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Effect of soft tissue thickness on accuracy k-4
of conventional and digital implant
impression techniques
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Abstract

Background Placing implants deep sub-gingivally may affect the accuracy of implant impression techniques and
the fit of final restoration.

Purpose The aim of this in-vitro study was to evaluate the effect of soft tissue thickness on accuracy of conventional
and digital implant impression techniques.

Methods Four parallel implant analogues (A, B, C, D) placed in each of two epoxy resin models representing
edentulous mandible covered by flexible polyurethane material with two different thickness two mm and four mm.
A total of sixty impressions performed, thirty impressions for each model divided into four groups (n=15 per group)
Gl (C2mm) open tray impression with two mm implant depth, GlI (C4mm) open tray impression with four mm
implant depth, GlIl (D2mm) digital impression with two mm implant depth, GIV (D 4 mm) digital impression with four
mm implant depth. Impressions from open tray technique were poured to get stone casts while impressions from
digital scanning technique were printed as three-dimensional printed casts. The six inter-implant distances between
analogues were measured using Co-ordinate measuring machine, deviations compared to reference models were
calculated. Data was collected, tabulated and statistically analyzed using One-way ANOVA test to detect significances
between groups.

Results For conventional impressions there was significant difference between C2mm/C4mm (P < 0.001) regarding
interimplant distance, while in digital impressions there was no significant difference between D2mm/D4mm
AB(p=0.110), BC(p=0.066), CD(p=0.710), AD(p=0.084), AC(p=0.067) and BD(p=0.072). There was significant
difference between conventional and digital impression techniques C2mm/D2mm, C4mm/D4mm (P < 0.001).
Conclusion Within the limitations of this in-vitro study digital impressions provide more accurate outcomes with
implants placed deeper subgingivally than conventional impressions.
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Background

For long-term implant-supported prostheses success, one
of the most crucial factors is passive fit [1]. Absolute pas-
sive fit of superstructure and implant is scarcely possible
as errors seems to be unavoidable because of numer-
ous steps in processing and manufacturing in implant
restoration [2, 3]. Non passive fit may lead to many
complications mechanical and biological [4, 5]. When
considering passive fit, accuracy of the impression proce-
dures becomes a serious problem [6-8].

There are two main implant impression techniques
that are used to transfer the intra-oral spatial relation
of the implants to the working cast. The first is the con-
ventional impression technique, which has two types:
closed tray technique and open tray technique (splinted
or unsplinted). The second is the digital impression tech-
nique, which has two types: direct intraoral scan and
indirect extraoral scan [9].

In conventional impressions techniques, splinting or
unsplinting, type of impression tray impression mate-
rials, soft tissue thickness and depth of the implant,
implant or abutment level impression, impression cop-
ings modifications, implant angulations and numbers,
connection of implants, machining tolerance and the
interval between making the impression and pouring are
factors that affect implant impressions techniques accu-
racy [10-12].

While in digital impressions inter implant distances,
scan body type, implant angulation, depth of the implant,
connection of implant, experience of operator, types of
oral scanners, the congruence between mesh of scanbod-
ies (SBs) and implant library files (LF), scanning strate-
gies and types of digital coping are factors that affect
accuracy implant impressions [13—15].

However, in some clinical situations, the availability
of bone, aesthetic concerns, and/or the thickness of the
soft tissue necessitate placing the implant more subgin-
givally. Consequently, a greater portion of the scanbody
or impression coping is positioned beneath the gingival
margin. Consequently, the supra-gingivally exposed area
of the coping or scan body reduces [7]. The accuracy of
the impression is impacted by this decrease in the scan
body and impression coping surface. Few research,
according to the authors, have examined the impact of
subgingival implant placement on the dimensional accu-
racy of impressions and the castings that are produced [7,
11, 16].

Because of the above-mentioned shortcomings this
in-vitro study aimed to evaluate the effect of soft tissue
thickness (subgingival depth of implant) on accuracy of
conventional versus digital impression technique for
implant restorations.

Two null hypotheses were tested the first one was
tested is there were no significant differences in accuracy
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Fig. 1 Six distances between four implant analogues

Table 1 Description of the studying groups

Impression technique thickness Groups Num-
of flexible ber of
polyurethane sam-
layer ples

Conventional Impression 2 mm Group I (C2mm) 15

Conventional Impression 4mm Group Il 15

(C4mm)

Digital 2mm Group Il 15

Impression (D2mm)

Digital 4 mm Group IV 15

Impression (D4mm)

of implant level impressions of different tissue thick-
ness and subgingval depths of implant placement. And
the second was no significant difference between con-
ventional impressions technique and digital impressions
technique.

Methods

As definitive models (reference models), two fully eden-
tulous mandibular epoxy resin models (Ramses Medical
Products Factory, Alex, Egypt) were covered in two dis-
tinct flexible polyurethane material thicknesses. There
were four implant analogues for Model (1) with a flexible
polyurethane layer thickness of 2 mm and Model (2) with
a layer thickness of 4 mm (Nucleoss, Menderes/Izmir,
Turkey). Two implant analogues were positioned perpen-
dicular to the base of the model, parallel to each other,
at the anterior canine regions and posterior first molar
regions, respectively.

As shown in Fig. 1, the four implants on each model
were assigned a letter. The two models were prepared
for the impression procedures and had labels applied. In
order to create two stone casts and thirty identical cus-
tom trays for each cast, the two reference models were
duplicated and custom trays were then fabricated. For
the two reference models (n=15 per group), two dis-
tinct impression procedure techniques were applied with
four distinct groups as follows: A-Conventional impres-
sion method (direct unsplinted). B. The digital impres-
sion method (Table 1). The impressions for groups C2
and C4 were made using conventional methods. Four
open tray impression copings from (Nucleoss, Mend-
eres, Izmir, Turkey), which were appropriate for implant
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analogues, were first roughened on the outside with
50 pm aluminum oxide powder, subsequently, utilizing a
specialized torque wrench calibrated at 10 Ncm, the cop-
ings were tightened to the implant equivalents. Brushed,
after which a thin layer of adhesive was applied to the
imprint copings and fitting surface of the custom tray.
The adhesive was then allowed to dry for 15 min before
the impression was made. Figure 2 The additional sili-
cone impression material (Elite® Stone, Zhermack GmbH
Deutschland.) was auto-mixed, injected to cover the
impression copings, inserted into the tray and seating of
the tray in its position with finger pressure then applying
1.5 kg metal block to standardize pressure during setting
of the material.

Excess was taken out of the impression coping screws
after setting. After unscrewing and extracting the screws,
the tray was taken out of the model. After connecting
the implant analog to the hex on the bottom and tight-
ening the screw pins, the screws were reinserted into
the impression copings from the top. The impression
was examined for accuracy, and if necessary, a new one
was created. Digital impressions for groups (D2mm) and
(D4mm) were taken, in accordance with the manufactur-
er’s instructions, PEEK impression scanbodies (Nucleoss,
Menderes/Izmir, Turkey) that matched the analogues of
T6 implants were screwed and tightened. To obtain accu-
rate data, spray the scanbodies with scan powder (Den-
tify GmbH, Scheffelstr. 22, 78234 Engen, Germany) in
accordance with the manufacturer’s instructions before
scanning Fig. 3.
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The model with the attached scanbodies was placed
directly on the table of the laboratory extra oral scanner
(DOF FREEDOM HD, Seoul 0479 Korea) and scanned to
generate virtual reference images. Figure 4 There were no
voids in the model’s scanned lingual, buccal, and occlusal
surfaces and accurate imprint of implant areas indicated
for accepted scanning. If the scanning did not meet these
criteria was rescanned.

Two types of cast production according to technique
of impression were the result, each impression taken by
conventional technique were poured to obtain the cor-
responding model and healing abutments (Nucleoss,
Menderes/ Izmir, Turkey were tightened to the implant
analogues for each cast before measuring procedures on
Co-ordinating measuring machine (CMM) (LK Metrol-
ogy LTD, DE74 Derby, UK).

While impressions taken by digital technique were
printed to get three dimensional (3D) printed casts.
Healing abutments were tightened to the implant digital
analogues (Nucleoss, Menderes/ Izmir, Turkey for each
printed cast. and all casts were labelled before measuring
on CMM.

Measurement procedure

A co-ordinating measuring machine (CMM)

All reference models, stone casts from conventional
technique and printed casts from digital techniques with
their healing abutments were measured by (CMM). Fig-
ure 5. It was used to record three dimensional coordi-
nates (X, Y and Z) of the implant platform centered on

Fig. 2 (A) Sandblasted impression coping. Figure 1.(B) Short part of impression coping inserted in flexible polyurethane material. Figure 1.(C) Increased

part of impression coping inserted in 4 mm flexible polyurethane material



Awad et al. BMC Oral Health (2024) 24:1318 Page 4 of 10

Fig. 3 Scanbody connected to implant analogues of reference models
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Fig. 4 Virtual reference images from scanning of reference models

Fig.5 Reference models, stone cast and printed cast measurement on CMM
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the reference model and their analogues on the casts that
resulted. The healing abutments center consider as cen-
ter point of implant position, it was located by touching
eight points around the outer diameter of the abutments
using a CMM probe. After locating the center of the
outer diameter, the flat surface was identified as XY.The
vertical distances between four healing abutments in the
Z-axis were determined by measuring four locations on
the upper surface of each healing abutment. These points
formed a plane.

1. The following formula was used to compute the dis-
tances (in micrometers) between the implant centers and
the reference point.

2. The distance from the reference point (r) =V
X2+Y2+Z2.

3. By comparing the distance between the analogues
in the duplicated cast with the distance in the reference
model, the absolute error (Ar) was determined.

4. All measurements of stone and printed casts were
collected in a table to be compare with the reference
models measurements.

Table 2 Mean & Standard deviation, p value and mean
difference of 6 distances (AB, BC, CD, AD, AC, BD) of groups |
(C2mm), I1 (C4mm), I (D2mm), IV (D4mm)

Distance Groups Mean +SD. p Mean Diff.
ab Group | 203739+2.99 <0001 2893
Group Il 20253.5+1.06 <0.001" 4947
Group Il 203441 +2.12 0.110 -093
Group IV 202043 +2.29 0.582 033
bc Group | 20757.9+3.01 <0.001" -8.07
Group Il 215445+1.36 <0.001" 3947
Group Il 20764.5+2.97 0.066" -1.53
Group IV 21504.5+1.06 0.110 -047
cd Group | 217555+245 <0.001" 19.53
Group I 20668.0+1.46 <0.001" 30.0
Group Il 21736.2+2.04 0.710 0.20
Group IV 20639.7+£2.28 0011 1.73
ad Group | 4347414271 <0.001" 2107
Group Il 43436.5+1.88 <0001 60.53
Group Il 43454.1£2.36 0.084 1.133
Group IV 433769+237 0.150 093
ac Group | 360543+2.74 <0.001" 2527
Group I 36563.3+0.72 <0.001" 30.33
Group Il 36030.5+2.17 0.020" 147
Group IV 365333+1.18 0.290 0.33
bd Group | 36934.7 +2.66 <0.001" 2273
Group Il 369759+1.19 <0001 30.87
Group Il 36913.9+2.34 0.006" 1.93
Group IV 36946.0+ 1.60 0030 1.0

Data was expressed using Mean+SD. SD: Standard deviation
p: p value for One Sample t-test comparing between Reference and each group

*: Statistically significant at p<0.05
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Statistical analysis

IBM SPSS software package version 20.0 was used to
gather, tabulate, and statistically evaluate data from mea-
suring procedures. (IBM Corp, Armonk, NY).To confirm
the distribution’s normality, the Shapiro-Wilk test was
performed. The terms range, mean, standard deviation,
median, and interquartile range were used to character-
ize quantitative data. The tests that were employed were
the Post Hoc test (Tukey) for pairwise comparisons and
the One-way ANOVA test for normally distributed quan-
titative variables when comparing more than two groups.

Result

Table 2 shown the mean values, standard deviations in
micrometers for each distance, p-value, and mean dif-
ference for the six distances (AB, BC, CD, AD, AC, and
BD) for each of the four study groups. There was a sig-
nificant difference (p value<0.001) in the comparison
between group I (C2mm) and its reference model (1) and
group II (C4mm) and its reference model (2) in six dis-
tances between implant analogues. While there was no
significant difference between group IV (D4mm) and its
reference model (2) and group III (D2mm) and its refer-
ence model (1) in the six distances between implant ana-
logues, the p value was greater than 0.001.

Comparing between study groups

Table 3 shown a comparison of the standard deviations
(£SD), p value, and mean difference of distances in
micrometers for the four groups: I (C2mm), II (C4mm),
III (D2mm), and IV (D4mm) after subtracting from refer-
ence models (1, 2).

Effect of soft tissue thickness on accuracy of impression for
implant restorations

A. Using the conventional impression technique,
Table 3 illustrates that there was a significant
difference between groups I and II (C2mm and
C4mm) of six distances between implant analogues,
with a p value of p1 <0.001. In group I (C2mm),
the mean difference between six distances after
subtracting from their reference model (I) was AB
(28.93+2.99), BC (-8.07+3.01), CD (19.53 £ 2.45),
AD (21.07+2.71), AC (25.27 +2.74), BD
(22.73 £2.66). This is less than the mean difference
of six distances in group II (C4mm) after subtracting
from their reference model (2), AB (49.47 +1.06), BC
(39.47 £1.36), CD (30.0+ 1.46), AD (60.53 £1.88), AC
(30.33+0.72), BD (30.87 +1.19). This indicates that
increasing soft tissue thickness reduces the accuracy
of conventional implant impression.

B. In digital impression technique: comparison between
groups IIL, IV (D2mm, D4mm):
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Table 3 Comparison between mean difference of distances in micrometer after subtraction from reference models (1, 2), standard
deviations (+SD) and p value of the four groups | (C2mm), Il (C4mm), Il (D2mm), IV (D4mm)

Group | Group Il Group 1l Group IV F p
(n=15) (n=15) (n=15) (n=15)
AB
Min. - Max. 25.0-340 470-510 -40-30 40-40 179148 <0.001"
Mean = SD. 2893+2.99 49474106 0934212 0.33+2.29
Sig. bet. grps. P, <0.001", p,<0.001", p;<0.001", p,<0.001", ps<0.001", p,=0410
BC
Min. — Max. -13.0--40 37.0-42.0 -6.0-3.0 -20-10 1350.64 <0001"
Mean = SD. -8.07+3.01 3947+136 -153+297 -047+1.06
Sig. bet. grps. p; <0001, p,<0.001", p;<0.001", p,<0.001", ps<0.001", ps=0.580
D
Min. - Max. 15.0-240 280-33.0 -40-30 -20-50 716.753" <0.001"
Mean = SD. 19534245 3004146 0204204 1074234
Sig. bet. grps. P, <0.001", p,<0.001", p;<0.001", p,<0.001", ps<0.001", p,=0.676
AD
Min. — Max. 17.0-26.0 56.0-63.0 -3.0-50 -4.0-4.0 2136403 <0001"
Mean = SD. 21074271 60.53+1.88 1134236 0.93+237
Sig. bet. grps. p; <0001, p,<0.001", p;<0.001", p,<0.001", p;<0.001", ps=0.995
AC
Min. - Max. 21.0-300 29.0-310 -20-50 -1.0-30 1001.555 <0.001"
Mean +SD. 25274274 3033+0.72 1204234 033+1.18
Sig. bet. grps. P, <0.001", p,<0.001", p;<0.001", p,<0.001", ps<0.001", p,=0.610
BD
Min. — Max. 18.0-27.0 29.0-330 -2.0-50 -3.0-40 762459 <0001"
Mean = SD. 22734266 3087+1.19 1274252 080+1.86
Sig. bet. grps. p; <0001, p,<0.001", p;<0.001", p,<0.001", p;<0.001", p;=0.932

F: F for One-way ANOVA test, pairwise comparison bet. each 2 groups were done using Post Hoc Test (Tukey); p: p value for comparing between the studied groups;
p;: p value for comparing between Group | and Group II; p,: p value for comparing between Group | and Group lIl; p;: p value for comparing between Group | and
Group IV; p,: p value for comparing between Group Il and Group IIl; ps: p value for comparing between Group Il and Group IV; pg: p value for comparing between
Group llland Group IV; *: Statistically significant at p<0.05; Group I: C2mm; Group Il: C4mm; Group lll: D2mm. Group IV: D4mm

In comparison between group III (D2mm) and group
IV (D4mm) of six distances between implant analogues
there was no significant difference between them,
p value was more than 0.001 where AB (py=0.410),
BC (ps=0.580), CD (ps=0.676), AD (ps=0.676), AC
(pg=0.610) and BD (py=0.932). which means that the
thickness of soft tissue has no effect on accuracy of digi-
tal impression for implant restoration.

Conventional impression versus digital impression
Comparison between groups I, lll (C2mm, D2mm)

p value was p1<0.001, as indicated in Table (2), indi-
cating a significant difference between group I (C2mm)
and group III (D2mm) of six distances between implant
analogs. This suggests that the impression technique
affects accuracy. Ingroup I (C2mm), the mean difference
between six distances after subtracting from their refer-
ence model (1) was AB (28.93 £ 2.99), BC (-8.07 £ 3.01),
CD (19.53 £ 2.45), AD (21.07 £ 2.71), AC (25.27 £ 2.74),
BD (22.73 % 2.66). This was greater than the mean differ-
ence of group III (D2mm), which was AB (-0.93 £ 2.12),
BC (-1.53 £ 2.97), CD (0.20 + 2.04), AD (1.13 + 2.36), AC
(1.20 £ 2.34), BD (1.27 £ 2.52).

Comparison between groups II, IV (C4mm, D4mm)

There was a significant difference between group II
(C4mm) and group IV (D4mm) of six distances between
implant analogues; the p-value was p1<0.001, indicating
that the accuracy of the impression is influenced by the
impression technique. Group II (C4mm) had mean dif-
ferences after subtracting from their reference model (2)
of AB(49.47+1.06), BC (39.47+1.36), CD (30.0+£1.46),
AD(60.53+1.88), AC(30.33+0.72), and BD(30.87+1.19).
These were greater than mean differences of group IV
(D4mm) after subtracting from their reference model
(2) of AB(0.33£2.29), BC (-0.47%1.06), CD (1.07+2.34),
AD(0.93+2.37), AC(0.33+1.18), BD(0.80%£1.86). This
shows that digital impression techniques are more accu-
rate than conventional techniques.

Discussion
An impression that accurately record the three-dimen-
sional implant placements is necessary in order to pro-
duce a prosthesis that fits passively [1].

Because epoxy resin models are more stable than plas-
ter models and have an elastic modulus that is acceptable
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for a material that is analogous to bone [9-11], they were
utilized as reference models in this work.

In order to replicate the soft tissues and residual ridge
mucosa in epoxy resin models, flexible polyurethane
material with a hardness of 65 N/mm?2 was applied. This
allowed for equivalent results when the implant depth
factor was assessed, as it was done by Taduri et al., [11]

Internal connection system were placed because of
their benefits, which include easier abutment connection,
increased stability, anti-rotation, greater resistance to lat-
eral loads, and improved force distribution [14].

The original implants and their laboratory analogues
had a significantly different scanbody fit, according to
Stimmelmayr et al. [15], whose findings were taken into
account in our study.

In each model, which has a varied mucosal thick-
ness (2 mm, 4 mm), the four implant analogues were
positioned parallel to each other to mimic typical clini-
cal scenarios where implants may need to be implanted
in canine and lower molar areas. This was in line with
certain research [16], which suggested that less impres-
sion coping above the gingival margin and more below
it could reduce the stability of impression coping in the
impression material and affect impression accuracy for
conventional impression [13].

In addition to the depth in digital impressions that was
previously mentioned, Giménez-Gonzilez et al. placed
the implant equigingivally (2 and 4 mm subgingivally)
and stated that the depth of the implant should be taken
into consideration when choosing the ISB design because
the amount of visible scanbody influences the accuracy of
digital impressions [17].

Impressions were taken at the implant level in this in-
vitro study because it makes it easier to choose and adjust
abutments and prostheses. This is in agreement with
Choi et al., [18], Daoudi et al., [19] and Lee et al., [20].

Many authors examined and compared the accuracy of
direct and indirect methods; a few of them came to the
conclusion that the direct method was more accurate.
In this study, the direct unsplinted impression technique
was used [22-24]. A previous study found that the direct
technique was more accurate when there were more than
three implants, but there was no discernible difference
between the direct and indirect techniques when there
were three or fewer implants. A few others discovered
that the non-splinting method was more precise than the
splinting methods [26-29]. These disparate outcomes
could be attributed to variations in the materials, opera-
tors, and methodology.

In the current study, adhesive material was used in
accordance with the suggestions made by Vigolo et al.
(2000), (2003), and (2004) that it was important to pre-
vent coping movement, particularly when screwing or
unscrewing the coping screw and to provide intimate
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contact between coping and impression material [31-33].
Polyvinylsiloxane (PVS) was chosen as the impression
material for this study because it exhibits accuracy and
enough rigidity when holding the imprint coping to avoid
undesired displacement [33]. They have the least amount
of distortion of any impression material, good elastic
recovery from undercuts, and sufficient tear strength.
(34-37). Dental stone certified by the ADA as type IV
was used to pour all impressions.

According to Arcuri et al. [40], In this study’s digi-
tal scanning, PEEK ISB (cylindrical design with beveled
upper section) was used because The most accurate
material was PEEK; titanium and hybrid PEEK with tita-
nium came next. Since the fit of these scanbodies on
implants determines accuracy, an extra oral laboratory
scanner was used in this study. Laboratory scanning on
the stone cast would result in fewer inaccuracies because
Stimmelmayer et al. reported an average disparity in the
fit of scanbodies of 39 pm on the original implants and
only 11 pm on implant analogues [15, 41].

For this in-vitro study, laboratory scanners were
required since scanning multiple implants in an edentu-
lous jaw could create specific difficulties. The intraoral
scanner may find it difficult to distinguish between the
several similar scan bodies being used and, consequently,
to locate the correct location in the jaw [42]. which is cor-
roborated by several investigations [40, 43—45]. Su and
Ting-Shu also noted that the IOS precision was signifi-
cantly lower and divergence increased with the number
of scanned teeth when laboratory data were compared
[46]. Because all scanbodies are identical and there are
no anatomical landmarks, completing an edentulous jaw
scan could be challenging. Multiple difficulties are found
when two implants are scanned, according to numerous
research [47].

Extra oral scanner with all-in-one process (stable scan
stage method) were used in this study in which camera
moved around the model which is stable during scanning
unlike conventional scanner in which we need to mount
model with fixture or clays they are not tedious but also
time consuming.

This in-vitro study uses a one-step strategy or tech-
nique to scan the model and ISBs all at once in order to
increase accuracy which was similar to what reported in
study of Motel et al., when the model is scanned twice,
once without ISBs and once with ISBs placed on the
model, in comparison to one step and two step scanning
methods [48].

Measuring microscopes, strain gauges, Vernier cali-
pers, micrometers, and other instruments could only
measure in two dimensions when used in impression
techniques [49].However, significant data is lost when
measurements are limited to two dimensions. The CMM,
or coordinate measuring machine, was thus utilized in
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this study’s measurement process since it enables the
evaluation of distortion in three dimensions. A 3D mag-
nitude represents the distance between two points when
the displacement between them is measured along all
three axes (X, Y, and Z). It is possible to record the rota-
tional displacement of the hex and the 3D orientation of
analogs when points from various implant casts have a
common reference inside a coordinate system [49]. This
was consistent with some recent research [29, 39, 50].

The result of this in-vitro study showed that there was
significant difference in accuracy between different soft
tissue thickness in conventional impression techniques
(direct unsplinted technique). these results agreed with
several studies showing that the deeper an implant is
placed subgingivally, the less area of the impression
coping will be covered by impression material and the
impression will be less accurate [7].

Additionally, in line with a study that employed sili-
cone gingival masks on all of the master models, which
accurately modeled the soft tissues A comparison of the
linear and angular aspects of master models with labo-
ratory analogues positioned deeper within the gingival
mask revealed statistically significant differences [11].
The Linkevicius et al. study also mentioned that the sub-
gingival position of implants had an impact on impres-
sion accuracy. This could have to do with how long the
impression coping is embedded in the impression [51,
52]. Additionally, it has been discovered that placing den-
tal implants deeply reduces the stability of the impression
coping, which has an immediate impact on recording
implant position. Concerning the depth of the implant
and tissue thickness. These results are in agreement with
several studies showing that implant depth and tissue
thickness had no significant effect in digital scanning [16,
47, 54, 55].

Additionally, in agreement with Arcuri et al., concluded
that implant depth had no effect on the ultimate accu-
racy of digital impressions when the influence of implant
depth using digital impression had been studied by plac-
ing the implants equigingivally (3 and 6 mm).

subgingivally [40]. so the first null hypothesis is
there were no significant differences in accuracy of
implant level impressions of different tissue thickness
and subgingval depths of implant is accepted in digital
impression.

This in-vitro study, however, varies from prior research
in that it is directly related to scanbody visibility, which
may impair accuracy, whereas other research takes
implant depth into consideration. When the scanbody is
fully visible, determining the implant position becomes
less error-prone; hence, the deeper the implant, the
longer the scanbody should be placed [17, 56, 57]. Fur-
thermore, this study differs from another by Giménez-
Gonzélez et al. that examined implants positioned
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equigingivally (2 and 4 mm subgingivally) and suggested
that the implant depth should be taken into account
when selecting the ISB design because the amount of vis-
ible ISB affects the accuracy of digital impressions [17].

As a result, the second null hypothesis that the digi-
tal impression would provide accuracy comparable to
the conventional technique in complete arch cases was
rejected based on the specific results of this in-vitro study
conducted with a specific scanner under a specific set of
conditions and without a significant difference in implant
position accuracy.

These results are in line with multiple studies that
proved that digital impressions were more accurate than
conventional impressions [58—-63].

However, the results are in disagreement with studies
showing that no difference in accuracy between digital
and conventional method [56].

On the other hand, this in-vitro study not parallel
with other research which concluded that conventional
impression is more accurate than digital impression
[64—67].

The limitations of this in-vitro study are that the pro-
cedure has not been done under clinical condition, used
only one type of implant connection and were tested
using single impression material and single digital
impression technique.

Conclusions

Within the limitations of this in-vitro study the digi-
tal impressions provided more accurate outcome with
implant placed deeper in soft tissue than conventional
impressions. Also, it appears that the digital impression
techniques reproduced the three-dimensional position of
implants more accurately than conventional techniques.
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