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ARTICLE INFO ABSTRACT

Keywords: Purpose: To measure the impact of the scanning distance on the accuracy of complete-arch implant scans acquired
A_CC_uraC‘Y ) by using a photogrammetry (PG) system.

Digital impression Material and methods: An edentulous cast with 6 implant abutment analogs was obtained. A brand new implant
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scan body was positioned on each implant abutment and digitized using an extraoral scanner (T710; Medit) and
the reference file was obtained. Three groups were created based on the scanning distance used to acquire
complete-arch implant scans by using a PG (PIC System; PIC Dental): 20 (20 group), 30 (30 group), and 35 cm
(35 group). An optical marker (PIC Transfer, HC MUA Metal; PIC Dental) was placed on each implant abutment
and a total of thirty scans per group were acquired. Euclidean linear and angular measurements were obtained on
the reference file was obtained and used to compare the discrepancies with the same measurements obtained on
each experimental scan. One-way ANOVA and Tukey tests were used to analyze trueness. The Levene test was
used to analyze the precision values (a = 0.05).

Results: Significant linear (P < .001) and angular trueness (P < .001) discrepancies were found among the
groups. For linear trueness, Tukey test showed that the 20 and 30 groups (P < .001) and 30 and 35 groups were
different (P < .001). For angular trueness, the Tukey test revealed that 20 and 30 groups (P = .003), 20 and 35 (P
< .001), and 30 and 35 groups were different (P < .001) The Levene test showed no significant linear precision
(P = .197) and angular discrepancies (P = .229) among the groups.

Conclusions: The scanning distance influenced the trueness of complete-arch implant scans obtained with the PG
method tested. The maximum linear trueness mean discrepancy among the groups tested was 10 um and the
maximum angular trueness mean discrepancy among the groups tested was 0.02 .

scanning distance was 10 ym and 0.02°, which can be considered
of low clinical significance due to the magnitude of the discrep-
ancy measured.

Clinical significance

The optimal scanning distance when acquiring implant scans by
using the photogrammetry system tested is 30 cm; however, the
linear and angular discrepancy measured with 20- and 35-cm
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1. Introduction

Photogrammetry (PG) systems can be used to digitally acquire the 3-
dimensional (3D) position of dental implants [1-3]; however, these PG
systems are unable to capture soft tissue information or digitize adjacent
or antagonist dentition [4]. Therefore, an additional impression method
is needed, such as an intraoral scanner (I0S).

Currently, there are four dental PG systems available on the market,
namely PIC System from PIC Dental, iCam4D from Imetric, Micro-
nMapper from ClaroNav, and OXO Fit from OXO [5]. Dental literature
has analyzed the accuracy of implant scans obtained by using these PG
systems [5-11]. A recent systematic review reported that the PIC sys-
tem, trueness ranged from 10 to 49 um and precision ranged from 5 to 65
um [4]. For the iCam4D system, trueness ranged from 24 to 77 um and
the precision value ranged from 2 to 203 pm [5]. The accuracy of the
remaining systems has not been reported yet.

Engineering studies have reported different factors that can impact
the accuracy of PG devices for different applications, including resolu-
tion of the digital cameras, camara lens distortion coefficients, focal
length, number of photographs, targets, shooting distance, percentage of
photo overlaps, number of overlapping photos, camera intersection
angles, and angles of incidence [12-14]. While dental literature has
identified multiple factors that can impact the accuracy of IOSs [15,16],
the factors that may influence the scanning accuracy of the dental PG
systems for capturing implant positions remains unknown. The purpose
of the present in vitro study was to assess the influence of the scanning
distance (20, 30, and 35 cm) on the accuracy (trueness and precision) of
complete-arch implant scans captured by using a photogrammetry sys-
tem (PIC system; PIC Dental). The null hypotheses were that there would
be no significant difference on the trueness and precision among the
complete-arch implant scans captured at different scanning distances by
using the PG system tested.

2. Material and methods

A maxillary edentulous stone cast with six implant abutment analogs
was obtained. The implant abutment analogs (MultiUnit Abutment Plus
Replica; Nobel Biocare) were located at the right and left first molar,
right and left first premolar, and right and left canine. The maxillary
reference cast was positioned into a head mannequin (Adam Patient
Simulator; KaVo) aiming to replicate clinical conditions.

For acquiring the refence model, a laboratory scanner (T710; Medit)
was used to digitize the cast. A brand new 2-piece PEEK [17,18] implant
scan body (ISB) (Scan Abutment Non Engaging, ¥4.8 mm, H10 mm;
IPD) was hand-torqued [18,19] on each implant abutment of the cast
following the manufacturer’s instructions. The scanner was previously
calibrated by following the manufacturer’s instructions. Then, the cast
was digitized by using the selected laboratory scanner following the
manufacturer’s recommendations. The manufacturer of the selected
laboratory scanner reports a scanning accuracy of 4 um. The reference
standard tessellation language (STL) file was exported (Fig. 1). Subse-
quently, the ISBs were removed from the cast.

A photogrammetry system (PIC System; PIC Dental) was selected to
capture consecutive complete-arch implant scans. A specific photo-
grammetry optical marker (PIC Transfer, HC MUA Metal, #4.8 mm; PIC
Dental) was hand torqued on each implant abutment of the cast
following the manufacturer’s recommendations. The optical markers
were maintained in the same position during all the digitizing proced-
ures (Fig. 2). The code of each optical marker and its position was
introduced into the system program (Table 1). The implant positioned in
the maxillary right first molar was marked as the reference implant.

Three groups were created based on the scanning distance used to
capture the complete-arch implant scans by using the selected PG sys-
tem: 20 (20 group), 30 (30 group), and 35 cm (35 group). The scanning
distance was standardized by using a measurement tape (Measurement
Tape; Bushibu) that was attached to the screw of the tripod (PIXI Mini
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Fig. 1. Digitized reference maxillary stone cast.
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Fig. 2. A, Reference cast with optical markers (PIC Transfer, HC MUA Metal,
4.8 mm; PIC Dental) positioned. B, Reference cast positioned in the manne-
quin head. C, Representative complete-arch implant scan obtained by using the
PG system tested. PG, Photogrammetry.

Table 1
Optical marker (PIC Transfer; PIC Dental) codes and positions.

Implant position Optical marker code

Right first molar 88MUAS
Right first premolar 88MUA4
Right canine 88MUA6
Left canine 88MUA9
Left first premolar 88MUAO
Left first molar 88MUA3

Tripod; Manfrotto) holding the PG system and the mannequin head. The
length of the measurement tape between the tripod and the most ante-
rior surface of the reference cast was determined based on the group
tested (20, 30, or 35 cm). The digitizing method involved a Following
the ISO 20896-1:2019 [20,21], a sample size of 30 was determined. A
total of 30 consecutive PG scans per group were acquired.

The CAD object of the ISB (Scan Abutment Non Engaging, @#4.8 mm,
H10 mm; IPD) was provided by the manufacturer. The reference STL file
and the CAD file implant scan body were imported into a reverse
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engineering software program (Geomagic, Control X; 3D Systems). In
the reference STL, the z plane was located at the most coronal surface of
the ISB, follow by the location of the longitudinal axis of the ISB [22].
The z plane marked on the ISB was moved apically 10 mm, which cor-
responded to the height of the ISB. Afterwards, the point located at the
intersection between the z-plane and the longitudinal axis of the implant
scan bodies was used to measure the Euclidean linear distances among
the 6 implant scan bodies (Fig. 3A-C). Additionally, the longitudinal
axes of the implant scan bodies were used to calculate the Euclidean
angular distances among the implant scan bodies [22].

Each experimental scan was imported in the same reverse engi-
neering software program. The z plane was located at the apical base of
each implant scan abutment, followed by the longitudinal axis of each
implant abutment. Similarly, as in the reference file, the point located at
the intersection between the z-plane and the longitudinal axis of the
implant abutment was used to measure the Euclidean linear distances
among the 6 implant abutments (Fig. 3D). Additionally, the longitudinal
axes of the implant abutments were used to calculate the Euclidean
angular distances among the implant scan bodies [22].

The linear and angular measurements obtained in the reference file
were used as a reference to calculate the distortion with the experi-
mental scans. Trueness was defined as the average linear and angular
measurement discrepancies between the reference and experimental
scans [7-10,20-22]. Precision was described as the linear and angular
measurement variations per each group or standard deviation (SD)
[7-10,20-22]. The Shapiro-Wilk and Kolmogorov-Smirnov tests
revealed that the data were normally distributed (P < .05). One-way
ANOVA analysis of variance (Fisher’s) followed by the pairwise com-
parison Tukey tests were used to analyze the trueness data. The Levene
test was used to compare the variances across the groups and analyze the
precision values. All the statistical analysis was completed using a sta-
tistical software program (IBM SPSS Statistics for Windows, v26; IBM
Corp) (o = 0.05).

3. Results

The linear and angular mean +SD discrepancies obtained among the
groups tested are presented on Table 2. Regarding the analysis of the
linear measurements, one-way ANOVA (Fisher’s) showed significant
mean linear measurement discrepancies among the groups tested
(df=87, F = 35.8, P < .001). Additionally, the Tukey post hoc multiple

Table 2

Descriptive statistics of the overall linear and angular measurement discrep-
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ancies computed among the groups tested.

Group Mean +SD linear measurement discrepancies Mean +SD angular
(um) measurement
discrepancies
(degrees)
20 25% + 4% 0.15% + 0.01%
30 17° + 4° 0.17° £ 0.02*
35 27% + 6% 0.19° + 0.01?

SD, standard deviation.

pairwise comparison test showed that 20 and 30 groups (P < .001) and
30 and 35 groups were significantly different (P < .001) (Fig. 4A). The
Levene test showed no significant mean precision discrepancies among
the groups tested (P = .197) (Fig. 4B).

Regarding the analysis of the angular measurements, the one-way
ANOVA revealed statistically significant mean trueness differences
among the groups tested (df=2, F = 48.2, P < .001). Additionally, the
Tukey post hoc multiple pairwise comparison test showed that 20 and 30
groups (P = .003), 20 and 35 (P < .001), and 30 and 35 groups were
significantly different (P < .001). Regarding precision, the Levene test
showed no significant mean precision discrepancies among the groups
tested (P = .229).

4. Discussion

Based on the results from the present investigation, scanning dis-
tance impacted the trueness of the complete-arch implant scan captured
by using the PG system tested, but no differences were found in the
scanning precision. Therefore, the null hypothesis was partially rejected.
To the best of the authors knowledge, the present study is the first
investigation evaluating the effect of scanning distance on the trueness
and precision of a dental PG system. Therefore, comparisons with results
reported by previous published studies are not feasible.

Three scanning distances were tested, namely 20, 30, and 35 cm. The
scanning distances were selected inside the range at which the PG sys-
tem was able to capture information. The 30-cm scanning distance ob-
tained the highest linear trueness when compared with the 20- and 35
cm scanning distance. The maximum linear trueness mean discrepancy
among the groups tested was 10 um and the maximum angular trueness

C

D

Fig. 3. Measurement method. A, Reference file with the multiple CAD objects of the implant scan body aligned. B, Center point of each of the implant scan body
located on the intersection of the longitudinal axis and z-plane. C, Euclidean distances measurements. D, Representative experimental scan alignment with the

multiple CAD objects of the implant scan body aligned.
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Fig. 4. A, Boxplot of the linear measurement discrepancies measured among the groups tested. B, Boxplot of the angular measurement discrepancies measured

among the groups tested.FI.

mean discrepancy among the groups tested was 0.02°. Furthermore,
the 30 cm scanning group obtained a linear mean trueness + precision of
17 + 4 ym and an angular mean trueness + precision of 0.17 + 0.02°.
However, the clinical impact of the discrepancy measured is uncertain.
Additional studies are needed to assess the impact of the scanning dis-
tance and scanning angles on the accuracy of different PG systems
recording the 3D position of dental implants with different angulations
and positions in the dental arch.

Different digitizing methods have been described in the dental
literature for capturing the virtual reference model [5], including a co-
ordinate measurement machine [7,9], industrial scanners [23,24], and
laboratory dental scanners [6,8,10]. In the present investigation, an
extraoral dental scanner was used to obtain the reference file repre-
senting one limitation of the present investigation. However, the same
measurement method was used among all the experimental scans. This
allowed the direct comparison of the discrepancy values obtained in the
different groups tested. Further studies are needed to assess the influ-
ence of the scanning distance on the accuracy of the different PG sys-
tems. Additionally, Euclidean measurement method used in the present
study to analyze trueness and precision has been widely used in dental
literature for measuring implant scan accuracy [5,6,10].

Dental literature has reported different vertical displacements of
implant scan bodies placed with different torque values [24,25]. In the
present investigation, the specific optical markers of the PG system
tested were hand torqued in the implant abutment analogs of the
reference cast following the manufacturer’s recommendations. Addi-
tionally, the different material and sterilization methods of implant scan
bodies may affect intraoral scanning accuracy [26,27]. Additional
studies are needed to assess the impact of the tightening torque value,
material, and sterilization methods of optical markers of PG systems on
the accuracy of PG technology.

The present study has additional limitations, including the labora-
tory conditions and the single PG device, the mannequin did not have a
facemask, implant abutment design, and implant manufacturer
analyzed. Additionally, a single clinical condition involving 6 dental
implants in the maxillary arch was considered. Additional laboratory
and clinical studies are recommended to further evaluate the influence
of the scanning distance on the accuracy of PG systems considering
different number and design of implant abutments and PG systems
evaluated.

5. Conclusions

Based on the results of the present in-vitro study, the following con-
clusions were drawn:

- The scanning distances tested influenced the trueness of complete-
arch implant scans obtained by using the PG method tested. The
30 cm scanning distance obtained the best linear trueness, while the
20-cm scanning distance obtained the best angular trueness.

The maximum linear trueness mean discrepancy among the groups
tested was 10 pm and the maximum angular trueness mean
discrepancy among the groups tested was 0.02°. Further studies are
needed to assess the clinical impact of the linear and angular dis-
crepancies measured on the fabrication of implant-supported
prostheses.
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