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an in vivo evaluation in beagle dogs
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Abstract

Background: The accuracy of digital impressions for fully edentulous cases is currently insufficient for routinely clini-
cal application. To overcome the challenge, a modified scan body was introduced, which demonstrated satisfactory
accuracy in vitro. The aim of this study was to evaluate the accuracy of digital impressions using the modified scan
bodies with extensional structure versus scan bodies without extensional structure in mandible with two implants in
beagle dogs.

Methods: The unilateral mandibular second premolar to second molar were extracted in four beagle dogs. Twelve
weeks later, two implants were placed. Five repeated digital impressions were performed with an intraoral scanner on
each dog using each of the two different scan bodies: Group I—scan body without extensional structure (SB); Group
ll—scan body with extensional structure (SBE). The scans were exported to Standard Tessellation Language (STL) files
to serve as test data. The dogs were sacrificed and the dissected mandibles were digitalized with a lab scanner to pro-
vide reference data. Linear and angular deviations were calculated in an inspection software for accuracy assessment.
Statistical analysis was performed with two-way ANOVA. The level of significance was set at a=0.05.

Results: For trueness assessment, the mean of absolute linear/angular deviations were 119.53 um/0.75 degrees
in Group | and 68.89 um/0.36 degrees in Group Il. SBE was more accurate than SB regarding both linear (p =0.008)
and angular (p=0.049) deviations. For precision assessment, the mean of absolute linear/angular deviations were
63.01 um/0.47 degrees in Group | and 38.38 um/0.24 degrees in Group II. No significant difference was found.

Conclusions: The application of SBE significantly improved the trueness of digital impressions in mandible with two
implants compared to SB. No significant difference was found in terms of precision.
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Background

Digital impressions using intraoral scanners have been
more and more popular in dental implant treatment.
Compared to conventional impression technique, digi-
tal impressions eliminate several procedures such as
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which facilitates communication, reduces costs and saves
space [4, 5]. Additionally, digital impressions have been
reported to perform better regarding patients’ accept-
ance [6].

Digital impressions have been recommended for sin-
gle-unit or short-span implant rehabilitations [7, 8]. For
complete-arch implant rehabilitation, however, the wide-
spread application of digital impressions remains contro-
versial because the scanning accuracy and influencing
factors haven’t been well demonstrated [7]. As defined in
previous studies, accuracy consists of trueness and preci-
sion [2, 9, 10]. Trueness is defined as closeness of the test
scans to the reference scans, and precision is defined as
closeness of the repeated scans to each other [2, 9, 10].
Several laboratory-based studies have been conducted
and most of the results indicated that digital impressions
for complete-arch implant rehabilitation exhibited supe-
rior or equal accuracy compared to conventional impres-
sions [10-13]. A study assessing 8 different intraoral
scanners suggested that the errors produced by the scan-
ners in complete-arch digital implant impression ranged
from 31 to 344 pm, among which True Definition and
Trios 3 showed significantly higher accuracy [14]. The
extraoral application of the scanners excluded the effect
of limited space, unstable mucosa, reflective saliva and
blood in the oral cavity, which could negatively influence
the scanning accuracy [15].

The number of clinical trials on the accuracy of digi-
tal implant impressions was quite limited [16—20]. Ran-
domized controlled trials (RCT) reported that digital
impressions were as accurate as conventional impres-
sions and could provide clinically satisfactory outcomes
[16, 18, 20]. An in vivo study by Andriessen et al., how-
ever, concluded that the accuracy of digital impressions
was not acceptable for clinical application [19]. The
major limitation of the clinical trials was that the accu-
racy was usually assessed by fit of the framework or clini-
cal outcomes, which were mostly based on subjective
clinical experience, instead of numeric values due to the
lack of reference data representing the ‘true’ position of
dental implants in the oral cavity [15, 21]. Considering
the aforementioned drawbacks of in vitro study and clini-
cal trial, an animal experiment may be a preferable alter-
native. It can mimic a clinical situation and, at the same
time, provide reference data. However, there has been a
lack of animal experiment on digital implant impressions.

As stated in multiple studies, major challenge for scan-
ning fully edentulous arch lies in smooth mucosa surface
without stable morphological characteristics, leading
to accumulated stitching errors [15, 22]. Besides, the
uniform scan bodies make it difficult for the scanning
devices to distinguish one from another. A recent sys-
tematic review suggested that using splinted scan body
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could be helpful to overcome the difficulties [15]. A few
innovative techniques have been introduced and tested
[22-24]. In an in vitro study, modified scan bodies were
produced and investigated [25]. The scan body was
designed with a rigid bar extended from the cylindrical
segment, which could provide stable reference points for
stitching process at the inter-implant regions. The study
has demonstrated that the scan bodies with extensional
structure could improve scanning accuracy compared to
scan bodies without extensional structure in vitro [25].
The scanning accuracy of the scan bodies in vivo needs to
be further investigated.

In this study, long-span edentulous ridge was created in
the mandible of beagle dogs to mimic the clinical situa-
tion of fully edentulous arch. The purpose of this study
was to evaluate the accuracy of digital impressions in
mandible with two implants using newly designed scan
bodies with extensional structure versus scan bodies
without extensional structure in beagle dogs. The null
hypothesis was that digital impressions using scan bodies
with or without extensional structure exhibited similar
accuracy.

Methods

Animals

Four male beagle dogs aged 17-20 months and weigh-
ing 12-15 kg (Guangdong national beagles resources
research center, Guangdong, China) were included in
this study. All animals exhibited a fully erupted perma-
nent dentition. The animals were housed in separate
cages at Laboratory Animal Center of the University.
The animals received a soft-food diet twice daily and
had ad libitum access to water during the experimental
period. The experiments started after a 2-week adapta-
tion period. The study protocol was approved by the
Institutional Animal Care and Use Committee (IACUC)
of Sun Yat-Sen University (SYSU-IACUC-2018-000248),
and all the procedures were carried out in accordance
with the IACUC of Sun Yat-Sen University. The study
was reported in accordance with the ARRIVE guidelines.

Surgical procedures

Two surgical stages were involved in this study and were
both carried out under general anesthesia. The anesthesia
was induced by Xylazine Hydrochloride (0.05 ml/kg/i.m.,
Sumianxin, Jilin, China) and maintained with pentobar-
bital sodium (30 mg/kg/i.v., Sigma, Saint Louis, Missouri,
USA). Mepivacaine Hydrochloride (Mepivacaine 36 mg,
Adrenaline 0.018 mg, Septodont, France) was applied
for local anesthesia. Penicillin G (300,000 i.u., Pen-B®,
Pfizer Inc., Lee’s Summit, USA) was administrated dur-
ing and after each surgical stage every 48 h for 10 days.
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During surgical stage 1, the unilateral mandibular
second, third and fourth premolar (P2, P3, P4), and the
first and second molar (M1, M2) were carefully sec-
tioned and extracted. Surgical stage 2 was conducted
12 weeks after tooth extraction. Following flap elevation
and osteotomies, two bone level implants (Astra Tech
Implant System, Dentsply Sirona, Pennsylvania, USA)
with a diameter of 3.5 mm and a length of 8 mm were
placed in parallel at the edentulous region via freehand
surgery. The inter-implant distance was approximately
18 mm. Cover screws were connected. The flaps were
closed using resorbable sutures, and submerged healing
was allowed for 12 weeks.

(a) (b)

Fig. 1 CAD files of the scan bodies. a Scan body without extensional

structure. b Scan body with extensional structure
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Intraoral scanning

Twelve weeks after implants placement, intraoral scan-
ning was performed under general and local anesthesia
as described above. Mucoperiosteal flaps were elevated
to expose the platform of the implants. Healing abut-
ments were connected to the implants, and the flaps were
sutured subsequently. Two different scan bodies were
used in this study (Fig. 1). The scan bodies were fabri-
cated with grade 5 titanium alloy (Gialloy Ti-5, SRL Den-
tal GmbH, Ludwigshafen, Germany) sandblasted with
100 pm alumina powder at 0.5 MPa, and were subjected
to autoclave sterilization.

Group I (control): scan body without extensional struc-
ture (SB). The scan body was 5 mm in diameter and
14 mm in height.

Group II (test): scan body with extensional structure
(SBE). The scan body was a one-piece unit. The cylindri-
cal segment of SBE was the same as SB, and the exten-
sional structure was 11 mm in length.

The scan bodies were connected to the implants and
tightened to approximately 10 Ncm using a manual
torque wrench (Fig. 2). In SBE group, the scan bodies
were positioned on the implants and rotated, making the
extensional bars in contact with each other, before tight-
ened up. All the scanning was performed by an expe-
rienced operator. For each group, five repeated scans
were made using an intraoral scanner (TRIOS3, 3Shape,
Copenhagen, Denmark). The scanning was started from
the lingo-occlusal surface with the scanner tip mov-
ing from distal scan body to mesial scan body. The buc-
cal surface was captured subsequently. No tooth was

-

Fig. 2 Intraoral scanning was performed with two different scan bodies connected to the implant. a, b Group | using SB. ¢, d Group Il using SBE
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captured during the scanning procedure so as to mimic a
fully edentulous arch. Totally 10 scans for each dog were
produced and exported to open-format Standard Tessel-
lation Language (STL) files to serve as test scans (Fig. 3a,

b).

Reference datasets

The animals were sacrificed with overdose pentobarbital
sodium (120 mg/kg/i.v.). The mandibles were dissected.
The scan bodies without extensional structure were con-
nected to the implants and were scanned using a labora-
tory scanner (D2000, 3Shape, Copenhagen, Denmark)
with a reported precision of 5 um. The 3D images were
exported to open-format STL files to serve as reference
scans (Fig. 3¢).

Data analysis

Deviation of inter-implant distance (linear deviation)
and inter-implant angle (angular deviation) was used
for accuracy assessment. Central point at the level of
implant platform and longitudinal central axis were

(b)

Fig. 3 The test scans obtained with an intraoral scanner and the
reference scans obtained with a lab scanner. a Test scan in Group |. b
Test scan in Group Il. ¢ Reference scan

Page 4 of 9

created on the CAD file of SB (Fig. 4a). The CAD file,
together with the STL files of the test scans and refer-
ence scans, were imported to inspection software (Geo-
magic Control 2015, 3D systems, Rock Hill, SC, USA).
The CAD file of SB was then aligned to the digitalized
scan bodies in the test/reference scans using best-fit
algorithm in both SB and SBE groups (Fig. 4b). Inter-
implant distance (ID) was measured by the distance
between the two central points, and inter-implant angle
(IA) was measured by the angle between the two cen-
tral axes (Fig. 4c, d).

Deviations of ID and IA between the test scans and
the corresponding reference scan were calculated and
recorded as AID and AIA, respectively. The absolute val-
ues of AID and AIA were used for trueness evaluation.

The mean of AID and AIA for each dog within each
group were calculated. Comparisons between AID/AIA
and the corresponding mean values were performed,
the absolute values of which were used for precision
evaluation.

Statistics

Statistical analysis was performed using R version 3.6.2.
Difference between groups in trueness and precision was
evaluated using two-way ANOVA. The between-subject
factor was the scan body. The within-subject factor was
the dog. The level of significance was set at a«a=0.05.

Results

No implant was loosened in all the four dogs. No compli-
cation, such as peri-implantitis, was observed through-
out the study. So, a total of four mandibles were used for
assessment.

Linear and angular deviations of all the scans were
shown in Fig. 5. Positive values indicated that the test
scans exhibited larger inter-implant distance/angle com-
pared to the reference scans.

In terms of trueness, the mean (SD) of absolute linear
deviations were 119.53 (83.27) um in Group I and 68.89
(31.34) um in Group II. The mean (SD) of absolute angu-
lar deviations were 0.75 (0.79) degrees in Group I and
0.36 (0.29) degrees in Group II. SBE was more accurate
than SB regarding both linear (p=0.008) and angular
(p=0.049) deviations (Fig. 6a).

In terms of precision, the mean (SD) of absolute linear
deviations were 63.01 (58.06) um in Group I and 38.38
(35.80) um in Group II. The mean (SD) of absolute angu-
lar deviations were 0.47 (0.48) degrees in Group I and
0.24 (0.16) degrees in Group II. No significant differ-
ence was found for both linear (p=1.000) and angular
(p=1.000) deviations (Fig. 6b).
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Discussion

This study evaluated the accuracy of digital impressions
on edentulous mandible with two implants using newly
designed scan bodies with extensional structure versus
scan bodies without extensional structure in beagle dogs.
The null hypothesis was partially rejected. SBE exhib-
ited better accuracy than SB in terms of trueness. To
the authors’ knowledge, this is the first study that evalu-
ated the accuracy of digital impressions by an animal
experiment.

To our knowledge, there was only one in vivo study
assessing the accuracy of digital impressions on eden-
tulous mandibles with two implants [19]. The definite
stone casts from conventional impressions were taken
as references, and 100 um and 0.4 degrees were defined
as thresholds for clinical acceptable linear and angular
deviations. The results presented a mean linear devia-
tion of 226.0 um and a mean angular deviation of 2.582
degrees, and only one out of the 25 scans exhibited
acceptable deviations [19]. The mean linear and angular
deviations in our study were much lower, which was par-
tially owe to the development of the intraoral scanners.
Considering the aforementioned threshold, only 11 out
of 20 scans were clinically acceptable using SB in terms
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of linear deviations, while 18 out of 20 scans met the cri-
teria using SBE. It is worth noting that linear deviations
of the remaining two scans in SBE group were closed to
100 pm, while two scans in SB group exhibited high devi-
ations of more than 300 pm. In terms of angular devia-
tions, 11 and 13 scans were clinically acceptable using
SB and SBE, respectively. To the authors’ knowledge, no
consensus has been reached regarding acceptable levels
of misfit. Jemt et al. stated that a discrepancy of 150 um
was clinical acceptable [26]. In this case, all the 20 scans
in SBE group exhibited satisfactory accuracy. Addition-
ally, it was interesting to find that most of the linear
deviations were negative values, which implied that the
virtual models obtained by intraoral scanning showed
smaller inter-implant distances in comparison with the
actual situation. The finding was in consistence with an
in vitro study involving six or eight implants, which also
found that the virtual models were ‘shrunk’ [27]. Further
studies are needed to clarify the mechanism.

Multiple in vitro studies have been conducted to
assessed the accuracy of digital impressions for fully
edentulous arch, and a diversity of results has been
reported [10-12, 14, 22, 28-32]. In an in vitro study,
eight intraoral scanners were evaluated and showed
mean deviations ranged from 31 to 344 pm, among
which TRIOS exhibited a mean deviation of 32 um [14].
Kim and coworkers, however, reported that the median
of linear deviations of digital impressions using TRIOS
was 177.4 pum, which was significantly higher than con-
ventional impressions (72.2 pm) [28]. The high degree of
heterogeneity of the results could be explained by differ-
ences in study design and methodology used for accuracy
assessment. The present study was an in vivo study while
the results were within the previously reported ranges.
It could be speculated that the accuracy in this study
might be compromised compared to an in vitro protocol
because the complicated intraoral condition, might exert
a negative impact on scanning accuracy [2]. What’s more,
the intraoral scanning was performed immediately after
suturing to mimic the clinical situation of impression tak-
ing immediately after implants placement or 2nd stage
surgery. Higher accuracy could be anticipated with more
stable mucosa and minor bleeding if the scanning was
performed after wound healing.

Limited number of clinical trials have assessed the
accuracy of intraoral digital impressions for complete-
arch implant rehabilitations [16—19]. In an RCT, digital or
conventional impressions were made for immediate “all-
on-four” restorations. Radiographs were taken to verify
marginal fit of the frameworks, and 12-month follow-up
examinations were performed to evaluate peri-implant
bone loss. The authors concluded that digital impres-
sions could offer clinically satisfactory accuracy [16].
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Similar conclusion was drawn by a more recent study
with 24-month follow-up [18]. In a prospective study,
digitalized conventional stone casts were served as refer-
ence data, and intraoral scanning demonstrated a mean
deviation of 162 um [20]. One of the major obstacles was
that no suitable protocol was available to obtained refer-
ence data representing the ‘true’ implant positions from
the patients’ oral cavity [15]. Radiographic and clinical
examinations could not directly and sensitively represent
the accuracy of impressions. The present study intro-
duced an innovative study protocol that closely simulated
the clinical situation, and meanwhile obtained the refer-
ence data by scanning the dogs’ mandibles using a lab
scanner. The results could offer a reliable reference for
the clinical application of digital impressions.

Generally, virtual models from intraoral scanning are
created by overlapping of the images captured by an
intraoral scanner. The process would inevitably intro-
duce stitching errors. As reported in several literatures,
the errors are more notable for fully edentulous arch due
to the lack of stable feature points at the inter-implant
regions [2, 15, 19, 22]. The same problems also presented
in this study, especially when using SB. The smooth and
reflective surface of the mucosa failed to provide enough
reference points, which were critical to the images stitch-
ing process. What’s more, due to the limited amount of
keratinized mucosa, the peri-implant mucosa was quite
unstable. The mean linear and angular deviations of
digital impressions using SB were 155.15 um and 1.35
degrees in Dog 4. A possible explanation for the high
deviations was that the lingual soft tissue of Dog 4 was
severely swelling during the scanning, which was difficult
to be stabilized. Additionally, it happened several times
when scanning SB that the intraoral scanners could not
distinguish one from another. As a result, one scan body
or three scan bodies presented in the images instead of
two separated scan bodies.

To overcome the difficulties, some techniques have
been introduced recently. In an in vitro study, three mod-
ified scanning techniques, including application of glass
beads or pressure-indicating paste on the mucosa surface
and scan bodies splinted with dental floss, were investi-
gated but showed no superiority on scanning accuracy
compared to the control group with no modification [22].
Iturrate and coworkers introduced an auxiliary geometry
piece to provide more characteristic reference point at
the inter-implant regions concluded that the technique
significantly improved the scanning accuracy [23]. In a
clinical trial, digital impressions were made with the scan
bodies splinted using wire and composite resin, and the
definite restorations fabricated from digital impressions
exhibited satisfactory clinical and radiological outcomes
[18]. In this study, effort has been made to improve the
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scanning accuracy by introducing the scan bodies with
extensional structure. The extensional structures were
located at the inter-implant regions to make the scan
bodies ‘splinted’ together. Reference points between two
scan bodies were provided by the rigid structures instead
of unstable mucosa, which could facilitate the stitching
process and reduce stitching errors. Also, the extensional
structure reduced the chances that the scanner confused
the different scan bodies. Compared to the modified
technique mentioned above, the application of SBE might
be superior in terms of patients’ preference because no
additional operation is needed in the patients’ oral cavity.
The results indicated that the application of SBE signifi-
cantly improved the trueness. Interestingly, the applica-
tion of SBE markedly reduced both linear and angular
deviations in Dog 4, suggesting that cases with unstable
soft tissue might benefit more from SBE.

The accuracy of digital impressions was influenced
by the fit between the scan body and the implant [33,
34]. Kim et al. reported that settling of the abutments
increased with increasing tightening torques, and inter-
nal connected abutments developed much higher set-
tling than external connected abutment [35]. Chia et al.
found a mean horizontal discrepancy of 4-7 pum and
vertical discrepancy of 11 um with applied torque of
15 Ncm. Additionally, the study found that none of the
scan bodies achieved perfect coaxiality with the implants
[36]. The connection type of the scan bodies in this study
was internal conical connection. There was no definite
platform to serve as a vertical stop for correct position-
ing, which might introduce discrepancy. Therefore, the
deviations between the test scans and the reference scans
could partially come from positioning of the scan bodies,
because the scan bodies were removed after the intraoral
scanning and reconnected before obtaining the reference
scans. However, the scan bodies in this study were made
with titanium alloy, which might develop lower compres-
sive deformation compared to polyether-ether-ketone
(PEEK) scan bodies used in the aforementioned study.
Also, a tightening torque of 10 Ncm was consistently
applied to minimize the discrepancy. Thus, the deviations
from the positioning were considered to be ignorable in
this study.

The scanning was performed on unilateral mandibles
instead of fully edentulous mandibles. However, the scan-
ning procedure involved no tooth, but only the edentu-
lous space. Considering the efforts to simulate a clinical
situation of fully edentulous arch, one of the limitations
is that the curve of dental arch was not present in this
study. Additionally, the mandibles were fixed and the
tongues were motionless because the dogs were under
general anesthesia, which might facilitate the scanning
procedure.
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The clinical implication of the present study was that
the innovative design of the extension structure on the
scan body could be a solution to overcome the difficulty
in digital impressions on fully edentulous arch. The
results could serve as reliable reference particularly for
the clinical situation of mandibular overdenture resto-
rations with 2 implants. Further studies involving more
implants and clinical trials are in need to support its
clinical application.

Conclusion

The application of SBE significantly improved the
trueness of digital impressions in mandible with two
implants compared to SB. No significant difference was
found in terms of precision.
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