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ABSTRACT

INTRODUCTION: Precise and reliable digital impressions obtained through intraoral scanning techniques are crucial for
ensuring accurate prosthetic fit and optimal patient outcomes. Advancements in technology and scanning methodologies
have significantly improved the accuracy of intraoral scanning, allowing for enhanced clinical efficiency and better treat-
ment planning in dental procedures.

OBJECTIVE: The aim of the study is to assess how various levels of surface roughness of scan body and the scanning di-
rection affects the accuracy of intraoral scanning.

METHODS: 3D Printed cast with 4 implant analogs placed parallel was fabricated. A total of 40 scans was subdivided
equally into four groups based on the scan body surface roughness; Smooth, Rough 1 (R1), rough 2 (R2), and combination
(smooth & rough). Cast was scanned using a laboratory scanner (reference) and an intraoral scanner will be used to scan
each group. Superimposition of extraoral scan and intraoral scan of each group was done using best fit algorithm.
RESULTS: The two-way ANOVA results indicate that both scan body roughness and scan direction significantly affect
trueness (p < 0.001), with partial eta squared values of 0.513 and 0.468, respectively. Additionally, there is a statistically
significant interaction between scan body roughness and scan direction (p = 0.037, partial n? = 0.230)

CONCLUSION: Smoother surfaces enhance data acquisition by reducing optical distortions caused by light scattering,

while rougher textures introduce errors that compromise clinical outcomes
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INTRODUCTION

The latest developments in digital dentistry have
significantly improved the planning and rehabilita-
tion process for patients suffering from partial or
complete edentulism (1).

The transition from traditional impression
techniques to digital intraoral scanning has led to
significant benefits, such as increased comfort for
patients, eliminating the discomfort associated with
impression materials and techniques- the elimina-
tion of material-related inaccuracies like shrinkage
and expansion, reduced clinical chair time, and
improved accuracy in prosthetic design®.

Although 10S technology has shown reliable per-
formance in scanning partially edentulous patients,
its application to completely edentulous cases pre-
sents unique challenges. Factors such as the ab-
sence of fixed anatomical landmarks, the intricacy
of scanning protocols, and operator expertise sig-
nificantly influence outcomes. Additionally, dis-
crepancies in precision and accuracy between vari-
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ous 10S systems emphasize the importance of
evaluating their performance under diverse clinical
scenarios®.

Scan bodies are crucial in the digital work-

flow, acting as a bridge between the intraoral envi-
ronment and CAD software. They accurately trans-
fer the 3D position of dental implants to the digital
realm, enabling precise digital impressions.
Several factors affect intraoral scanning regarding
the scan body itself include material composition,
surface texture, shape and geometry, size and di-
mensions, positioning and stability, compatibility
with the scanner, markings and features, and wear
and contamination. The accuracy of intraoral scan-
ning is significantly affected by the surface rough-
ness of the scan body. The surface characteristics
of the scan body can directly impact the precision
of the digital impression, potentially affecting the
overall fit and functionality of the final restora-
tion®,
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This study aimed to assess how scan body surface
roughness affects the accuracy of intraoral scans
for edentulous arches. By employing a comprehen-
sive research methodology, including experimental
studies and data analysis, we aim to uncover the
effect of different surface roughness levels on
scanning accuracy.

The null hypothesis states that there is no
significant effect of implant scan body surface
roughness on the trueness and precision of the in-
traoral scanning systems under evaluation.

MATERIALS AND METHODS

1- Sample preparation

A-Fabrication of the model

A maxillary completely edentulous virtual model
was designed using Exocad software, in which four
Neobiotech implant analogs were virtually situated
in the dental arch at the following positions: right
first molar (implant 1), right canine (implant 2), left
canine (implant 3), and left first molar (implant
4)0),

The 3D virtual model was printed using
3D-printer (Creality Halot-Mage Pro CL-103 - 3D-
printer) and gingival mask was printed to resemble
the soft tissue. Digital analogues (Neobiotech ana-
log)) were inserted in pre-determined positions in
the printed model and four scan bodies were at-
tached to them and the model was scanned with
(Medit T710; Medit Corp, Seoul, Korea) to obtain
reference scans.

B-Modification of scan body (sandblasting)

For group (R1), Sandblasting was performed on the
polished surface of the PEEK scan body using an
airborne particle abrader with 90-110 um alumina
particles at a pressure of 0.2 MPa. for ten strokes in
one direction per each surface starting from the
bevel surface. The same for group (R2) with 20
strokes for each surface®. (Figure 1)

2-Intra oral scanning

Digital scans were done using (Medit i700 Corp,
Seoul, Korea) 10S. Ten scans were done for com-
pletely edentulous model with the smooth scan
bodies in position twice (once from left quadrant to
the right quadrant and once from right to left). The
scanning sequence followed the manufacturer's
guidelines as outlined in the 10S manual. With
average time 7 seconds for each scan

Then the roughened scan bodies(R1&R2)
will be placed and ten scans will be made in both
directions.

Then two smooth scan bodies will be
placed in right side and two roughened will be
placed in left side and ten scans will be made in
both directions. (Figure 2)
3-Outcome assessment
For analysis, STL files were generated from the
scan data. Using Geomagic Control X 2018 (3D
Systems Corp), all the scans were aligned with a
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reference scan using a best-fit alignment method
(Figure 3)

Angular and overall deviations were quan-
tified by superimposing computer-aided design
(CAD) models onto the scanned surfaces of the
scan bodies. Angulation was determined as the
angular difference between the vectors defining the
scan bodies' longitudinal axes in three-dimensional
space. Trueness and precision were evaluated for
all measured variables and analyzed across groups
with differing scan body surface roughness levels.?
", (Figure 4) (Figure 5)
4-Statistical analysis
Normality of variables was checked using Shapiro
Wilk test and Q-Q plots. Data were presented using
mean and standard deviation (SD) in addition to
95% Confidence intervals (Cl). To assess the effect
of scan body surface roughness and scan direction
on trueness, precision and angular deviation. Pair-
wise comparisons were done with Bonferroni cor-
rection to adjust type | error.

All tests were two tailed and the signifi-
cance level was set at p value<0.05. Data was ana-
lyzed using IBM SPSS version 23 for Windows,
Armonk, NY, USA

Figure 1: Representative implant scan body used
on each group. A, Smooth group. B, R1 group. C,
R2 group.
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Figure 2: Research methodology.
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Figure 3: Representative best-fit algorithm of each
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Mixed group.

Digital scanning using Medit i700

D)




Athanasius et al.

Figure 4: Angular measurement discrepancies
measured on implant scan bodies between refer-
ence file and experimental scans.
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Figure 5: Angulation measurement between scan
bodies.

RESULTS

Table 1 shows Descriptive trueness +precision val-
ues (um) between the study groups in which
Smooth group showed the lowest mean and stand-
ard deviation (0.09 %0.02), for group R1(0.19
+0.09), for group R2 (0.18 +0.08) and for mixed
group (0.20 +0.06).
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The two-way ANOVA results indicate that
both scan body roughness and scan direction signif-
icantly affect trueness (p < 0.001), with partial eta
squared values of 0.513 and 0.468, respectively.
Additionally, there is a statistically significant in-
teraction between scan body roughness and scan
direction (p = 0.037, partial n> = 0.230)

Means, standard deviations, and 95% con-
fidence intervals are presented in Table 2. In the
angular deviation analysis. Smooth group showed
the least mean and standard deviation (0.23 +0.08)
followed by mixed group (0.28 £0.10) but both
R1&R2 showed higher angular deviation (0.35
+0.05) & (0.31 +0.05) respectively

The two-way ANOVA results indicate that
scan body roughness significantly affect angular
deviation (p < 0.001), with partial eta squared val-
ues of 0.273. Additionally, results indicate that both
scan direction and interaction between scan body
roughness and scan direction has no statistically
significant effect on angular deviation (p = 0.369,
partial n? = 0.025) and (p = 0.979, partial 1> =
0.006) respectively. (figure 6)

Angular Deviation

0.5
0.45
04
0.35

Al

Left Right Overall Left Right Overall Left Right Overall Left Right Overall

Smooth Mixzed

Figure 6: Descrlptlve angular dewatlon values (°)
between the study groups.

Table 1: Descriptive trueness xprecision values (um) between the study groups

Scan bodies Scan direction Mean +SD 95% CI p value

Smooth Left 0.09 +0.03 0.04,0.13 0.702
Right 0.09 £0.02 0.05,0.14
Overall 0.09 £0.02 0.07,0.11

R1 Left 0.13 £0.08 0.09,0.18 0.041*
Right 0.25 +0.07 0.20, 0.29
Overall 0.19 £0.09 0.12,0.26

R2 Left 0.11 +0.04 0.07,0.16 0.001*
Right 0.24 £0.04 0.20, 0.29
Overall 0.18 +£0.08 0.12,0.23

Mixed Left 0.17 £0.04 0.12,0.21 0.015*
Right 0.24 £0.04 0.20, 0.29
Overall 0.20 £0.06 0.16,0.24

p value Smooth vs R1<0.001*, Smooth vs R2=0.002*, Smooth vs mixed<0.001*

*Statistically significant difference at p value<0.05
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Table 2: Descriptive angular deviation values (°) between the study groups

Scan bodies Scan direction Mean +SD 95% CI p value

Smooth Left 0.22 +0.08 0.15,0.29 NS
Right 0.24 +0.09 0.17,0.31
Overall 0.23 +0.08 0.17,0.29

R1 Left 0.34 +0.07 0.27,0.42 NS
Right 0.35+0.05 0.28,0.42
Overall 0.35+0.05 0.31,0.39

R2 Left 0.30 +0.06 0.23,0.37 NS
Right 0.33+0.04 0.26, 0.40
Overall 0.31+£0.05 0.28,0.35

Mixed Left 0.27 +0.07 0.20,0.34 NS
Right 0.30+0.13 0.23,0.37
Overall 0.28 £0.10 0.21,0.36

p value Smooth vs R1=0.002*, Smooth vs R2=0.025*

*Statistically significant difference at p value<0.05, NS: Not significant

DISCUSSION

This study aimed to evaluate the impact of different
surface roughness levels of scan bodies on the ac-
curacy of intraoral scanning. The findings led to the
rejection of the null hypothesis that surface rough-
ness does not affect the trueness and precision of
the intraoral scanner tested. Significant angular and
3D surface differences were quantified among the
complete arch digital scans obtained using rough
scan bodies. The results showed that more devia-
tion has occurred when increasing the surface
roughness of the scan body. Also, the scanning
direction affects the accuracy of the 10S tested.

To the authors' knowledge, no prior study
has examined the impact of implant scan body sur-
face roughness on the accuracy of full arch digital
scans. Previous research has primarily focused on
assessing other modifications in scan bodies in re-
lation to complete arch digital accuracy.® 9.

The highest discrepancies were observed
in the R1 and R2 groups. These errors likely result-
ed from acute angles and overlaps introduced by
implant scan body (ISB) modifications, creating
data noise that resisted standard postprocessing
correctiont9,

The findings of this research demonstrate
a significant relationship between the surface
roughness of implant scan bodies and the accuracy
of intraoral scanning (10S). Surface roughness, a
critical physical property, directly affects the inter-
action between light and the scan body during digi-
tal impression acquisition. Smooth surfaces allow
for uniform light reflection, reducing optical distor-
tions and noise during scanning. In contrast, rough
surfaces scatter light unpredictably, leading to in-
complete or imprecise data acquisition. This phe-
nomenon was particularly evident in the present
study, where scan bodies with higher surface
roughness exhibited greater deviations in distance
and angular measurements compared to those with
smoother finishes?,
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Intraoral scanner Medit i700, rely on triangulation-
based scanning technology, which utilizes struc-
tured light patterns to detect geometric features of
scan bodies. However, irregularities in surface tex-
ture can disrupt these systems, leading to inaccura-
cies in data capture and impacting the precision of
digital models used for implant placement and
prosthetic design(* 12),

For the Medit i700, surface roughness ex-
ceeding 50 um can create light scattering that dis-
rupts the projected grid pattern recognition essen-
tial for accurate scanning. When the surface of the
scan body is too rough, it interferes with the scan-
ner's ability to effectively triangulate the position of
points on the surface. This disruption can lead to
inaccuracies in the digital model generated by the
scanner, resulting in potential misfit restorations or
prosthetics. Studies have shown that smoother sur-
faces facilitate more accurate data acquisition by
reducing light scattering and noise during
scanning®® 13.14),

The Medit i700 has demonstrated high
precision and trueness in several studies. For in-
stance, Verniani et al. found that while it performed
well on supragingival preparations, its accuracy
was affected when scanning subgingival margins
due to increased complexity in capturing light re-
flections from less accessible areas. This suggests
that while the Medit i700 offers advanced features
and rapid scanning capabilities, it remains sensitive
to surface irregularities.

From a clinical perspective, The present
study reinforces the necessity of selecting suitable
scan bodies with optimized surface characteristics
to ensure accurate digital impressions. Clinicians
should prioritize using scan bodies with smoother
surfaces to minimize potential inaccuracies caused
by light scattering. Additionally, understanding that
rougher surfaces could compromise scanning per-
formance allows practitioners to make informed
decisions about materials and techniques used in
digital workflows.
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The study showed that angular deviation of smooth
group has no statistically significance compared to
that of the mixed group so it is recommended to
combine the use of new (smooth) scan bodies with
old scratched ones to minimize potential inaccura-
cies and enhance scanning performance.

Moreover, manufacturers should consider refining
their scan body designs to reduce surface roughness
while maintaining optimal bonding properties. For
example, slight micro-roughness may be necessary
for bonding but should not exceed thresholds that
interfere with scanning accuracy. Providing de-
tailed specifications regarding scan body surface
properties would further assist clinicians in opti-
mizing their workflows.

The results obtained may have been influ-
enced by certain limitations, including the assess-
ment of only one 10S® 19, The reference scan was
generated with the aid of a laboratory-based scan-
ner @, and reliance on reverse engineering software
rather than dental-specific software. Additionally, a
single operator conducted the cast scanning to
maintain standardization®®, This research used a
protocol lacking validation for completely edentu-
lous patients. Results are specific to the tested ISB
type and cannot be generalized to other manufac-
turers or materials, yet they emphasize the ISB’s
critical impact on accuracy. Future in vivo studies
are essential to validate these findings and ensure
consistency in prosthetic precision.

CONCLUSION

From the data obtained in thisin vitro study, we
can conclude the following:

1. Smoother surfaces enhance data acquisition by
reducing optical distortions caused by light scatter-
ing, while rougher textures introduce errors that
compromise clinical outcomes

2. Combination between rough and smooth scan
bodies enhance scanning performance and mini-
mize potential inaccuracies
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