal contact of anterior teeth. In addition, when aligning and overlapping the two-dimensional views between the
T-scan system and control group, we found that the tooth position in the two-dimensional virtual dental arch established by the T-scan
system based on the width of the central incisor was in disagreement with the actual position.

During the measurement, many subjects mentioned that the comfort of occlusal movement was affected by the bulky T-scan sensor.
Due to this change in oral cavity, the coordination of masticatory muscles was affected and the occlusal position of subjects was
changed. Moreover, the elasticity of the T-scan sensor was reduced because it was tightly fitted with the handle. Currently, the
reproducibility of the T-scan system is still controversial. In this study, Bland-Altman method was used to measure the calculated
occlusal contact areas obtained by T-scan system for two repeated measurements. The results of Fig. 8A-D demonstrated no significant
difference in the premolar region and molar region and complete dentition (P > 0.05), but the difference in anterior teeth region was
statistically significant (P < 0.05), indicating that the T-scan system has good reproducibility in the premolar area and molar regions,
but poor reproducibility in the anterior teeth region.

Currently, dentists’ understanding of occlusal contact recorded by articulating paper depends on subjective judgments such as color
and area. By measuring different applied occlusal load using articulating paper, Carey et al. [21] reported that no direct relationship
between the scope of marked regions and magnitude of the applied occlusal load could be found, despite the trend of increasing
marked area with elevating load. Recently, digital technology has developed rapidly in the field of stomatology. Three-dimensional
virtual dentition can be obtained using an intraoral scanner. With this method, the occlusal contact areas can be obtained more
accurately, and the occlusal relationship can be analyzed more objectively. In addition, it avoids the disadvantages of T-scan system to
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some extent because it does not rely on the detection medium. By generating three-dimensional dentition through continuous optical
image acquisition, the Cerec Omnicam system can clearly display intraocclusal distance based on the color change, which indirectly
reflects occlusal force and can analyze occlusal contact more accurately [22]. After using Paired t-test to evaluate the overlapping
ratios between T-scan system and Cerec Omnicam system, The results of Fig. 7A-D indicated the accuracy of occlusal contact mea-
surement of Cerec Omnicam system was higher than that of the T-scan system in terms of the anterior teeth region and complete
dentition, while no significant difference was found in premolar and molar regions.

In the process of intraoral scanning, continuous focusing and image acquisition result an enormous amount of data being collected.
Due to the limitation of data processing capacity, the obtained details of occlusal pits and fissures are not consistent with the actual
situation, which increases the difficulty of recording occlusal relationship and affects the accuracy of scanning to some extent. A
previous study reported that the precision of intraoral scanning is clinically acceptable when the scanning scope is less than half arch,
but it decreases as the scanning scope increases [23]. To avoid scanning bias, in this study, the Cerec Omnicam system was used to scan
the upper left teeth. The results showed that the number of occlusal contact points and the shape of the teeth captured by this system
were basically the same as those of the control group, although the relative position of dental arch was still partly deviated, which
indicates that the Cerec Omnicam system may be valuable for clinicians with respect to occlusal contact assessment. In addition,
because the Cerec Omnicam system mainly captures images of soft and hard tissues in the oral cavity, due to the complex occlusal
surface for molar, it is relatively difficult to target the shapes of occlusal surface accurately during the scanning process, which affects
the accuracy.

The present study has some limitations. First of all, to analyze the reliability of the digital occlusal contacts, it is necessary to
compare with a gold standard. Accordingly, the articulating paper was used as the control group in the present study. However, the
density interpretation in areas marked with this indicator may be subjective to a certain extent. Since we focused on the occlusal
contact areas of upper left teeth to determine the accuracy of digital indicators, we did not scan the complete dentition to improve the
accuracy and the molar region in the upper right teeth may be influenced during the overlapping process. In addition, occlusal contacts
are distributed not only in a bidimensional space but rather in a three-dimensional space. However, this study only evaluate the
occlusal contacts in a 2D manner because of incompatibility of dimensions and difficulty of standardization. Based on the present
study, further researches may focus on evaluating different relationships between upper and lower teeth, various bite force and dis-
tribution of occlusal contacts to provide additional references on this area.

5. Conclusions
Based on the findings of this study, the following conclusions were drawn.

1. When evaluating occlusal contacts, the accuracy of T-scan system in anterior teeth region is significantly lower than that of pre-
molar and molar regions.

2. In the intercuspal position, Cerec Omnicam system is more accurate than T-scan system, which can quantitatively analyze occlusal
relationship in terms of number, position, size and distribution of occlusal contact points.

3. When used more than once, the T-scan system has good reproducibility in premolar area and molar regions, but poor reproduc-
ibility in the anterior teeth region.
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