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ABSTRACT 
Statement of problem. Manufacturers of several intraoral scanners have recommended a 2-step strategy for scanning the edentulous 
mandible. The 2-step technique requires scanning one side first and then moving to the other side. However, whether inconsistency in 
stitching occurs that results in loss of accuracy or distortion is unclear. 

Purpose. The purpose of this clinical study was to measure the potential distortion of intraoral scans of edentulous mandibular arches 
made with a 2-step scanning strategy and to assess their differences with conventional impressions. 

Material and methods. Twenty mandibular edentulous arches were scanned by 1 investigator with an intraoral scanner using a 2-step scanning 
strategy, and a corresponding polysulfide conventional impression was obtained. The conventional impression was then immediately scanned with 
the same intraoral scanner. The obtained standard tessellation language (STL) files were superimposed with a surface-matching software program. 
After a preliminary alignment, the STL meshes were trimmed and reoriented; then, the final alignment was carried out and meshes moved to a 
metrology software program where their mean distance was measured. In addition, a surface curve (SIOS) was traced on the intraoral scan from the 
right to left retromolar pad along the residual ridge and automatically projected onto to the conventional impression scan to obtain a new curve 
(SC). The mean distance between SIOS and SC was measured and recorded as an indicator of the distortion by considering the X-, Y-, and Z-axes and 
the overall 3-dimensional (3D) deviation. The analysis was performed for the full curve length and after dividing it into 6 regions of interest. 
Univariate and multivariate statistical analyses were used to investigate the significance of the extent of the mean 3D distance, as well as the effects 
of measurement positions (side and region) between and within patients on differences along the X-, Y-, and Z-axes (α=.05). 

Results. The mean (−0.08 mm; standard error: 0.025) 3D distance between the intraoral scan and conventional impression was significantly 
different from zero (P=.003). No significant effect of the factor “side” was found by using generalized estimated equation models for the X-, Y-, and 
Z-axes, and global 3D deviations between SIOS and SC (P>.05), which appeared to exclude distortion. Conversely, a significant effect was found for 
the factor “region” (P<.05), with no significant differences (P>.05) between corresponding regions on the 2 sides. 

Conclusions. Intraoral scans of the edentulous mandibular arch made in a 2-step procedure did not exhibit significant distortion in 
comparison with conventional impressions. (J Prosthet Dent xxxx;xxx:xxx-xxx) 
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Intraoral scans of edentulous arches have been successfully 
used in the fabrication of removable dental prostheses1,2 

and offer clinical and practical advantages3 for the patient 
and dental practices. Although the accuracy of intraoral 
scans of edentulous arches has been demonstrated in clin-
ical studies,4,5 debate still exists in regard to their suitability 
for clinical use.6 This criticism, mainly rooted in the ob-
servation that differences with conventional impressions 
exist, is, however, clouded with methodological issues re-
lated to the mucostatic or mucocompressive nature of the 
resultant recordings, which have yet to be adequately ad-
dressed. The accuracy of intraoral scans has been de-
termined from an in vitro study7 to be comparable with that 
of conventional impressions, although considerable varia-
bility has been highlighted.8 

Strategies to improve the accuracy of edentulous arch 
intraoral scans and/or facilitate image capturing have been 
proposed, including the application of artificial land-
marks,9,10 in an attempt to address the lack of anatomic 
variation and reference points in edentulous arches, which 
might introduce errors in the images-stitching process.11 

While these strategies have been published,9,10 their use-
fulness is yet to be adequately demonstrated. Indeed, the 
absence of teeth or other fixed landmarks does not ne-
cessarily imply the absence of scannable geometric features 
because the macroscopic geometry and texture of the 
edentulous ridge mucosa has few, if any, differences com-
pared with the gingiva.12 Thus, the greatest difference be-
tween gingiva and mucosa is not the absence of scannable 
geometric landmarks but the instability of the mucosal tis-
sues. With residual ridge resorption13 after tooth loss and 
the consequent loss of the alveolar component of the 
edentulous arches, the residual ridge can be significantly 
reduced in volume, or its stability undermined by the pre-
sence of flabby tissues.14 Hence, intraoral scanning of the 
edentulous arches may be challenging because the stitching 
process may be impaired by tissue instability, especially in 
the edentulous mandible. Therefore, to improve the feasi-
bility and accuracy of the intraoral scanning of edentulous 
arches, the scanning field should ideally remain unaltered 
for the time required to complete the scanning procedure. 
This requirement is strictly correlated and acts in synergy 
with the scanning strategy: in a simplistic way, the scanning 
strategy, which has been demonstrated to affect the accu-
racy of intraoral scanning,7 is a specific pattern and se-
quence of movements of the scanner above the scanning 

field. While the effect of the scanning strategy has been 
more often investigated on dentate arches,15 the authors are 
only aware of in vitro studies for edentulous arches.16 

Different strategies and techniques for scanning 
edentulous arches have been described,6,7,17,18 but ac-
curacy analyses are lacking. The authors are unaware of 
a definitive consensus in regard to the most suitable 
scanning strategy, but most intraoral scanner manu-
facturers recommend, at times without adequate evi-
dence, a specific scanning strategy for their system. 

Intraoral scanning of the edentulous mandible has 
been rarely investigated.5,6,19 In a clinical setting, in-
traoral scanning of the edentulous mandible may be 
hindered by the presence of mobile mucosa and flabby 
tissues, while the cheeks and tongue may cover, at least 
in part, the residual ridge and hinder adequate accessi-
bility of the scanner tip. Adequate displacement and 
stabilization of the mandibular soft tissues would gen-
erally require excessive stretching of the cheeks and 
pushing of the tongue, uncomfortable for the patient, 
reducing patient cooperation, and leading to unwanted 
patient movements. Therefore, a 2-step scanning 
strategy has been recommended by manufacturers for 
the edentulous mandible. The 2-step procedure requires 
scanning one side first and then moving to the other 
side, in conjunction with the use of specific instruments 
for the proper displacement and stabilization of the soft 
tissues. However, moving the scanner from one side to 
the other, with the potential tissue displacement and 
instability at the boundary of the 2 scanning fields, may 
hinder the stitching process, complicate the scanning 
procedure, and distort the resulting scan. 

To provide data useful to address these issues, the 3- 
dimensional (3D) differences between the intraoral scans of 
edentulous mandibles made with a 2-step scanning strategy 
and conventional elastomeric impressions, as well as their 
potential distortion, were investigated in this clinical study. 
The null hypotheses were that no distortion would be found 
in intraoral scans of edentulous mandibular arches made 
with a 2-step scanning strategy and no difference in dis-
tortion would be found between intraoral scans and elas-
tomeric impressions. 

MATERIAL AND METHODS 

The review board of the principal investigator’s institution 
approved the study (approval number: 47/CE/2019). Twenty 
consecutive edentulous patients requiring complete man-
dibular dentures were included. All participants provided 
informed consent to be enrolled in the study. The edentu-
lous mandibular arch (Fig. 1) was scanned by a single op-
erator (L.L.R.) using an intraoral scanner (TRIOS 4; 3Shape 
A/S) and following the 2-step scanning strategy, directly 
accessible from the help function of the intraoral scanner 

Clinical Implications 
The recommendation of intraoral scanner 
manufacturers of a 2-step scanning strategy for the 
edentulous mandible should yield accurate scans 
when combined with adequate residual ridge 
tissue management. 
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software program (Fig.1B). A dedicated retractor system (Lo 
Russo Retractors; ELDO s.r.l.) was used to displace and 
stabilize the soft tissues (Fig. 2). The scans were imported 
into a software program (Dental System; 3Shape A/S) and 
used to design custom trays. The space for the impression 
material was set at 1.5 mm.20 The trays were built by using a 
3D printer (Prusa i3 MK3S; Prusa Research) and used to 
make a conventional impression with a polysulfide im-
pression material (Permlastic; Kerr Corp) by following the 
manufacturer’s instructions. The elastomeric impression was 
immediately scanned with the same intraoral scanner by the 
same investigator (Fig. 3). A direct scan of the elastomeric 
impression was chosen because the absence of voids and 
undercuts in edentulous arches was expected to minimize 
the shadowing effect.21 

For every participant, the intraoral scan (S) and the 
scan of the elastomeric impression (C) were exported to 
the standard tessellation language (STL) format by using 
the intraoral scanner’s software program. STL files were 
imported into a surface-matching software program 

(Geomagic Wrap 2021; 3D Systems Inc), where a 2- 
phase best-fit alignment5 was performed assuming S as 
reference and C as test object. Once aligned, S and C 
were made congruent by trimming peripheral areas 
which might have impaired both the alignment and the 
subsequent measurement accuracy.5 This was done be-
cause the S captured zones would not be denture load 
bearing areas; as a result, the S was overextended as 
compared with C. To make them congruent, a curve was 
traced on C and used to trim and eliminate peripheral 
areas not present in either C or S (Fig. 4A). The curve 
was automatically projected onto S and used for trim-
ming. As the trimmed S and C had comparable exten-
sion (Fig. 4B), a new best-fit alignment was performed 
to remove the potential alignment error caused by prior 
nonmatching areas. The position of the trimmed S and 
C in the global coordinate system was changed to en-
sure that any deviation between them were measured 
for deviations in the occlusal direction along the Z-axis, 

A B

Figure 1. A, Intraoral scan of edentulous mandibular arch. B, Scanning strategy used for intraoral scanning. 

Figure 2. Dedicated retractor system (Lo Russo Retractors; ELDO s.r.l.) 
used to provide soft tissue retraction and stabilization. Left and 
right side. 

Figure 3. Scan of conventional impression in Figure 1A. 
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deviations in the sagittal plane along the X-axis, and 
deviations in the frontal plane along the Y-axis (Fig. 4B). 

The trimmed and reoriented STLs of S and C were 
moved to a metrology software program (GOM Inspect Pro; 
Carl Zeiss GOM Metrology GmbH) for further comparison 
and analysis, assuming S as the reference scan. The mean 
3D distance between S and C was measured and recorded 
as an indicator of the overall difference; a color difference 
map was also obtained for visualization (Fig. 5). A surface 
curve (SIOS) was traced on S, from the right to left retro-
molar pad, along the residual ridge crest (Fig. 6). SIOS was 
automatically projected onto C and a new curve (SC) was 
obtained. The mean distance between the SIOS and SC was 
measured and recorded as an indicator of the distortion 
under the assumption that, if the SIOS and SC were per-
fectly coincident and no distortion occurred, the SIOS 
would coincide with the SC and their relative distance 

would be zero. The overall distance between curves and 
their deviations along the X-, Y-, and Z-axes were recorded, 
corresponding (from the preliminary reorientation) to 
anteroposterior, mediolateral, and corono-apical deviation, 
respectively. Data regarding such deviations were auto-
matically obtained and exported for further analysis. The 
corresponding dataset included, on average, 45 measure-
ments per millimeter, made automatically by the software 
program along the SIOS and SC curves. Starting from the 
midline, the residual ridge and the corresponding curves 
were divided bilaterally into 3 regions of interest. This 
identified 3 segments of interest on each side: anterior, 
corresponding to the third closest to the midline; posterior, 
corresponding to the most distal third of the curve; and 
lateral, corresponding to the third between the anterior and 
posterior regions. The X-, Y-, and Z-axes deviations were 
therefore obtained for 6 regions of interest (R1: posterior- 

Intraoral scan

Conventional 
impression

Intraoral scan

Conventional 
impressionOverlapping 

surface selected
for trimming

A B

Figure 4. A, Superimposition and trimming of intraoral scan and conventional impression. B, Trimmed scans reoriented. 
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Figure 5. Color deviation map between intraoral scan and 
conventional impression of mandibular arch. 
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Figure 6. Surface curve traced on top of residual ridge of intraoral scan; 
visual representation of regions of interest along curve. 
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right; R2: lateral-right; R3: anterior-right; R4: anterior-left; 
R5: lateral-left; R6: posterior-left) (Fig. 6). 

The 1-sample t test was used to investigate whether 
the overall difference between the S and C was sig-
nificantly different from zero. The same was carried out 
to assess the significance of the mean X-, Y-, and Z-axis 
deviations by testing the following hypothesis: If the 
intraoral scan of the edentulous arch and the corre-
sponding scan of the elastomeric impression were per-
fectly coincident and no deviations occurred, the 
distance between them at the measurement points along 
the curves traced on the residual ridge would be zero 

provided that an accurate superimposition was obtained. 
Hence, for data related to each axis, the 1-sample t test 
was used to answer the following question: Is the ob-
served mean distance significantly different from zero? 
The effects of measurement positions between and 
within patients on discrepancies along the X-, Y-, and Z- 
axes were also investigated by using generalized esti-
mated equation (GEE) models. The GEE methodology 
was used to model and control the within-unit mea-
surements from the 6 regions of interest. The case was 
used as a subject-variable; side (right/left) and regions of 
interest were included as factors to investigate differ-
ences measured along each axis, while the variations of 
the remaining 2 axes were included as covariates. The 
statistical analyses were performed with a statistical 
software program (IBM SPSS Statistics, v25.0; IBM 
Corp) (α=.05). 

RESULTS 

The mean (−0.08 mm; standard error (SE): 0.025) dis-
tance between the S and C was significantly different 
from zero (P=.003) (Table 1). The minus sign indicated 
that the conventional impression was in a more apical 
position than in the intraoral scan. The mean deviations 
between SIOS and SC along the X- (−0.02 mm; SE: 
0.004) (Fig. 7), Y- (−0.007 mm; SE: 0.004) (Fig. 8), and 

Table 1. Statistical significance of differences between intraoral scans 
and conventional impressions        

Mean SE P  

Full scans deviation (mm) -0.08 0.025 .003a 

Surface curves deviations  
X-axis deviation (mm) 
(Anteroposterior) 

-0.02 0.004 <.001b  

Y-axis deviation (mm) 
(Mediolateral) 

-0.007 0.004 .069b  

Z-axis deviation (mm) 
(Corono-apical) 

-0.7 0.006 <.001b 

SE, Standard error. Bold indicates statically significant differ-
ences (P<.05).  

a One-sample t test; null hypothesis: mean distance between IOS 
and C zero.  
b One-sample t test; null hypothesis: mean distance between SIOS 
and SC zero.    
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Figure 7. X-axis deviation measurements between surface curves. Diagram (top) and color deviation map (right). 
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Z-axis (−0.7 mm; SE: 0.006 mm) (Fig. 9) were sig-
nificantly different from zero for the X- and Z-axis 
(P<.001) but not for the Y-axis (P=.069). The GEE 
models addressing deviations between the SIOS and SC 
along the X-, Y-, and Z-axes, as well as their global 3D 
deviations, showed no significant effect of the factor 
“side” (Table 2), whereas a significant effect was found 
for the factor “region.” Estimated marginal means for 
the X-, Y-, Z-axes and for the overall 3D (XYZ) devia-
tions across the side and regions of interest are pre-
sented in Table 3. To address such deviations across 
regions of interest precisely, a pairwise comparison of 
mean differences as resulting from the GEE models with 
the Bonferroni adjustment for multiple comparisons was 
performed and is reported in Table 4. 

DISCUSSION 

Most of the studies regarding the accuracy of the in-
traoral scans of edentulous arches have been made in 
vitro and have generally addressed the maxillary arch.7 

Data gathered from clinical studies are scarce,4,5 and the 
mandibular arch has seldom been investigated.5,6,19 The 
precise measurement of the accuracy of intraoral scans 
has been reported to be problematic from a methodo-
logical standpoint and would ideally require a direct 
comparison of intraoral scans with the intraoral anatomy 

of the edentulous arches.5 This was clearly not feasible, 
and, therefore, the only possible comparison was be-
tween intraoral scans and conventional impressions of 
the edentulous arches. Because both types of recording 
are ultimately replicas (digital or analog) of the anatomy 
of the edentulous arches, differences can be measured, 
but, based on such a measurement, none of them can be 
assumed as the standard and used as a reference to 
measure trueness of the other type of impression. In-
deed, even a mucostatic conventional impression would 
exert some pressure on the oral mucosa and cause minor 
soft tissue displacement. As a result, it is not surprising 
that a difference exists between an intraoral scan of an 
edentulous arch and the corresponding conventional 
impression. Such a difference, as measured in the pre-
sent clinical study, however, had a mean value of 
−0.08 mm, with the coordinates of the elastomeric im-
pression located in a more apical position, likely because 
of the compression applied by the impression material.5 

The apical position was further confirmed by the ana-
lysis of curve deviations made on each reference axis. 
Indeed, the Z-axis, corresponding to pressure in the 
corono-apical direction during conventional impression 
making, showed the greatest deviation (−0.7 mm, on 
average), which was 35- to 100-fold greater than the 
deviations measured for the X- (−0.02 mm) and Y-axis 
(−0.007 mm), respectively. While a difference was found 
between the coordinates of the elastomeric impressions 
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and intraoral scans, the clinical significance of this dif-
ference appears limited. 

For the edentulous mandibular arch, because of 
practical clinical aspects of the scanning procedure 

(retraction of the tongue and cheek to improve scanner 
accessibility to the scanning field and stabilization of 
tissues surrounding the residual ridge), the intraoral 
scan should be captured in 2 steps. Merging the scans of 
the 2 sides at the midline might, in theory, cause some 
distortions (for example bending) leading to alterations 
in shape of the arch or loss of accuracy. Such a potential 
distortion of the intraoral scans of edentulous arches 
because of the 2-step scanning strategy was investigated 
in the present study, and the null hypothesis that no 
distortion would be found in intraoral scans of edentu-
lous mandibular arches made with a 2-step scanning 
strategy and that no difference in distortion would be 
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Figure 9. Z-axis deviation measurements between surface curves. Diagram (top) and color deviation map (below). 

Table 2. Statistical significance of effects of investigated factors on 
scans deviation: results from generalized estimated equation models     

Deviations Along Ridge 
Surface Curves 

Side Region  

P P  

X-axis (anteroposterior)  .716 .014 
Y-axis (mediolateral)  .189 .477 
Z-axis (corono-apical)  .597 .230 
XYZ (3-dimensional)  .642 .004 

Bold indicates statically significant differences (P<.05).  

Table 3. Estimated marginal means for X-, Y-, Z-axis and XYZ deviations across side and regions of interest           

Investigated 
Factor 

Deviations Along Ridge Surface Curves (mm) 

X-axis Deviation 
(Anteroposterior) 

Y-axis Deviation 
(Mediolateral) 

Z-axis Deviation 
(Corono-apical) 

XYZ Deviation 
(3-dimensional) 

Mean SE Mean SE Mean SE Mean SE  

Side         
Right side  -0.030  0.021  -0.021  0.022  -0.065  0.031  0.245  0.037 
Left side  -0.021  0.012  0.005  0.007  -0.082  0.024  0.227  0.029 
Region         
R1 (Posterior-right)  -0.086  0.056  -0.068  0.056  -0.061  0.059  0.284  0.089 
R2 (Lateral-right)  -0.011  0.016  0.005  0.017  -0.085  0.051  0.225  0.052 
R3 (Anterior-right)  0.015  0.011  0.004  0.006  -0.046  0.034  0.221  0.038 
R4 (Anterior-left)  0.007  0.011  0.009  0.010  -0.086  0.031  0.209  0.032 
R5 (Lateral-left)  -0.006  0.007  -0.060  0.031  0.001  0.013  0.180  0.023 
R6 (Posterior-left)  -0.067  0.041  0.006  0.023  -0.102  0.060  0.294  0.076 

SE, Standard error.  

Month xxxx 7  

Lo Russo et al  THE JOURNAL OF PROSTHETIC DENTISTRY  



found between intraoral scans and elastomeric im-
pressions was not rejected. 

The results confirmed that the mean full scan de-
viation was minimal (−0.08 mm), with no evident de-
viation pattern in the color map evaluation (Fig. 5). The 
mean differences between the right and left side were 
0.009 mm, 0.025 mm, 0.017 mm, and 0.018 mm for the 
X- (anteroposterior), Y- (mediolateral), Z-axis (corono- 
apical), and overall 3D deviation, respectively (Table 3), 
which, related to the fabrication of removable pros-
theses, appear clinically not relevant. 

In the presence of difference, if a distortion had oc-
curred, it seems reasonable to expect lack of consistency 
of such a difference between sides or among regions. On 
this basis, the GEE models were used to assess the ef-
fects of side and region on deviations measured all along 
the surface curves, considering the X-, Y-, Z-axes and 
the overall 3D deviation, under the assumption that a 
distortion can be defined as a nonuniform or non-
consistent difference between sides or across regions. 
Results from the GEE models showed that deviations 
were consistent throughout the arch on the right and left 
side, with no significant effect found for the side in any 
of the 3D global deviation or X-, Y-, and Z-axis devia-
tions (Table 2). Conversely, a significant effect was found 
for the region factor only in 3D global deviation (P=.004) 
and in X-axis deviation (P=.014). If such a significant 
effect of region accounts for an actual distortion, it 
would be reasonable to expect significant differences 
between corresponding regions (posterior regions=R1, 
R6; lateral regions=R2, R5; anterior regions=R3, R4;) on 
the 2 sides: this was not confirmed by the region pair-
wise comparisons (Table 4) of estimated marginal means 
from the GEE models after Bonferroni adjustment for 
multiple comparisons, which showed no statistical sig-
nificance (P>.05). 

Current results are applicable to the present experi-
mental settings and reported technology or system, scan-
ning strategy, and scanning auxiliary instruments. Future 
research should address such potential limitations in the 
context of different systems or clinical procedures. 

CONCLUSIONS 

Based on the findings of this clinical study, the following 
conclusions were drawn:  

1. Intraoral scans of the edentulous mandibular arch 
made with a 2-step scanning strategy do not ex-
hibit significant distortion in comparison with 
conventional elastomeric impressions.  

2. Adequate management of the stability of tissues 
around the residual ridge, favoring accessibility for 
the scanner, can yield reliable intraoral scans of the 
edentulous mandibular arch. Ta
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PATIENT CONSENT 

Informed patient consent has been obtained. 
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