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Abstract

Background: This study aims to evaluate the effect of crown preparation height on the trueness 
of intraoral scanners (IOS) by comparing 2 different scanners at varying preparation heights.

Methods: A typodont model was prepared with a chamfer finish line at 2 different crown heights 
(7 mm and 5 mm). A laboratory scanner (E1, 3Shape, Copenhagen, Denmark) was used to 
obtain a reference scan. Intraoral scanners, Trios 3 (3Shape, Copenhagen, Denmark) and iTero 
Element 5D Plus (Align Technologies, San Jose, USA), were used for digital impressions. Ten scans 
were taken for each preparation height per scanner, resulting in a total of 40 scans. The trueness 
was assessed using Geomagic Control X software by calculating root mean square (RMS) error 
values between IOS scans and the reference model. Statistical analysis was performed using IBM 
SPSS v29. An independent sample t-test was applied (α = 0.05).

Results: The iTero scanner exhibited significantly lower RMS values (0.040 ± 0.005 mm) com-
pared to the Trios 3 scanner (0.049 ± 0.006 mm, P < .001), indicating higher overall trueness. 
The Trios 3 scanner showed a significant difference in trueness between 5 mm (0.051 ± 0.005 
mm) and 7 mm (0.046 ± 0.006 mm) preparations (P = .043), demonstrating improved trueness 
with greater preparation height. In contrast, the iTero scanner maintained consistent trueness 
across both preparation heights (P = .451).

Conclusion: The trueness varies depending on the intraoral scanner used. Crown height is a factor 
that affects trueness depending on the scanner.

Keywords: Intraoral scanner, preparation height, trueness

INTRODUCTION

In recent years, digital dentistry has emerged as a transformative approach providing 
a compelling alternative to conventional workflows, particularly through the use of 
intraoral scanners for digital impressions. This technology offers various benefits, includ-
ing a reduction in patient visits and enhanced comfort during the impression process.1 
Digital impressions yield highly accurate restorations, minimizing errors and improving 
outcomes.2 The ability to archive data digitally also streamlines treatment planning and 
record-keeping.3

The trueness of digital scanners is paramount in the realm of digital dentistry, as it 
directly influences the fit of restorations produced from digital impressions. High 

What is already known on 
this topic?
•	 Digital impressions using intra-

oral scanners are widely used in 
prosthodontics due to their high 
trueness and patient comfort.

•	 The trueness of intraoral scan-
ners is influenced by multi-
ple factors, including scanning 
distance, ambient lighting, 
operator experience, and 
patient-related factors (saliva, 
restorations, edentulous space).

•	 Although preparation geom-
etry and scanning distance 
are believed to affect intraoral 
scanner trueness, the specific 
impact of preparation height 
has not been fully investigated.

What does this study add on 
this topic?
•	 This study provides new insights 

into how preparation height 
affects the trueness of intraoral 
scanners.

•	 The findings indicate that 
preparation height influences 
the trueness of intraoral scans, 
depending on the scanner.

•	 These results contribute to 
improving digital workflows by 
addressing a critical gap in the 
literature regarding prepara-
tion geometry and scanning 
trueness.
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trueness in scanning ensures that the resulting crown exhib-
its precise marginal adaptation on the prepared finish line, 
which is crucial for both functional and esthetic outcomes.4 
Restorations exhibiting marginal discrepancies can lead to 
various complications, including secondary caries and peri-
odontal problems, difficulties in oral hygiene maintenance, 
and compromised esthetics.5 Moreover, accurately manu-
factured restorations enhance the overall success of dental 
procedures, as they are less likely to require adjustments or 
replacements. Ultimately, the reliability of intraoral scanners 
not only impacts the technical aspects of dental work but 
also plays a vital role in patient satisfaction and oral health.6

The trueness of intraoral scanners is influenced by various 
factors, including operator-related considerations such as 
experience, scanning pattern, and rescanning or overlap-
ping images.7,8 Additionally, the technology of the scanner 
itself plays a crucial role, with aspects like calibration quality 
and the size of the scanning head impacting performance. 
Environmental conditions, particularly ambient lighting, can 
also affect accuracy.8 Furthermore, patient-specific factors, 
including tooth type, existing restorations, surface charac-
teristics, humidity in the oral cavity, diastemas, edentulous 
areas, and the presence of implant scan bodies, contribute to 
the overall accuracy of the scanning process.9 Each of these 
elements must be carefully considered to optimize the true-
ness of intraoral scanning.

In addition to these factors, previous studies suggest that 
the geometric characteristics of the preparation, along with 
the scanner’s distance from the preparation, are thought to 
have a significant impact on trueness.10-12 It is important to 
understand how these variables interact, as they can poten-
tially affect the quality of intraoral scans and the resulting 
restorations.

This study will specifically address the preparation geometry, 
with a particular emphasis on the height of the preparation. 
The height of the dental preparation is crucial for retention; 
however, shorter preparations can be made in certain cases 
where specific material thickness is required to achieve opti-
mal esthetics and functionality for the restoration. When 
determining the ideal preparation height, several factors 
must be considered. Firstly, the type of restoration plays a 
significant role; for instance, if the underlying tooth is discol-
ored or has undergone endodontic treatment, it may need 
to be assessed for how much remaining tooth structure is 
available. If the underlying tooth needs to be masked, a 
thicker material may be necessary, which could dictate the 
need for a shorter preparation height to accommodate this. 
Additionally, different types of materials can require varying 
preparation dimensions.

Although it is believed that the scanning distance and the 
geometry of the preparation affect the intraoral scanners 
(IOS) trueness, there have not been sufficient studies in the 

literature regarding the relationship between preparation 
height and the trueness of intraoral scanners. In this study, 
the trueness of intraoral scanners will be evaluated using dif-
ferent intraoral scanner technologies across various prepara-
tion heights.

The aim of this study is to evaluate the performance of 2 dif-
ferent intraoral scanners at varying preparation heights and to 
investigate the effect of preparation height on IOS trueness. 
The null hypothesis is defined as “Differences in preparation 
height do not affect the trueness of intraoral scanners.” The 
second hypothesis of the study is that “There is no difference 
in trueness between the intraoral scanners.”

MATERIALS AND METHODS

This study does not require ethics committee approval or 
informed consent as it does not involve human or animal 
subjects.

This in vitro study investigated the effect of preparation 
height on the trueness of intraoral scanners. A typodont 
tooth (Frasaco, Frasaco GmbH, Tettnang, Germany) corre-
sponding to tooth number 15 (maxillary right second pre-
molar) was prepared with a chamfer finish line. Two crown 
preparations of varying heights were done to evaluate the 
trueness of 2 different intraoral scanners. Both prepara-
tions were performed on the same typodont consecutively 
to eliminate other factors that could potentially influence 
trueness.

Initially, the preparation height was set to 7 mm (Figure 1). 
The preparation was standardized using a silicone index to 
guide reduction and a suitable depth gauge bur to ensure 
uniform reduction. The preparation height of the prepared 
typodont was measured using a periodontal probe to con-
firm the final reduction. A silicone index of the unprepared 
typodont was created, sectioned along the midline, and 
used to visually inspect and verify the adequacy of the 
preparation by observing the cross-section. The prepara-
tions were performed by a single experienced operator, and 
all scans were also conducted by the same individual. This 
approach eliminated potential errors arising from variabil-
ity between different operators performing the preparations 
and scans.

Figure 1.  Prepared tooth model with 7 mm preparation 
height.



Özden et al.
Preparation Height and IOS Trueness Essent Dent 2025; 4: 1-6

3

The prepared typodont tooth to a height of 7 mm was posi-
tioned in a master model (Frasaco, Frasaco GmbH, Tettnang, 
Germany) representing a full arch, and a reference scan was 
obtained with a high-precision laboratory-grade desktop 
scanner (E1, 3Shape, Copenhagen, Denmark). The images 
were then exported as standard tessellation language files. 
Following the scanning of the master model, intraoral scans 
were performed using 2 different intraoral scanners.

Intraoral scans were performed for half-jaw sections using 
2 different intraoral scanners: Trios 3 (3Shape, Copenhagen, 
Denmark) and iTero Element 5D (Align Technologies, San 
Jose, California, USA). Ten scans were performed for the 
7 mm preparation height with each intraoral scanner. 
Subsequently, the preparation height was reduced to 5 mm 
freehand and compared to the silicone index obtained from 
the initially unprepared tooth (Figure 2). The preparation 
depth and dimensions were measured using a periodontal 
probe. The same scanning procedures were repeated for the 
5 mm preparation. In total, 40 intraoral scans were collected 
(n = 40; 20 scans per scanner, divided equally between the 2 
preparation heights).

The trueness of the intraoral scans was evaluated using 
Geomagic Control X software. Superposition and mapping 
were performed for each preparation height (7 mm and 5 
mm) by comparing the intraoral scans to their respective 
master model reference scans (Figure 3). Within Geomagic 
software, the scans underwent initial alignment in the pri-
mary stage. Following this, all regions except the prepared 
tooth were designated as reference areas for subsequent 
best fit alignment. Root mean square (RMS) error values 
were used as the primary measure of trueness. Trueness was 
assessed specifically at the crown preparation finish line to 
determine the deviation between the scanned data and the 
reference model (Figure 4).

Statistical analyses were performed using IBM SPSS v29 soft-
ware (IBM Corp., Armonk, NY, USA). The normality of data 
distribution was evaluated through visual (histograms, Q-Q 
plots) and analytical methods (Shapiro–Wilk test). Descriptive 
statistics were presented as mean ± SD. Initial comparisons 
between groups were conducted using Independent Samples 
t-tests. Additionally, a two-way ANOVA was performed to 

examine the main effects of scanner type and preparation 
height, as well as their interaction effect on RMS values. 
Pair-wise t-test results are presented in Tables 1 and 2, while 
factorial effects were evaluated with two-way ANOVA. The 
significance level was set at α = 0.05 for all tests.

RESULTS

The iTero scanner exhibited significantly lower overall RMS 
values (mean ± SD: 0.040 ± 0.005 mm) compared to the Trios 
3 scanner (mean ± SD: 0.049 ± 0.006 mm) (Table 1), indi-
cating higher overall trueness (P < .001, confirmed by two-
way ANOVA main effect for scanner type: (F(1,36) = 26.541, 
P < .001). The two-way ANOVA also revealed a statistically 
significant interaction effect between scanner type and prep-
aration height on RMS values (F(1,36) = 4.516, P = .041). This 
interaction indicates that the influence of preparation height 
on scanning trueness was dependent on the specific intraoral 
scanner used.

When analysing trueness by preparation height, reflecting 
this interaction, the Trios 3 scanner showed a significant dif-
ference between 5 mm (mean ± SD: 0.051 ± 0.005 mm) 
and 7 mm (mean ± SD: 0.046 ± 0.006 mm) preparations 
(P = .043), with improved trueness observed for the 7 mm 
preparation height (Table 2). In contrast, the iTero scan-
ner showed no statistically significant difference in trueness 
between the 5 mm (mean ± SD: 0.039 ± 0.005 mm) and 7 
mm (mean ± SD: 0.041 ± 0.005 mm) preparations (P = .451), 
maintaining consistent trueness across both preparation 
heights (Table 2, Figure 5). The main effect for preparation 
height in the two-way ANOVA was not statistically signifi-
cant overall (F(1,36) = 1.169, P = .287).

DISCUSSION

The present study aimed to evaluate the impact of prepara-
tion height on the trueness of IOS and to determine whether 
different IOS devices exhibit comparable trueness. The null 
hypothesis, which stated that differences in preparation 
height do not affect the trueness of intraoral scanners, was 
partially accepted. While no significant trueness loss was 

Figure 2.  Prepared tooth model with 5 mm preparation 
height.

Figure 3.  Best fit alignment of the reference data with 
intraoral scans.
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observed in the iTero scanner due to variations in preparation 
height, the Trios 3 scanner demonstrated an increase in true-
ness as preparation height increased. This finding suggests 
that scanner-specific differences may influence the true-
ness of digital impressions to variations in tooth morphol-
ogy. Conversely, the second hypothesis, which proposed that 
there is no difference in trueness between the intraoral scan-
ners, was rejected. The results indicated a statistically sig-
nificant difference in trueness between the iTero and Trios 3 

scanners, suggesting that scanner technology and algorith-
mic processing may contribute to variations in digital impres-
sion trueness. These findings emphasize the need for a critical 
assessment of IOS performance in clinical scenarios where 
morphological variations, such as differences in preparation 
height, may affect scanning trueness.

Previous studies have reported that the accuracy of intraoral 
scanners tends to decrease as the scanning area increases.13,14 

Figure 4.  Selected points for root mean square measurement.

Table 1.  Distribution of Root Mean Square Values by Device and 
Preparation Length (Lab, 2024)
​ Mean ± SD P*
Scanner ​ ​
  Trios 3 (n = 20) 0.049 ± 0.006 <.001
  iTero Element 5D (n = 20) 0.040 ± 0.005
Preparation length ​ ​
  5 mm (n = 20) 0.045 ± 0.008 .421
  7 mm (n = 20) 0.043 ± 0.006
*Independent sample t-test.

Table 2.  Distribution of Root Mean Square Values by Crown 
Length and Scanner Type (Lab, 2024)
​ Mean ± SD P*
iTero Element 5D ​ ​
  5 mm (n = 10) 0.039 ± 0.005 .451
  7 mm (n = 10) 0.041 ± 0.005
Trios 3 ​ ​
  5 mm (n = 10) 0.051 ± 0.005 .043
  7 mm (n = 10) 0.046 ± 0.006
*Independent samples t-test.
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Therefore, in this study, partial scans were performed using 
intraoral scanners in order to minimize the influence of this 
factor on the study outcomes. In contrast, since such an 
effect is not observed with laboratory-grade scanners, full 
arch scans were deemed appropriate for acquiring the refer-
ence data.

Since there is no direct literature study investigating the 
effect of preparation height on the trueness of intraoral 
scanners, no existing study in the literature allows for a direct 
comparison with the findings of the present study. However, 
preparation height indirectly influences factors such as scan-
ning distance and preparation geometry, which are known 
to affect scanning trueness. The geometric characteristics of 
the preparation have been shown to influence scanning true-
ness in various restorative procedures. In restorations such as 
overlay, endocrown, inlay, and onlay, preparation depth and, 
consequently, the distance to the scanner tip have been 
reported as factors affecting scanning trueness. The depth 
of the preparation and its distance from the scanner tip are 
critical factors affecting scanning trueness.12 Greater depth 
can lead to decreased accuracy due to increased distance 
from the scanner tip, which affects the scanner’s ability to 
capture precise details.4,11,15 Gürpınar et  al11 evaluated the 
performance of 6 different intraoral scanners at 3 different 
endocrown cavity depths (2 mm, 3.5 mm, and 5 mm) and 
reported a general decrease in scanner accuracy at a depth of 
5 mm. Similarly, Rotar et al12 concluded that in overlay-type 
restorations, increased scanning distances can reduce the 
accuracy of digital impressions.

As preparation height decreases, the presence of adjacent 
teeth limits the ability to position the scanner tip closer to the 
preparation. Consequently, the scanning distance increases. 
Supporting this finding, Ashraf et al10 reported that scanning 
accuracy is higher in extracoronal restorations compared to 
intracoronal restorations. This outcome is consistent with 
the fact that in extracoronal restorations, the distance to the 
scanner tip is shorter than in intracoronal restorations. In the 
present study, a similar trend was observed. The RMS value 
at the margin area of a prepared maxillary premolar with a 5 
mm preparation height was higher compared to a prepared 
tooth with a 7 mm preparation height, indicating that as 
preparation height decreases, scanner trueness declines.

The question of which intraoral scanner exhibits the 
best performance remains a debated topic in the litera-
ture. Studies comparing different devices under varying 
experimental conditions have reported conflicting results. 
Although intraoral scanner technology has reached clinically 
applicable levels, research has demonstrated that numer-
ous factors can influence scanner trueness. As a result, each 
experimental condition may affect scanner performance 
differently depending on the device being tested. While 
factors such as ambient lighting intensity, operator influ-
ence, the size of the scanned area, scanning strategy, and 
even room temperature have been standardized in experi-
mental settings, their potential effects may vary between 
scanners. This variability should always be considered when 
interpreting results. Nevertheless, within the experimen-
tal conditions of this study, iTero Element 5D (mean ± SD: 

Figure 5.  The distribution of the mean root mean square values by intraoral scanners and preparation height.
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0.040 ± 0.005) provided more accurate measurements than 
Trios 3 (mean ± SD: 0.049 ± 0.006) regardless of prepara-
tion height.

Preparation height is often a fixed clinical parameter that 
cannot be altered. However, in certain cases, such as post-
core applications, the preparation height may be intention-
ally reduced to create additional space for restorative material, 
provided that retention is not compromised. In such scenarios, 
the findings of this study are significant in guiding clinicians by 
offering insight into the balance between potential benefits 
and drawbacks related to scanning trueness and restoration 
success. On the other hand, when evaluating the study results 
within the scope of the existing experimental conditions, cer-
tain limitations can be identified. One such limitation is that 
the assessment was conducted on only a single premolar 
tooth at 2 different preparation heights. Another limitation of 
this study is that, although desktop scanners were used for 
reference scans in previous studies, a reference scan was not 
performed with a much more precise industrial-type scan-
ner.16-18 In future studies, the number of intraoral scanners can 
be increased, and experimental groups can be expanded by 
incorporating different teeth and evaluating the effect of the 
presence or absence of adjacent teeth on scanning trueness.

CONCLUSION

The findings demonstrated that preparation height has a 
variable effect on IOS trueness depending on the scanner 
used. While iTero Element 5D maintained consistent true-
ness regardless of preparation height, the Trios 3 exhibited 
a significant decrease in trueness at the lower preparation 
height.
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