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PURPOSE. The purpose of this in vitro  study was to assess whether scanning 
strategies of virtual interocclusal record (VIR) affect the accuracy of VIR during in-
traoral scanning. MATERIALS AND METHODS. Five pairs of reference cubes were 
added to the digital upper and lower dentitions of a volunteer, which were print-
ed into resin casts. Subsequently, the resin casts were articulated in the maximal 
intercuspal position in a mechanical articulator and scanned with an industrial 
computed tomography system, of which the VIR was served as a reference VIR. 
The investigated VIR of the upper and lower jaws of the resin master cast were 
recorded with an intraoral scanner according to 9 designed scanning strategies. 
Then, the deviation between the investigated VIRs and reference VIR were ana-
lyzed, which were measured by the deviation of the distances of six selected refer-
ence points on the upper reference cubes in each digital cast to the XY-plane be-
tween the investigated VIRs and reference VIR. RESULTS. For the deviation in the 
right posterior dentitions, RP group (only scanning of right posterior dentitions) 
showed the smallest deviation. Besides, BP group (scanning of bilateral posterior 
dentitions) showed the smallest deviation in the left posterior dentitions. More-
over, LP group (scanning of left posterior dentitions) showed the smallest devi-
ation in the anterior dentitions. For the deviation of full dental arches, BP group 
showed the smallest deviation. CONCLUSION. Different scanning strategies of 
VIR can influence the accuracy of alignment of virtual dental casts. Appropriate 
scanning strategies of VIR should be selected for different regions of interest and 
edentulous situations. [J Adv Prosthodont 2022;14:369-78]
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INTRODUCTION

The rapid development of intraoral scanner (IOS) in 
dentistry has led to a shift to a digital approach for 
creating impressions1,2 and interocclusal registration 
from the conventional method using polyvinyl silox-
ane or bite wax.3-5 Beside the precise virtual dental 
casts,6-8 the virtual interocclusal record (VIR) of the 
maxillary and mandibular dentitions is also import-
ant for digital dental treatments.9,10 The VIR is one or 
several 3D records that register the relationship be-
tween the maxillary and mandibular in the proposed 
occlusal position, such as the maximal intercuspal 
position (MIP).11 With VIRs, digital maxillary and man-
dibular casts obtained from IOS can be repositioned 
in the CAD software program for the treatment de-
sign,11-13 for instance, implant surgical template de-
sign7, dental prosthetic fabrication,14,15 and planning 
of orthodontic treatment.16 Therefore, inaccurate VIR 
can affect the effect of corresponding dental treat-
ments. 

The accuracy of VIR can be affected by the span of 
scanning with IOS. For example, occlusal contacts 
obtained from VIR based on the quadrant scans are 
different from those based on the complete-arch 
scans.17,18 The accuracy of VIR can also be influenced 
by the section quantity. For instance, an in vitro study 
performed by Solaberrieta et al .12 has indicated that 
the combination of the right and the left lateral sec-
tions are suggested to obtain a more accurate interoc-
clusal record. However, the study used an industrial 
3-dimensional scanner to digitize the casts and ob-
tained the VIRs according to the scan sections formed 
by cutting the full dentition scan of VIR into a differ-
ent number of sections. Thus, the results do not nec-
essarily equate with those obtainable by the IOS. Fur-
thermore, whether the scanning direction of VIR can 
affect the accuracy of VIR is still unclear. 

Therefore, this study in vitro was performed to fur-
ther investigate the effect of different scanning strate-
gies with different scanning section quantities, spans, 
and directions on the accuracy of VIR during intraoral 
scanning. The null hypothesis that the accuracy of VIR 
would not be affected by the scanning strategies.

MATERIALS AND METHODS

This study was approved by the West China Hospital 
of Stomatology Institutional Review Board (IRB: WCH-
SIRB-D-2020-389). In order to obtain a pair of digital 
casts of maxillary and mandibular dentition with sta-
ble MIP for the sample preparation of this study, the 
maxillary and mandibular dentition of one volunteer 
(male aged 20, with full dentition, stable MIP, normal 
overjet, and overbite) were scanned by the IOS (TRIOS 
3; 3Shape, Copenhagen, Denmark). The digital casts 
were exported as Standard Tessellation Language 
(STL) files.

The workflow of the following in vitro study was de-
scribed in Figure 1. Briefly, to prepare the above virtu-
al maxillary and mandibular casts for measurement 
and analysis, five pairs of reference cubes (named 
cubes 1-10) were added on the labial/buccal gingival 
surface of the virtual maxillary and mandibular casts 
in Geomagic 15.0 (3D systems; Wilsonville, OR, USA), 
respectively (Fig. 1A). To establish a XY-plane for the 
following measurement and analysis, the upper sur-
face of the five mandibular reference cubes (cubes 
1-5) were located on the same plane with lateral sur-
faces paralleled with each other. Next, the STL files of 
the upper and lower virtual master casts with refer-
ence cubes were printed into master casts of acrylic 
resin by a 3D printer (DLP1080E; Han’s Laser, Shen-
zhen, China). Subsequently, the above resin upper 
and lower master casts were articulated in MIP de-
termined by the full dentition in an articulator (Artex 
CPR; Amann Girrbach, Pforzheim, Germany), (Fig. 1B). 
Then, the articulator was locked in the hinge move-
ment, preventing mandibular deviation during jaw 
closure. To establish the reference data, the whole 
maxillary and mandibular resin casts fixed in the MIP 
by the articulator were scanned by an industrial com-
puted tomography (CT) system (Metrotom 1500G3; 
Zeiss, Oberkochen, Germany) with high precision (Fig. 
1C), which were then exported as an STL file. The in-
vestigated VIRs of the upper and lower jaws of the 
resin master cast were recorded with an IOS (Fig. 1D) 
according to 9 designed scanning strategies. For the 
analysis of the deviation between the investigated 
VIRs and the reference VIR, the distances of six select-
ed reference points on the upper reference cubes in 
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each digital cast to the XY-plane were constructed (Fig. 
1E).

The XY-plane was constructed by the upper surface 
of the five mandibular reference cubes (cubes 1-5) 
(Fig. 2A). Then, 6 reference points (named points 1-6), 
three-plane intersection points of a reference cube, 
were selected on the five maxillary reference cubes 
(cubes 6-10), and their distance (named distances 
1-6) to the XY-plane was measured in the Inspect 2020 
software (GOM; Zeiss, Oberkochen, Germany) as a 
control (Fig. 2B).

In study groups, the upper and lower resin casts ar-
ticulated in the articulator were scanned once using 
the IOS without rescanning procedure in accordance 
with the manufacturer’s instructions. Next, based on 
the different scanning strategies of the VIR of the up-

per and lower resin casts in the MIP articulated in the 
articulator, 9 study groups were designed and dis-
played in Figure 3, including the right posterior (RP) 
group, left posterior (LP) group, bilateral posterior 
(BP) group, right quadrant (RQ) group, left quadrant 
(LQ) group, bilateral quadrant (BQ) group, complete 
arch 1 (CA1) group, complete arch 2 (CA2) group, and 
anterior (ANT) group. The VIR of each group was tak-
en and repeated 10 times by scanning the upper and 
lower dentition but not the reference cubes. Finally, 
the upper and lower jaws in the MIP were exported 
into STL files by Trios 3 software. Then, the 90 sam-
ples of STL files of the 9 study groups were imported 
into the Inspect 2020 software, respectively. The cor-
responding distances 1-6 in the 90 samples from the 9 
study groups were also measured by the same meth-

Fig. 2. Construction of the measuring parameters. (A) The XY-plane was constructed by the upper surface of cubes 1-5, (B) 
distances 1-6 were measured between reference points 1-6 and their corresponding projection points on XY-plane. The 
white numbers 1-10 indicate the reference cubes 1-10, the green planes indicate the fitting planes, the yellow points in 
the maxillary cast indicate the 6 reference points, and red line segment indicate the distances 1-6.

A B

Fig. 1. Workflow of the study. (A) virtual master casts with reference cubes 1 to 10, (B) resin master casts fixed by articula-
tor, (C) reference cast of MIP recording obtained by industrial CT system, (D) study groups obtained by IOS, (E) analysis of 
deviations in the distance of the six pairs of reference points between the study groups and reference cast.
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od as described above.
Then, the deviations of distances 1-6 between the 

control and each sample from the 9 study groups 
were calculated and named δ1 to δ6, respectively. 
The mean value of δ1 and δ2 represented the devia-
tion of the right posterior dentition of each sample, 
named δR. The mean value of δ3 and δ4 represented 
the deviation of the anterior dentition of each sam-
ple, named δA. The mean value of δ5 and δ6 repre-
sented the deviation of the left posterior dentition of 
each sample, named δL. In addition, the mean value 
of δ1-δ6 of each sample was calculated and named δ
D. Finally, δR, δA, δL, and δD were compared among 
the 9 study groups, respectively.

Shapiro-Wilk test was applied to test the distribu-

tion of δR, δA, δL, and δD, and the results demon-
strated that these variables were non-normally dis-
tributed. Then the Kruskal-Wallis test was used to 
detect the difference of δR, δA, δL, and δD among the 
9 groups. Besides, the Bonferroni correction was used 
to prevent increased type Ⅰ error during the post hoc 
test for pair-wise comparisons. The significant levels 
of all analyses were set at .05.

RESULTS

Statistically significant differences in δR, δA, δL, and δ
D were found among the study groups. Tables 1 to 4 
list the median and interquartile range of δR, δA, δL, 
and δD. When comparing the difference in the devia-

Fig. 3. The scanning strategies of 9 study groups. (A) RP group, 1 section, from right 2nd molar to ipsilateral 1st premolar, 
(B) LP group, 1 section, from left 2nd molar to ipsilateral 1st premolar, (C) BP group, 2 sections, from 2nd molar to ipsilat-
eral 1st premolar bilaterally (D) RQ group, 1 section, from right 2nd molar to ipsilateral central incisor. (E) LQ group, 1 sec-
tion, from left 2nd molar to ipsilateral central incisor, (F) BQ group, 2 sections, from 2nd molar to ipsilateral central incisor 
bilaterally, (G) CA1 group, 1 section, from right 2nd molar to left 2nd molar, (H) CA2 group, 1 section, from left 2nd molar 
to right 2nd molar, (I) ANT group, 1 section, right canine to left canine. The white arrows indicate the span and scanning 
direction of VIR. 
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tion of the right posterior dentition among the 9 study 
groups, the RP group showed the smallest median δR, 
which was significantly smaller compared to the oth-
er groups (P < .05) except the RQ, BP, and BQ groups 
(P  > .05) (Table 1 and Fig. 4A). When comparing the 
difference in the deviation of the left posterior denti-
tion among the 9 study groups, the BP group showed 
the lowest median δL which was significantly small-
er than the other groups (P  < .05) except the LP, LQ, 
and BQ groups (P > .05) (Table 2 and Fig. 4B). Howev-
er, for analysis of the deviation in the anterior denti-
tion in each group, the LP group showed the lowest 
median δA, which was only significantly smaller than 
that of the CA2 group (P  < .05) (Table 3 and Fig. 4C). 
There was no significant difference in the δA of the 

LP group when compared with the other groups (P > 
.05). Taking the δD into account which represented 
the deviation of the full arches, the BP group showed 
the smallest median δD, which was only significantly 
smaller than that of the CA2 and CA1 groups (P < .05) 
(Table 4 and Fig. 4D). 

When comparing the difference in the deviation of 
the right and left posterior dentition in RP, RQ, LP, 
and LQ groups, the δR was significantly smaller than 
δL in the RP and RQ groups (P < .05) (Fig. 5A, B). In the 
LP group, the δL is significantly smaller than δR (P < 
.05) (Fig. 5C). But there was no significant difference 
between the δL and δR in the LQ group (P > .05) (Fig. 
5D).

Fig. 4. Box plot demonstrating accuracy measurement reflecting δR, δA, δL, and δD with different scanning strategies of 
VIR. Median, interquartile range, minimum and maximum values (μm) of δR, δA, δL, and δD, (A) δR represented with box 
plot, (B) δL represented with box plot, (C) δA represented with box plot, (D) δD represented with box plot. No same super-
script letters (a-e) on the box plot indicating there is a significant difference among different scanning strategies (P < .05).
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Table 3. Median, interquartile range, minimum and maximum values (μm) of δA with different scanning strategies of VIR
VIR Minimum Q1 Median Q3 Maximum Mean Standard Deviation
RP 24.5 25.75 29.5ab 36.25 56 32.5 9.64
LP 6.5 13.125 19.5a 26.875 33.5 20.1 9.22
BP 10 25.125 31.75ab 39.25 54.5 31.25 14.28
RQ 15.5 16.125 26a 33.875 48 26.55 11.21
LQ 6 7.375 20.25a 34 40.5 20.85 14.23
BQ 14.5 24.125 27.25a 41.875 51.5 31.3 12.39
CA1 29 33.5 35.75ab 40.25 71.5 39.05 12.32
CA2 48 57.125 62b 67.375 80.5 62.7 9.41
ANT 13.5 15.5 20.75a 27.75 34.5 21.7 7.36

P-value < .001
VIR, virtual interocclusal record; Q1, first quartile; Q3, third quartile; δA, deviation in the sum of moduli of distances 3 and 4 between investigated VIRs and 
reference VIR; RP, right posterior group; LP, left posterior group; BP, bilateral posterior group; RQ, right quadrant group; LQ, left quadrant group; BQ, bilateral 
quadrant group; CA1, complete arch 1 group; CA2, complete arch 2 group; ANT, anterior group. No same superscript letters (a-b) in the “Median” column 
indicating there is a significant difference among different scanning strategies (P < .05).

Table 2. Median, interquartile range, minimum and maximum values (μm) of δL with different scanning strategies of VIR
VIR Minimum Q1 Median Q3 Maximum Mean Standard Deviation
RP 72.5 145.25 160.25e 174.625 186 151.65 35.87
LP 73.5 79.25 83.5ab 88.75 91.5 83.8 5.93
BP 57.5 62.25 69.25a 83.125 101.5 73.65 15.62
RQ 83.5 123.625 134.25bcde 141.125 152 128.9 21.52
LQ 77.5 88.75 91.25abc 95.625 98.5 91 6.2
BQ 84 88.75 106.75abcd 113.125 124.5 103.25 14.46
CA1 89.5 134.375 158.25de 160.25 182 148.55 27.19
CA2 118.5 135.125 152.25e 176.875 192 154 27.43
ANT 110 127 132cde 139.625 151 132.85 12.62

P-value < .001
VIR, virtual interocclusal record; Q1, first quartile; Q3, third quartile; δL, deviation in the sum of moduli of distances 5 and 6 between investigated VIRs and 
reference VIR; RP, right posterior group; LP, left posterior group; BP, bilateral posterior group; RQ, right quadrant group; LQ, left quadrant group; BQ, bilateral 
quadrant group; CA1, complete arch 1 group; CA2, complete arch 2 group; ANT, anterior group. No same superscript letters (a-e) in the “Median” column 
indicating there is a significant difference among different scanning strategies (P < .05).

Table 1. Median, interquartile range, minimum and maximum values (μm) of δR with different scanning strategies of VIR
VIR Minimum Q1 Median Q3 Maximum Mean Standard Deviation
RP 39.5 43.75 44.75a 45 46.5 43.9 2.2
LP 74.5 92.875 111.25de 121.5 134.5 106.9 18.89
BP 51 68.75 74.25abcd 76.875 79.5 71.05 8.83
RQ 46.5 50.125 57ab 58.75 85.5 57.95 11.52
LQ 64 78.125 85.25bcde 94.5 98 84.55 11.24
BQ 52 65.25 67abc 68.5 74 66.25 5.91
CA1 50 85 96.25cde 106.125 146.5 96.8 25.32
CA2 71.5 106.5 125.5e 136.375 152 12.05 25.62
ANT 65 72.75 77.25bcde 88 106 81.35 12.67

P-value < .001
VIR, virtual interocclusal record; Q1, first quartile; Q3, third quartile; δR, deviation in the sum of moduli of distances 1 and 2 between investigated VIRs and 
reference VIR; RP, right posterior group; LP, left posterior group; BP, bilateral posterior group; RQ, right quadrant group; LQ, left quadrant group; BQ, bilateral 
quadrant group; CA1, complete arch 1 group; CA2, complete arch 2 group; ANT, anterior group. No same superscript letters (a-e) in the “Median” column 
indicating there is a significant difference among different scanning strategies (P < .05).
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Table 4. Median, interquartile range, minimum and maximum values (μm) of δD with different scanning strategies of VIR
VIR Minimum Q1 Median Q3 Maximum Mean Standard Deviation
RP 4 15.5 67ab 113.25 223 76.02 65.63
LP 2 31.75 61.5ab 108.25 182 70.27 47.92
BP 0 29.75 38a 96.75 129 58.65 40.34
RQ 2 17.75 57ab 107.25 195 71.13 57.29
LQ 1 27.5 49.5ab 124 146 65.47 49.17
BQ 1 23.5 55ab 118 170 66.93 49.14
CA1 7 46.75 79bc 139.75 218 94.8 59.6
CA2 25 67.75 104.5c 157.25 228 112.25 52.39
ANT 1 27 67ab 128 190 78.63 58.38

P-value < .001
VIR, virtual interocclusal record; Q1, first quartile; Q3, third quartile; δD, deviation in the sum of moduli of distances 1-6 between investigated VIRs and 
reference VIR; RP, right posterior group; LP, left posterior group; BP, bilateral posterior group; RQ, right quadrant group; LQ, left quadrant group; BQ, bilateral 
quadrant group; CA1, complete arch 1 group; CA2, complete arch 2 group; ANT, anterior group. No same superscript letters (a-c) in the “Median” column indi-
cating there is a significant difference among different scanning strategies (P < .05).

Fig. 5. Box plot demonstrating accuracy measurement between δR and δL in RP, RQ, LP, and LQ groups. Different alpha-
betical letters indicate statistical differences in different scanning strategies of VIR (P < .05). Median, interquartile range, 
minimum and maximum values (μm) of δR and δL. (A) RP group, (B) RQ group, (C) LP group, (D) LQ group. *: P < .05, **: P < 
.01, ns: P ≥ .05.
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DISCUSSION

This study investigated the deviations caused by dif-
ferent scanning strategies with different scanning sec-
tion quantities, spans, and directions of VIR. The null 
hypothesis that the accuracy of VIR would not be af-
fected by the scanning strategy was rejected. The VIR 
error was represented by mean differences between 
each study group and reference which was obtained 
by an industrial CT system and proved comparative 
accuracy in measurement to coordinate measuring 
machine.19 These mean differences were compared 
among study groups at the corresponding distances. 
The trueness and precision of digital scans for a com-
plete dentate arch have been reported to range be-
tween 60 μm and 200 μm.20,21 The deviations found in 
the present study are within this reported range.

Several pairs of markers, such as silicone nitride 
spheres,15 cobalt chrome molybdenum hemispheres22 
and markers pierced by tungsten carbide,11 were 
used in the upper and lower jaws of the dentition as 
reference points for measurements. In the present 
study, the fitting planes and three-plane intersection 
points were constructed on the reference cubes 1-10 
by Gaussian best-fit method, preventing the arbitrari-
ness of manual point selection for subsequent mea-
surement and solving the uneven surface of reference 
cubes after scanning.

In the present study, to minimize the variables that 
could influence the outcome of virtual interocclu-
sal registration, the virtual relationship between the 
digital upper and lower casts was established auto-
matically by the IOS software, without any operator 
intervention. In addition, according to the previous 
studies,23-25 the artificial landmarks had a signifi-
cant effect on the accuracy of the intraoral scanner. 
In order to eliminate the influence of reference cubes 
during virtual interocclusal registration, the VIR was 
taken without including the reference cubes.

For the strategies of obtaining one section of VIR, 
the results of the present study indicated that the 
wider span of VIR caused higher deviations. On the 
contrary, Revilla-León et al .26 have compared the vir-
tual bilateral interocclusal record including 4 teeth 
with that contained only 2 or 3 teeth and recommend-
ed the latter. However, the influence of VIR involving 

more than 4 teeth was not assessed. In the present 
study, RP and RQ groups, in which the scanning strat-
egies did not pass the midline, showed significantly 
smaller δR than the CA1 group with full arch scan-
ning. Similarly, the LP and LQ groups, of which the 
scanning span was within the left side, showed sig-
nificantly smaller δL than the CA2 group of full arch 
scanning, indicating the VIR covering the full dental 
arch causes higher deviations in the alignment of vir-
tual casts. As IOS systems capture single images of 
the tooth and produce an assembled virtual model of 
the whole images, the accuracy of VIR might be affect-
ed by the process of stitching the scanned images,27 
which might result in VIR covering the full dental arch 
causing higher deviations in the alignment of virtual 
casts.

Notably, Ren et al .11 and Iwaki et al .28 have reported 
that a single missing tooth in complete arch scanning 
could not influence the accuracy of VIR. Taking these 
findings into account, it is better to scan one lateral 
side of the dental arch for the VIR of the full dentition 
or dentition with one tooth missing. In addition, CA1 
and CA2 showed no significant difference in compari-
son of the δD, δR, δA, and δL, which indicated that the 
accuracy of VIR was not influenced by the scanning 
direction. Moreover, in the RP and RQ groups with 
VIR covering the right posterior area, the δR is signifi-
cantly smaller than δL. Similarly, in the LP group, the 
δL is significantly smaller than δR. Although the δL 
is not statistically different from δR in the LQ group, 
Edher et al .17 investigated the occlusal contact points 
between a complete arch and quadrant arch and re-
ported that there exists a tilting effect toward the 
site of the VIR of a single section in the full dentition. 
Therefore, when the site of interest is the unilateral 
posterior area, it is better to perform the VIR covering 
the ipsilateral side without crossing the middle line in 
full dentition or dentition with one missing tooth. For 
instance, in the prosthodontic treatments of a single 
crown or implant restoration in the posterior dental 
arch, the VIR covering the ipsilateral prosthetic area 
without crossing the midline of the dentition is rec-
ommended. Furthermore, there was no significant 
difference in the δR between the RP and RQ groups or 
in the δL between the LP and LQ groups. Thus, the VIR 
scanning of the ipsilateral posterior is recommended 
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for time-saving. Ren et al .11 found that unilateral and 
bilateral extended edentulous spans with 3 or more 
missing posterior teeth and the extended edentulous 
span in the anterior region all affected the accuracy 
of VIR. In addition, the significant difference between 
the δR and δL found in the RP, RQ, and LP groups also 
indicated that the virtual interocclusal registration is 
not recommended when multiple teeth are missing in 
the dental arch, for example, all the right or left ante-
rior and posterior teeth are missing. Due to the high-
er δR than the RP group and higher δL than the BP 
group in the ANT group, the virtual interocclusal reg-
istration is also not recommended in cases of bilateral 
posterior teeth missing. 

Moreover, different clinical scenarios, such as mul-
tiple teeth prepared and partial edentulism, might 
produce different outcomes when compared with the 
results of the present study. Further studies are rec-
ommended to assess the accuracy of the maxilloman-
dibular relationship when the alignment of the upper 
and lower digital casts is completed using manual 
and automatic methods.

Limitations of this study included the in vitro design 
that may not have replicated clinical conditions and 
that only one IOS system was used. In addition, this 
study did not explicitly exclude errors from the scan-
ning process of the IOS. Future clinical investigations 
are required to expand and validate the indications of 
complete digital workflow with VIR.

CONCLUSION

Based on the findings of this study, the scanning 
strategies of VIR can affect the alignment of virtual 
dental casts. In single crown or implant restoration, 
when focusing on the right posterior of the dental 
arch, the scanning strategies of BP, BQ, RP, and RQ are 
recommended. For the left posterior dental arch, the 
scanning strategies of BP, BQ, LP, and LQ are recom-
mended. When focusing on the anterior region, CA1 
and CA2 are not recommended. When the right or 
left anterior and posterior teeth or bilateral posterior 
teeth are missing, virtual interocclusal registration is 
not recommended.
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