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Abstract

Background: The aim of this in vitro study was to examine the effect of the sterilization
process on two different two-piece intra-oral scan bodies (ISBs) using three-dimensional
(3D) analysis. Methods: Two identical 3D-printed models with three analogs in positions
#12, #13, and 14# were used: two-piece titanium (Ti-Ti) and two-piece poly-ether-ether-
ketone (PEEK) and Ti (PEEK-Ti) ISBs. Each model was scanned once before sterilization.
A laboratory scanner (LBS) produced a reference stereolithography (STL) file, followed
by 30 scans with an intra-oral scanner (IOS), producing 30 STL files. Both ISBs under-
went three cycles of sterilization followed by thirty scans using an IOS, producing another
30 STL files. Each STL file was superimposed on the LBS reference STL file using 3D
analyzing software, and the following parameters were calculated: inter-implant distance,
intra-implant distance, inter-implant angle, and intra-implant angle. The Kolmogorov—-
Smirnov test indicated non-normal distribution; therefore, Wilcoxon signed-rank tests and
Mann-Whitney tests were performed (p < 0.05). Results: Within groups, after steriliza-
tion, the mean errors of the Ti-Ti ISB were significantly increased regarding inter-implant
distance 12_13 (p < 0.05), intra-implant distance 14 (p = 0.0005), inter-implant angle 12_13
(p = 0.0005), inter-implant angle 13_14 (p = 0.001), intra-implant angle 13 (p = 0.005), and
intra-implant angle 14 (p < 0.05). Within groups, after sterilization, the mean errors of the
PEEK-Ti ISB were significantly increased regarding inter-implant distance 12_13, 13_14,
and 12_14 (p = 0.0005), intra-implant distance 12 (p < 0.05), intra-implant distance 13 and 14
(p = 0.0005), inter-implant angle 12_13 (p = 0.0005), and inter-implant angle 13_14 (p = 0.005).
Between groups, after sterilization, the mean errors for the PEEK-Ti ISB were significantly
higher (p < 0.0005) regarding all parameters compared to the Ti-Ti ISB. Conclusions: Both
PEEK-Ti and Ti-Ti ISBs showed significant changes in most parameters after three cycles
of sterilization, with the PEEK-Ti ISB exhibiting greater changes compared to the Ti-Ti
ISB. Therefore, three cycles of sterilization affect axes and distances for both PEEK-Ti and
Ti-Ti ISBs.

Keywords: sterilization; PEEK; titanium; CAD-CAM; scan abutment; digital dentistry;
intra-oral scan body; autoclave; Primescan; oral rehabilitation; dental implants
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1. Introduction

Passive fit is one of the most important factors regarding implant-supported restora-
tions, as it is essential for minimizing mechanical and biological complications [1-3]. Cap-
turing and transferring implant positions from the mouth to a digital dental model is crucial
for achieving a satisfactory passive fit of the restoration [4,5].

Intra-oral scanners (IOSs) can be used to capture implant position when using intra-
oral scan bodies (ISBs), achieving a computer-aided design (CAD) mesh [6,7].

The geometry of ISBs is different between different commercial companies, but all have
three main areas: a base, a body, and a scan area. Most ISBs are two-piece structures that
can be made from titanium (Ti), poly-ether-ether-ketone (PEEK), or a combination of these
materials [6,8]. ISBs can be reused only after following the sterilization protocol suggested
by their manufacturer, which may involve steam autoclave (hydrothermal treatment)
treatment under high pressure and high temperature to achieve the best sterilization
results [9].

Recent studies conducted on PEEK and Ti demonstrated that sterilization processes
cause three-dimensional (3D) changes that affect their mechanical properties, hence reduc-
ing the quality of the digital model [10-12]. In everyday dentistry, ISBs are reused and
undergo different sterilization protocols. It has already been reported that the sterilization
process of these materials affects their 3D structure, which leads to a reduction in the
accuracy of the digital model, hence reducing passive fit [13-15].

Studies regarding the impact of sterilization on ISBs and the effect on accuracy of
implant positions in the digital model are sparse, as this field has not been extensively
investigated. Changes in the 3D position of the implant in the digital model may affect
passive fit, as well as occlusal contacts and proximal contacts, leading to poor clinical results.
Comparisons between two different materials (PEEK and Ti) are essential for industries to
receive the most appropriate recommendation as to which material is better for reuse [16].

Superimposing digital stereolithography (STL) files is a well-known method for com-
paring deviations in distances and angles between implants. The laboratory scanner (LBS)
is defined as the gold standard, and the STL files produced by the IOS can be superimposed
on the LBS file to measure deviations [17,18].

The purpose of this in vitro study was to evaluate the effect of sterilization via auto-
clave on two different two-piece ISBs, Zirkonzhan (ZZ) Ti-Ti and AlphaBio (AB) PEEK-T],
regarding changes in several parameters (intra-implant distance, intra-implant axis, inter-
implant distance, and inter-implant axis), when using three implants in a curved line
(positions #12, #13, and #14). This is achieved by comparing the LBS reference file with the
IOS files before and after sterilization.

The null hypotheses were that no differences would be found for each ISB (within
groups) and no differences would be found between the two ISBs (between groups) before
and after the sterilization process, regarding the four examined parameters (inter-implant
distance, intra-implant distance, inter-implant angle, and intra-implant angle).

2. Materials and Methods

Two identical resin V-printed models were created using the SolFlex 650 x 350 3D
printer (VOCO GmbH, Cuxhaven, Germany). In the first model, three MIS (M.LS implants
technology, Bar Lev Industrial Park, Misgav, Israel) standard internal hexagon implant
digital analogs, with a diameter of 3.75 mm and a length of 11.5 mm, were used for the
locations of teeth #12, 13# and #14. Three two-piece Ti-Ti (Zirkonzhan, Gais, South Tyrol,
Italy) ISBs were used, all with a cylindrical asymmetric geometry and internal hexagonal
connection. In the second model, three AB (Alpha-Bio Tec., Petah Tikva, Israel) standard
internal hexagon implant digital analogs, with a diameter of 3.2 mm and a length of 10 mm,
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were used for the location of teeth #12, 13# and #14. Three two-piece PEEK-Ti (Alpha-Bio
Tec., Petah Tikva, Israel) ISBs were used, all of which had cylindrical asymmetric geometry
(Figure 1).

Figure 1. (a) Three PEEK-Ti (AB) ISBs in place of teeth 12, 13, 14. (b) Three Ti-Ti (ZZ) ISBs in place of
teeth 12,13, 14.

Z7Z 1SBs were screwed to the implant analogs using an analog torque ratchet
wrench STAK1001 (Zirkonzhan USA Inc., Norcross, GA, USA) at 15 N-cm, and AB ISBs
were screwed to the implant analogs using the analog torque ratchet wrench Universal
10-45 N-cm (Alpha-Bio Tec., Petah Tikva, Israel) at 15 N-cm [19].

Both models, with ISBs screwed to the analogs, were scanned once using a LBS, the
7 Series dental wings (Dental wings®, Montreal, QC, Canada), and a QR file was obtained
and converted to a STL file. This was referred to as the LBS reference file.

Afterwards, for each model, 30 scans were conducted, according to the manufacturer’s
recommendations, by a single experienced user (G.B-I.) using Primescan (CEREC® Primes-
can; Dentsply Sirona, Milford, DE, USA), and 30 STL files were produced for each model.
Using digital software (F’olyWorks® 2020; InnovMetric, Québec, QC, Canada), a best-fit
method was applied, and superimposition of each IOS STL file with the LBS reference file
was conducted (for a total of 30 times for each model).

The ISBs were inserted into an autoclave (IOVU-752S, Tuttnauer, Bet Shemesh, Israel);
the sterilization method was pre-vacuum; and three successive cycles of sterilization were
applied for each of the ISBs. Both AB and ZZ had exposure times of 3 min at a temperature
of 134 °C. A 20 min dry cycle was performed, as recommended by the manufacturer (steam
sterilizer ISO 17665) [20].

The same methodology described above was conducted after the sterilization process.
The ISBs were repositioned at a torque of 15 N-cm, and 30 scans were performed using
Primescan for each model, followed by superimposition of each IOS STL file with the LBS
reference file using the best-fit method.

Both the ZZ and AB ISBs have a flat-surface geometry that points to the buccal plane
(Figure 1). The superimposition of each IOS STL file with the LBS reference file was based
on the adjacent teeth and on the unique geometry of both ISBs. This is an advantage as it is
easier for overlapping, allowing the best-fit method to be used with all the data measured.
To measure and analyze all the data, many definitions were used, allowing calculations of
the differences in distances and axes between the ISBs and inside each ISB by comparing
the LBS reference file and each IOS STL file. The definitions are as follows (Figure 2):

a.  Upper plane (azure plane): Occlusal surface used to achieve the best fit between the
two STL files for ZZ and AB ISBs.

b.  Cylinder (greenish): Outer cylinder used to achieve the best fit between the two STL
files for ZZ and AB ISBs.
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Axis (gray line): Longitudinal axis used to achieve the best fit between the two STL
files for ZZ and AB ISBs.

Central point (white dot): Point of intersection between cylinder and upper plane
for both ZZ and AB ISBs.

Side plane (pink plane): Side plane used to achieve the best fit between the two STL
files for ZZ and AB ISBs.

Sideline (purple line): Line of intersection between the upper plane and side plane,
used for defining the system of axes of each ISB.

Inter-implant distance (orange arrow): Distance between the central points of each
ISB for both ZZ and AB. The inter-implant distances are 12_13, 13_14, and 12_14.
Inter-implant angle (brown curved line): Angle between the axes of each two ISBs
for both ZZ and AB. The inter-implant angles are 12_13, 13_14, and 12_14.

(b)

Figure 2. (a) PEEK-Ti (AB) upper plane, cylinder, axis, central point, side plane, and sideline. (b) Ti-Ti
(Z2Z) upper plane, cylinder, axis, central point, side plane, and sideline. (¢) PEEK-Ti (AB) inter-implant

distance. (d) Ti-Ti (ZZ) inter-implant distance.

i

System of Axes: For each ZZ and AB ISB, a system of axes was defined, originating in
the central point. The X-axis (red) represents the buccal-lingual plane, with a positive
direction towards the buccal plane. The Y-axis (green) represents the mesial-distal
plane, with a positive direction towards the distal plane. The Z-axis (blue) represents
the occlusal-gingival plane, with a positive direction towards the occlusal plane
(Figure 3).
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Figure 3. (a) PEEK-Ti (AB) system of axes X, Y, and Z. (b) Ti-Ti (ZZ) system of axes X, Y, and Z.

To calculate deviations and differences, the following parameters were used from
the LBS reference model file: intra-implant distance; intra-implant angle; inter-implant
distance; and inter-implant angle. The two methods used were as follows:

The first method involved the superimposition of each 30 IOS STL files (for each ISB)
with the LBS reference model file (for each ISB) using the PolyWorks | Inspector™ Software
Verification and Measurement (PolyWorks® 2020; InnovMetric, Québec, QC, Canada). The
best-fit algorithm was used for the following parameters:

1. Intra-implant distance 171314 (mm)—The calculation was performed by measuring
the distance between the central point of the LBS reference model file (X, Y, Z) and
the counterpart central point of each IOS STL file (x, y, z). The calculation is given as

follows: intra-implant distance = \/(X —x)+ (Y — )+ (Z-2)%, (X, Y, Z=0).

2. Intra-implant angle 15 13 14 (angle)—The calculation was performed by measuring the
3D angle formed between the longitudinal axis of the LBS reference model file and
the counterpart longitudinal axis of each IOS STL file.

The second method involved subtracting measurements between the two STL files
(IOS and LBS) for the following parameters:

3. Inter-implant distance 12 1313 14,12 14 (mm)—Each distance was calculated by sub-
tracting the results of each IOS STL file and LBS reference model file; superimposition
was not needed for this calculation.

4.  Inter-implant angle 12 1313 14,12 14 (angle)—Each angle was calculated by subtracting
the results of each IOS STL file and LBS reference model file; superimposition was not
needed for this calculation.

G* Power (3.1.9.4) analysis was conducted. To compare ZZ and AB, Mann-Whitney
tests with 30 scans had high sensitivity to detect effect sizes of Cohen’s f = 0.73 with 80%
power (o« = 0.05). For within-group comparisons, Wilcoxon signed-rank test had high
sensitivity to detect effect sizes of Cohen’s f = 0.54 with 80% power (x = 0.05).

Statistical analysis was performed using the Statistical Package for Social Sciences for
Windows Release 23.0 (SPSS Inc., Chicago, IL, USA). The Kolmogorov—Smirnov test was
used on study variables indicating a non-normal distribution (p < 0.05). Mann—-Whitney
tests were used for comparisons between groups, while Wilcoxon signed-rank tests were
used for comparisons within groups. The statistical significance level for this work was
p < 0.05.

3. Results

When the Kolmogorov-Smirnov test indicated non-normal distribution (p < 0.05),
Mann-Whitney tests were used to evaluate differences between the two groups before and
after sterilization, and Wilcoxon signed-rank tests were used to evaluate the differences
within each group.
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Tables 1 and 2 show the mean errors, standard deviations (SDs), and ranges and
percentiles (P25, P50, P75) of inter-implant distances 12_13,13_14, 12_14, intra-implant
distances 12, 13, 14, inter-implant angles 12_13, 13_14, 12_14, and intra-implant angles 12,
13, 14 for ZZ and AB ISBs, respectively, before and after sterilization.

Table 1. Mean errors + SDs, ranges, P25 (25 percentile), P50 (50 percentile, median), and P75
(75 percentile) of inter-implant distances 12-13, 13-14, 12-14, intra-implant distances 12, 13, 14,
inter-implant angles 12-13, 13-14, 12-14, and intra-implant angles 12, 13, 14 of Ti-Ti ZZ ISB before

and after sterilization.

Ti-Ti ZZ 1SB Before Sterilization

Ti-Ti ZZ 1SB After Sterilization

Mean (+=SD) P50 Mean (+=SD) P50
Range P25 (Median) P75 Range P25 (Median) P75
Inter-implant —0.018 (0.017) —0.008 (+0.010)

distance 12-13

—-0.028 —-0.022 —0.005

—-0.014 —-0.009 —0.003

0.077 0.047

(mm)

Inter-implant

distance 13-14 0.018 (+0.027) —0.035 —0.030 —0.011 0.019 (++0.013) —0.026 —-0.017 —-0.010
0.128 0.060

(mm)

Inter-implant

distance 12-14 —0.048 (+0.035) —0.074 —0.060 —0.029 —0.050 (0.015) —0.056 —0.049 —0.040
0.167 0.073

(mm)

Intra-implant

distance 12 0.062 (+0.018) 0.066 (£0.009)

(central point 1) 0.059 0.047 0.057 0.080 0.049 0.059 0.065 0.073

p

(mm)

Intra-implant

distance 13 0.047 (£0.015) 0.049 (£0.007)

(central point 2) 0.062 0.033 0.048 0.057 0.033 0.043 0.049 0.053

P

(mm)

Intra-implant

distance 14 0.043 (+0.028) 0.014 (£0.006)

central point . .

( I point 3) 0.146 0.028 0.038 0.046 0.034 0.010 0.014 0.017

(mm)

Inter-implant

—0.277 (+0.151)

—0.430 (£0.117)

angle 12-13 0.737 -0378 —0254 —0.192 0.486 —-0499 0428 —0.359

(angle)

Inter-implant

angle 13-14 —0.124 (+0.328) 0.089 0.163 0.225 0301 (:£0.105) 0.242 0.305 0.361
2.124 0.480

(angle)

Inter-implant

angle 12-14 “0176 (R0.38) 517 o112 0055 OPAEO) 05 o146 —0062
2.57 0.578

(angle)

Intra-implant

angle 12 0.185()(2;2.121) 0.105 0.160 0.221 0.21%(6:;8.141) 0.118 0.197 0.305

(angle) ' '

Intra-implant

angle 13 0'3010(4:22'114) 0.212 0.289 0.343 0'37%)(;;(7)'089) 0.297 0.364 0.430

(angle) ’ ’

Intra-implant

angle 14 027 COR0 0005 01es 020 OPRELID 0050 0114 0163

(angle) ' '
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Table 2. Mean errors £SDs, ranges, P25 (25 percentile), P50 (50 percentile, median), and P75
(75 percentile) of inter-implant distances 12-13, 13-14, 12-14, intra-implant distances 12, 13, 14,
inter-implant angles 12-13, 13-14, 12-14, and intra-implant angles 12, 13, 14 of PEEK-Ti AB ISB before
and after sterilization.

PEEK-Ti AB ISB Before Sterilization

PEEK-Ti AB ISB After Sterilization

Mean (£SD) P50 Mean (£SD) P50

Range P25 (Median) P75 Range P25 (Median) P75

Inter-implant

distance 12-13 0.0008 (£0.083) —0.020 —-0.013 —0.008 —0.069 (£0.010) —0.077 —0.073 —0.065
0.469 0.042

(mm)

Inter-implant

distance 13-14 OB 00 500 0032 —0013 Q06RO 008 0054 0.063
0.062 0.061

(mm)

Inter-implant

distance 12-14 —0.042 (£0.019) —0.057 —0.045 —0.030 —0.000 (£0.015) —0.010 —0.003  0.005
0.087 0.085

(mm)

Intra-implant

distance 12 0.042 (£0.016) 0.051 (£0.004)

(central point 1) 0.059 0.031 0.038 0.057 0.018 0.048 0.051 0.054

(mm)

Intra-implant

distance 13 0.041 (+0.026) 0.128 (£0.014)

(central point 2) 0.081 0.020 0.031 0.076 0.058 0.119 0.124 0.142

(mm)

Intra-implant

distance 14 0.050 (40.022) 0.077 (£0.011)

(central point 3) 0.064 0.032 0.040 0.071 0.059 0.068 0.076 0.083

(mm)

Inter-implant

angle 12-13 0.707 (+0.453) 0.411 0.758 0.940 1.158 (+0.272) 0.998 1.167 1.292
2.072 1.192

(angle)

Inter-implant

angle 13-14 1.07 (:0.450) 0.911 1.144 1.314 0.592 (+0.633) 0.401 0.685 0.877
247 3.522

(angle)

Inter-implant

angle 12-14 2.25 (+£0.389) 2.105 2.301 2.465 2.343 (+0.433) 2.149 2.285 2.503

2.15 2.488

(angle)

Intra-implant 1.905 (£0.382) 1.927 (£0.334)

angle 12 (angle) 1.59 1.646 1.838 2.199 151 1.78 2.009 2.148

Intra-implant 0.912 (£0.352) 0.784 (£0.206)

angle 13 (angle) 179 0.722 0.893 1.101 0.791 0.627 0.753 0.902

Intra-implant 1.710 (£0.364) 1.912 (£0.510)

angle 14 (angle) 154 1.483 1.611 1.809 5417 1.610 1.775 1.918
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Wilcoxon signed-rank tests showed that after sterilization of the Ti-Ti ZZ ISB, the mean
errors were significantly higher for the inter-implant distance 12_13 (p < 0.05) (Figure 4),
intra-implant distance 14 (p = 0.0005) (Figure 5), inter-implant angle 12_13 (p = 0.0005),
inter-implant angle 13_14 (p = 0.001) (Figure 6), intra-implant angle 13 (p = 0.005), and
intra-implant angle 14 (p < 0.05) (Figure 7).

0.44 1
0.09 1
0.08 1
0.07 1
0.06 1
0.05 1
0.04 1
0.03 1
0.02 1
0.01+
0.00 T
0.00 A

—-0.011
—-0.02 1 H
—-0.03 1

—-0.04
—-0.05 1 -
—0.06 1
—-0.07 1
-0.08
—-0.09
—-0.10 1

Mean_Error_mm

58
)

86
* 241

Ogo5 253
o

362

122
135

227 231
© 310

116
C9192
o

276
(@)

Inter-implant distance 12_13

ZZ before sterlization
ZZ after sterilization

Inter-implant distance 13_14 Inter-implant distance 12_14

Inter_Implant_Distance

AlphaBio before sterilization
AlphaBio after sterilization

Figure 4. Inter-implant distance mean errors & SDs for Ti-Ti ZZ ISB and PEEK-Ti AB ISB before and
after sterilization. The symbol ‘O’ represents mild outliers (values between 1.5 and 3 times the IQR
from the box), and ‘%’ represents extreme outliers (values exceeding 3 times the IQR from the box).
Numbers indicated above these symbols denote the specific measurement number of each outlier.

No significant differences were found regarding inter-implant distance 13_14 (p = 0.159),
inter-implant distance 12_14 (p = 0.651), intra-implant distance 12 (p = 0.388), intra-implant
distance 13 (p = 0.497), inter-implant angle 12_14 (p = 0.644), and intra-implant angle 12
(p = 0.200).
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Mean_Error_-mm

0.20 1
253
*
0151 T
H 271
* 362
(@)
4 34 155
010 o o 1
0.05+
% 276
*
0.00
Intra-implant distance 12 Intra-implant distance 13 Intra-implant distance 14

ZZ before sterlization
ZZ after sterilization

Intra_lmplant_Distance

AlphaBio before sterilization
AlphaBio after sterilization

Figure 5. Intra-implant distance mean errors & SDs for Ti-Ti ZZ ISB and PEEK-Ti AB ISB before and
after sterilization. The symbol ‘O’ represents mild outliers (values between 1.5 and 3 times the IQR
from the box), and ‘¥’ represents extreme outliers (values exceeding 3 times the IQR from the box).
Numbers indicated above these symbols denote the specific measurement number of each outlier.

Wilcoxon signed-rank tests showed that after sterilization of the PEEK-Ti AB ISB, the
mean errors were significantly higher for the inter-implant distance 12_13 (p = 0.0005),
inter-implant distance 13_14 (p = 0.0005), inter-implant distance 12_14 (p = 0.0005) (Figure 4),
intra-implant distance 12 (p < 0.05), intra-implant distance 13 (p = 0.0005) and intra-implant
distance 14 (p = 0.0005) (Figure 5), as well as the inter-implant angle 12_13 (p = 0.0005) and
inter-implant angle 13_14 (p = 0.005) (Figure 6).

No significant differences were found regarding inter-implant angle 12_14 (p = 0.688),
intra-implant angle 12 (p = 0.719), intra-implant angle 13 (p = 0.082), and intra-implant
angle 14 (p = 0.071) (Figure 7).
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Mean_Error_Angle

268
2411
223
2001
1611
130+
1161
0.99-
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0.42-
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019 -
0.06 - _
~0.061
~016-
~0.26- H
~0381
~0.491
188+

00

* * ¥

o
o
o
(¢]
o
o

Inter-implant angle 12_13 Inter-implant angle 13_14 Inter-implant angle 12_14

ZZ before sterlization
ZZ after sterilization

Inter_Implant_Angle

AlphaBio before sterilization
AlphaBio after sterilization

Figure 6. Inter-implant angle mean errors &+ SDs for Ti-Ti ZZ ISB and PEEK-Ti AB ISB before and
after sterilization. The symbol ‘O’ represents mild outliers (values between 1.5 and 3 times the IQR
from the box), and ‘%’ represents extreme outliers (values exceeding 3 times the IQR from the box).

Mann-Whitney tests were used to compare the mean errors of variables between the
Ti-Ti ZZ and PEEK-Ti AB ISBs before and after sterilization.

Before sterilization, significant differences were found between the Ti-Ti ZZ and PEEK-
Ti AB (PEEK-Ti AB less accurate) regarding inter-implant distance 12_13 (p < 0.05) (Figure 4),
intra-implant distance 12 (p = 0.0005) (Figure 5), inter-implant angle 12_13 (p = 0.0005),
inter-implant angle 13_14 (p = 0.0005), inter-implant angle 12_14 (p = 0.0005) (Figure 6),
intra-implant angle 12 (p = 0.0005), intra-implant angle 13 (p = 0.0005) and intra-implant
angle 14 (p = 0.0005) (Figure 7) as the mean errors were higher for the PEEK-Ti AB.

No significant differences were found regarding the inter-implant distance 13_14
(p = 0.162), inter-implant distance 12_14 (p = 0.072), intra-implant distance 13 (p = 0.101),
and intra-implant distance 14 (p = 0.145).

After sterilization, significant differences were found between the Ti-Ti ZZ and PEEK-
Ti AB regarding all the study variables (p < 0.0005 for all variables) as the mean errors were
higher for the PEEK-Ti AB (Figures 4-7).
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Figure 7. Intra-implant angle mean errors + SDs for Ti-Ti ZZ ISB and PEEK-Ti AB ISB before and
after sterilization. The symbol ‘O’ represents mild outliers (values between 1.5 and 3 times the IQR
from the box), and ‘¥’ represents extreme outliers (values exceeding 3 times the IQR from the box).
Numbers indicated above these symbols denote the specific measurement number of each outlier.

4. Discussion

This in vitro study, using a previous method [15,21,22], aimed to evaluate the effect
of the sterilization process on several parameters (inter-implant distance, intra-implant
distance, inter-implant angle, and intra-implant angle) regarding two different two-piece
ISBs (Ti-Ti ZZ and PEEK-Ti AB); the study compared 10S STL files with the LBS reference
file (gold standard) before sterilization and after the sterilization process.
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Both null hypotheses were rejected as significant differences were found before and
after sterilization for each ISB (within groups) and significant differences were also found
between the two ISBs (between groups) before and after the sterilization process (p < 0.05).

When examining within-group results, the sterilization process affected both ISBs, as
many parameters were significantly higher after sterilization compared to before steril-
ization, meaning that both Ti and PEEK were affected by the sterilization process. These
results are aligned with previous studies. Diker et al. showed that the sterilization process
generally increased displacements of PEEK ISBs, using the same protocol as this study [23].
Other studies have also shown that PEEK increases deformations after the sterilization
process [12,24]. Ben-izhack et al. showed that the sterilization process has the potential to
affect the 3D structure of Ti, using the same protocol as this study [15].

When examining between-group results, the sterilization process affected PEEK-Ti ISBs
more significantly for all parameters compared to Ti-Ti ISBs. These results are consistent
with Arcuri et al., who reported that ISB material influences accuracy, as one-piece Ti ISBs
had lower errors compared to PEEK-Ti ISBs [25].

Several studies that examined one-piece PEEK SBs and one-piece Ti SBs demonstrated
different results, as Arcuri et al. [25], VOller et al. [26], and Ata et al. [20] showed favorable
results for one-piece PEEK compared to one-piece Ti. By contrast, Costa Santos et al. [27]
showed the opposite. It is important to notice that one-piece and two-piece SBs are different
regarding their sterilization protocols, as the cement between the two pieces may be affected
more than the materials during processing [28].

Another explanation for the differences between the two groups is different geometries.
It is reported in the literature that geometry influences the capability of achieving better
accuracy [29]. As the structure of an ISB is simpler, it confers an advantage for receiving
more accurate digital scans [30]. In this study, although both ISBs had a general cylindrical
geometry, the AB ISB is not completely cylindrical, and the upper surface has a rectangular
shape (two flat sides). This might be a more complex shape for the IOS to scan.

Kato et al. examined the effect of sterilization on PEEK ISBs using a stone model with
two implants; a sterilization process of 10 cycles was applied (135 °C for 3 min), and the
same torque, 15 N-cm, was applied as in this study. Significant changes regarding the
inter-implant distance and inter-implant angle were found before and after sterilization.
A similar sterilization protocol was used in this study, and the results are consistent with
Kato’s study, as differences were found before and after sterilization for both groups [31].

Regarding inter-implant angle, the ZZ ISB showed significantly lower mean errors
compared to the AB ISB, both before and after sterilization. Almost all values of the ZZ ISB
(except inter-implant angle 12_13), before and after sterilization, were within the values
reported in the literature (0.07-0.3°) [32]. By contrast, all values of the AB ISB, before and
after sterilization, were higher than the values reported in the literature. The significant
differences between the two ISBs can be explained by the measuring technique and different
geometries, as the references between the two ISBs are different [29].

When examining the inter-implant distance, before sterilization, the ZZ ISB and AB
ISB differed only in regard to inter-implant distance 12_13 (with higher mean errors for
AB); after sterilization, the ZZ ISB and AB ISB differed for all parameters (AB with higher
mean errors). For the ZZ ISB, changes were observed from 1 to 10 um, while for the AB
ISB, changes were identified from 28 to 68 pm. In a previous study by Ben-izhack et al. [15],
the same methodology was applied but for implants in a straight line (positions 15, 16,
17). Changes for the ZZ ISB were detected from 16 to 59 pum. The results obtained using
a straight-line model for the ZZ ISB are more consistent with the results obtained for the
AB ISB using a curved line model. This can be explained by another previous study from
the same group [18], which demonstrated that when using the digital method, the results
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between straight- and curved-line situations are similar. Andriessen et al. [33] suggested
that between two implants, the inter-implant distance deviation should be below 100 pm;
in this study;, all the results for inter-implant distance and deviations were below 100 pm.

The intra-implant angle is another important parameter that may affect passive fit.
Andriessen et al. [32] showed that deviations over 0.194 degrees for 14.8 mm create a 50 um
difference at the apex of an implant, which is beyond the acceptable threshold; hence, a
maximal deviation of 0.4 degrees is recommended. In this study, the intra-implant angles
for the ZZ ISB were all below 0.4 degrees both before and after sterilization; however, for
the AB ISB, all the results were above 0.4 degrees.

Sterilization may compromise the passive fit for both scan bodies (ZZ Ti-Ti and AB
Ti-PEEK) by causing structural deformations, though the extent of the risk depends on
material and design. Prior to sterilization, both systems achieved acceptable inter-implant
distance deviations; however, post-sterilization, the titanium-based ZZ ISB maintained
superior stability with minor changes, while the PEEK-Ti AB ISB exhibited significant
distortions that may lead to a lack of passive fit.

Regarding the inter-implant angle, the serialization process severely compromises the
potential for a passive fit when using the AB PEEK-Ti ISBs, while the ZZ Ti-Ti scan bodies
demonstrated less changes. Before and after sterilization, the ZZ ISBs consistently maintain
angular deviations within the strict literature threshold of 0.07° to 0.3° [32]. In contrast,
the AB Ti-PEEK ISBs fail to meet the threshold what might harm passive fit standards at
any point.

When using ISBs in everyday dentistry, it is very important to know what the limit of
reuse is, as the literature has already proven that all types of materials undergo deforma-
tions after the sterilization process [20]. Guidelines regarding the maximum times of reuse
are absent from the brochures of companies, and more research in this field is needed to
understand what the upper limit of ISB reuse is.

The limitations of this in vitro study include controlled conditions without considering
patient-related factors [34], the use of a single IOS and a single LBS, the inclusion of a
resin rather than a metallic model [35], the use of one measuring technique [36], one 3D
software [37], and only three cycles of sterilization [14], one physical model per group,
30 repeated scans rather than independent specimens [15], and the absence of direct fit
evaluation and different types of implants and analogs between the two groups.

Future in vivo and in vitro studies are needed to corroborate the findings from this
study when examining the maximum number of sterilizations cycles an ISB can undergo
and still maintain a good clinical outcome when fabricating fixed partial dentures
on implants.

5. Conclusions

Within the limitations of the different implant and analog systems evaluated, the
following conclusions were drawn specifically for AB and ZZ scan bodies:

1.  Both PEEK-Ti and Ti-Ti ISBs showed significant changes in most parameters after
three sterilization cycles.

2. Within the specific commercial assemblies and implant analog systems tested, the AB
PEEK-Ti ISB exhibited higher mean errors after three sterilization cycles than the ZZ
Ti-Ti ISB.

3. Three cycles of sterilization affect axes and distances for both PEEK-Ti and Ti-Ti ISBs.

4. Findings are preliminary and should be confirmed by future studies with more
independent specimens.

5. Clinical protocols regarding the maximum number of reuses are missing.
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AB AlphaBio

Ti titanium

PEEK poly-ether-ether-ketone
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3D three-dimensional
CAD  computer-aided design
10s intra-oral scanner

10Ss intra-oral scanners

LBS laboratory scanner

ISB intra-oral scan body
ISBs intra-oral scan bodies

References

1.  Buzayan, M.M.; Yunus, N.B. Passive Fit in Screw Retained Multi-unit Implant Prosthesis Understanding and Achieving: A
Review of the Literature. J. Indian Prosthodont. Soc. 2014, 14, 16-23. [PubMed]

2. Kan, J.Y.; Rungcharassaeng, K.; Bohsali, K.; Goodacre, C.J.; Lang, B.R. Clinical methods for evaluating implant framework fit.
J. Prosthet. Dent. 1999, 81, 7-13. [CrossRef] [PubMed]

3. Pan, Y, Tsoi, ] KH.; Lam, W.Y.H.; Pow, EH.N. Implant framework misfit: A systematic review on assessment methods and
clinical complications. Clin. Implant Dent. Relat. Res. 2021, 23, 244-258. [CrossRef] [PubMed]

4. Eggmann, F; Blatz, M.B. Recent Advances in Intraoral Scanners. J. Dent. Res. 2024, 103, 1349-1357. [CrossRef] [PubMed] [PubMed
Central]

5. Mohajerani, R.; Djalalinia, S.; Alikhasi, M. The Effects of Scan Body Geometry on the Precision and the Trueness of Implant
Impressions Using Intraoral Scanners: A Systematic Review. Dent. J. 2025, 13, 252. [CrossRef] [PubMed] [PubMed Central]

6.  Mizumoto, RM,; Yilmaz, B. Intraoral scan bodies in implant dentistry: A systematic review. J. Prosthet. Dent. 2018, 120, 343-352.
[CrossRef] [PubMed]

7. Fluegge, T.; Att, W.; Metzger, M.; Nelson, K. A Novel Method to Evaluate Precision of Optical Implant Impressions with
Commercial Scan Bodies-An Experimental Approach. J. Prosthodont. 2017, 26, 34—41. [PubMed]

8.  Goémez-Polo, M.; Donmez, M.B.; Cakmak, G.; Yilmaz, B.; Revilla-Le6én, M. Influence of implant scan body design (height, diameter,
geometry, material, and retention system) on intraoral scanning accuracy: A systematic review. J. Prosthodont. 2023, 32, 165-180.
[CrossRef] [PubMed]

9. Eswaramurthy, P.; Aras, M.; DSouza, K.M.; Nagarsekar, A.; Gaunkar, R.B. Contemporary Sterilization Protocols of Healing
Abutments for Reusability: A Systematic Review. JDR Clin. Transl. Res. 2022, 7, 352-359. [CrossRef] [PubMed]

10. Kotsakis, G.A.; Black, R.; Kum, J.; Berbel, L.; Sadr, A.; Karoussis, I.; Daubert, D. Effect of implant cleaning on titanium particle
dissolution and cytocompatibility. J. Periodontol. 2021, 92, 580-591.

11. Tan,].Z.H,; Tan, M.Y,; See, T.Y.; Wong, K.Y.; Tan, K.B.C. Three-dimensional positional accuracy of intraoral and laboratory implant

scan bodies. J. Prosthet. Dent. 2021, 128, 735-744. [PubMed]

https:/ /doi.org/10.3390/dj14080491


https://www.ncbi.nlm.nih.gov/pubmed/24604993
https://doi.org/10.1016/s0022-3913(99)70229-5
https://www.ncbi.nlm.nih.gov/pubmed/9878969
https://doi.org/10.1111/cid.12968
https://www.ncbi.nlm.nih.gov/pubmed/33331058
https://doi.org/10.1177/00220345241271937
https://www.ncbi.nlm.nih.gov/pubmed/39382136
https://pmc.ncbi.nlm.nih.gov/articles/PMC11633065
https://pmc.ncbi.nlm.nih.gov/articles/PMC11633065
https://doi.org/10.3390/dj13060252
https://www.ncbi.nlm.nih.gov/pubmed/40559155
https://pmc.ncbi.nlm.nih.gov/articles/PMC12191632
https://doi.org/10.1016/j.prosdent.2017.10.029
https://www.ncbi.nlm.nih.gov/pubmed/29627211
https://www.ncbi.nlm.nih.gov/pubmed/26466158
https://doi.org/10.1111/jopr.13774
https://www.ncbi.nlm.nih.gov/pubmed/37771200
https://doi.org/10.1177/23800844211045897
https://www.ncbi.nlm.nih.gov/pubmed/34617805
https://www.ncbi.nlm.nih.gov/pubmed/33836856
https://doi.org/10.3390/dj14080491

Dent. |. 2026, 14, 491 15 of 16

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kumar, A; Yap, W.T,; Foo, S.L.; Lee, TK. Effects of Sterilization Cycles on PEEK for Medical Device Application. Bioengineering
2018, 5, 18. [CrossRef] [PubMed] [PubMed Central]

Mahmoud Hashemi, A.; Hasanzadeh, M.; Payaminia, L.; Alikhasi, M. Effect of Repeated Use of Different Types of Scan Bodies on
Transfer Accuracy of Implant Position. J. Dent. 2023, 24, 410-416. [CrossRef] [PubMed] [PubMed Central]

Aktas, A.; Manav, T.Y.; Zortuk, M. Effect of reusing impression posts and scan bodies on recording accuracy. J. Prosthet. Dent.
2025, 133, 1324.e1-1324.e7. [CrossRef] [PubMed]

Ben-Izhack, G.; Lugassy, D.; Rosner, O.; Nissan, J.; Rachmiel, S.; Khoury, Y.; Shely, A. Post sterilization of intraoral scan body
and the effect it has on the axes and distances between three adjacent implants: In-vitro study. BMC Oral Health 2024, 24, 870.
[CrossRef] [PubMed] [PubMed Central]

Grande, F.; Nuytens, P.; Zahabiyoun, D.S.; Iocca, O.; Catapano, S.; Mijiritsky, E. Factors influencing the intraoral implant scan
accuracy: A review of the literature. J. Dent. 2025, 161, 105973. [CrossRef] [PubMed]

Limones, A.; Cascos, R.; Molinero-Mourelle, P.; Abou-Ayash, S.; de Parga, ].A.M.V,; Celemin, A.; Gémez-Polo, M. Impact of
the superimposition methods on accuracy analyses in complete-arch digital implant investigation. J. Dent. 2024, 147, 105081.
[CrossRef] [PubMed]

Ben-Izhack, G.; Rosner, O.; Zenziper, E.; Nissan, ].; Hosary, R.; Lugassy, D.; Shely, A. Comparison between Conventional and
Digital Impressions for Determining Axes and Distances of Three Implants in Straight and Curved Lines: An In Vitro Study.
J. Clin. Med. 2024, 13, 2352. [CrossRef] [PubMed] [PubMed Central]

Shi, X.; Liu, X,; Liu, S.; Wang, M.; Liu, F. Vertical Deviation Caused by Tightening Torque on Implant Scan Body: An In Vitro
Study. Int. ]. Prosthodont. 2022, 35, 653-659. [CrossRef] [PubMed]

Ata, BK,; Sen, D.; Ozer, F; Blatz, M.B. Effect of Material, Sterilization, and Repeated Use on the Deviations of PEEK and Titanium
Monoblock Scanbodies. Acta Stomatol. Croat. 2026, 60, 43-57. [CrossRef] [PubMed] [PubMed Central]

Shely, A.; Lugassy, D.; Rosner, O.; Zanziper, E.; Nissan, J.; Rachmiel, S.; Khoury, Y.; Ben-Izhack, G. The Influence of Laboratory
Scanner versus Intra-Oral Scanner on Determining Axes and Distances between Three Implants in a Straight Line by Using Two
Different Intraoral Scan Bodies: A Pilot In Vitro Study. J. Clin. Med. 2023, 12, 6644. [CrossRef] [PubMed] [PubMed Central]
Ben-Izhack, G.; Lugassy, D.; Nissan, J.; Safadi, F; Shirazi, T.; Manor, Y.; Shely, A. Differences between laboratory scanner and
intra-oral scanner regarding axes and distances of three implants in a curved line when using two types of intra-oral scan bodies:
In vitro study. Int. |. Implant Dent. 2025, 11, 27. [CrossRef] [PubMed] [PubMed Central]

Diker, E.; Terzioglu, H.; Gouveia, D.N.M.; Donmez, M.B.; Seidt, J.; Yilmaz, B. Effect of material type, torque value, and sterilization
on linear displacements of a scan body: An in vitro study. Clin. Implant Dent. Relat. Res. 2023, 25, 419-425. [CrossRef] [PubMed]
Revilla-Le6n, M.; Lanis, A.; Yilmaz, B.; Kois, J.C.; Gallucci, G.O. Intraoral digital implant scans: Parameters to improve accuracy.
J. Prosthodont. 2023, 32, 150-164. [CrossRef] [PubMed]

Arcuri, L.; Pozzi, A.; Lio, F.; Rompen, E.; Zechner, W.; Nardi, A. Influence of implant scanbody material, position and operator on
the accuracy of digital impression for complete-arch: A randomized in vitro trial. ]. Prosthodont. Res. 2020, 64, 128-136. [CrossRef]
[PubMed]

Voller, E.; Giith, J.E; Heuser, S.; Schubert, O.; Schweiger, J.; Graf, T. Influence of multiple use of titanium and PEEK scan bodies
on scan precision after sterilization and thermal disinfection: An in vitro study. J. Prosthodont. Res. 2026, Epub ahead of printing.
[CrossRef] [PubMed]

Costa Santos, FH.P.; de Melo, PS.; Borella, P.S.; Neves, ED.D.; Zancope, K. Effect of autoclaving process on trueness and
qualitative marginal fit of intraoral scan body manufactured from two materials: An in vitro study. PLoS ONE 2025, 20, e0325068.
[CrossRef] [PubMed] [PubMed Central]

Lang, R.; Hiller, K.A.; Kienbock, L.; Friedl, K.; Friedl, K.H. Influence of autoclave sterilization on bond strength between zirconia
frameworks and Ti-base abutments using different resin cements. . Prosthet. Dent. 2022, 127, 617.e1-617.e6. [CrossRef] [PubMed]
Alvarez, C.; Dominguez, P.; Jiménez-Castellanos, E.; Arroyo, G.; Orozco, A. How the geometry of the scan body affects the
accuracy of digital impressions in implant supported prosthesis. In vitro study. J. Clin. Exp. Dent. 2022, 14, €1008-e1014.
[CrossRef] [PubMed] [PubMed Central]

Motel, C.; Kirchner, E.; Adler, W.; Wichmann, M.; Matta, R.E. Impact of Different Scan Bodies and Scan Strategies on the Accuracy
of Digital Implant Impressions Assessed with an Intraoral Scanner: An In Vitro Study. J. Prosthodont. 2020, 29, 309-314. [CrossRef]
[PubMed]

Kato, T.; Yasunami, N.; Furuhashi, A.; Sanda, K.; Ayukawa, Y. Effects of Autoclave Sterilization and Multiple Use on Implant
Scanbody Deformation In Vitro. Materials 2022, 15, 7717. [CrossRef] [PubMed] [PubMed Central]

Rutkiinas, V.; Gec¢iauskaité, A.; Jegelevicius, D.; Vaitiekiinas, M. Accuracy of digital implant impressions with intraoral scanners.
A systematic review. Eur. J. Oral Implantol. 2017, 10, 101-120. [PubMed]

Andriessen, ES.; Rijkens, D.R.; van der Meer, W.]J.; Wismeijer, D.W. Applicability and accuracy of an intraoral scanner for scanning
multiple implants in edentulous mandibles: A pilot study. J. Prosthet. Dent. 2014, 111, 186-194. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/dj14080491


https://doi.org/10.3390/bioengineering5010018
https://www.ncbi.nlm.nih.gov/pubmed/29466289
https://pmc.ncbi.nlm.nih.gov/articles/PMC5874884
https://doi.org/10.30476/dentjods.2022.96149.1922
https://www.ncbi.nlm.nih.gov/pubmed/38149225
https://pmc.ncbi.nlm.nih.gov/articles/PMC10749433
https://doi.org/10.1016/j.prosdent.2025.02.007
https://www.ncbi.nlm.nih.gov/pubmed/40055085
https://doi.org/10.1186/s12903-024-04664-1
https://www.ncbi.nlm.nih.gov/pubmed/39090634
https://pmc.ncbi.nlm.nih.gov/articles/PMC11295592
https://doi.org/10.1016/j.jdent.2025.105973
https://www.ncbi.nlm.nih.gov/pubmed/40675250
https://doi.org/10.1016/j.jdent.2024.105081
https://www.ncbi.nlm.nih.gov/pubmed/38797486
https://doi.org/10.3390/jcm13082352
https://www.ncbi.nlm.nih.gov/pubmed/38673631
https://pmc.ncbi.nlm.nih.gov/articles/PMC11051143
https://doi.org/10.11607/ijp.7493
https://www.ncbi.nlm.nih.gov/pubmed/35649276
https://doi.org/10.15644/asc60/1/3
https://www.ncbi.nlm.nih.gov/pubmed/41971968
https://pmc.ncbi.nlm.nih.gov/articles/PMC13068200
https://doi.org/10.3390/jcm12206644
https://www.ncbi.nlm.nih.gov/pubmed/37892783
https://pmc.ncbi.nlm.nih.gov/articles/PMC10607023
https://doi.org/10.1186/s40729-025-00617-7
https://www.ncbi.nlm.nih.gov/pubmed/40167872
https://pmc.ncbi.nlm.nih.gov/articles/PMC11961802
https://doi.org/10.1111/cid.13187
https://www.ncbi.nlm.nih.gov/pubmed/36762614
https://doi.org/10.1111/jopr.13749
https://www.ncbi.nlm.nih.gov/pubmed/37586762
https://doi.org/10.1016/j.jpor.2019.06.001
https://www.ncbi.nlm.nih.gov/pubmed/31255546
https://doi.org/10.2186/jpr.JPR_D_25_00308
https://www.ncbi.nlm.nih.gov/pubmed/41987384
https://doi.org/10.1371/journal.pone.0325068
https://www.ncbi.nlm.nih.gov/pubmed/40549761
https://pmc.ncbi.nlm.nih.gov/articles/PMC12185011
https://doi.org/10.1016/j.prosdent.2022.01.028
https://www.ncbi.nlm.nih.gov/pubmed/35219531
https://doi.org/10.4317/jced.59948
https://www.ncbi.nlm.nih.gov/pubmed/36601246
https://pmc.ncbi.nlm.nih.gov/articles/PMC9799989
https://doi.org/10.1111/jopr.13131
https://www.ncbi.nlm.nih.gov/pubmed/31802574
https://doi.org/10.3390/ma15217717
https://www.ncbi.nlm.nih.gov/pubmed/36363311
https://pmc.ncbi.nlm.nih.gov/articles/PMC9655283
https://www.ncbi.nlm.nih.gov/pubmed/28944372
https://doi.org/10.1016/j.prosdent.2013.07.010
https://www.ncbi.nlm.nih.gov/pubmed/24210732
https://doi.org/10.3390/dj14080491

Dent. |. 2026, 14, 491 16 of 16

34.

35.

36.

37.

Revilla-Le6n, M.; Subramanian, S.G.; Att, W.; Krishnamurthy, V.R. Analysis of Different Illuminance of the Room Lighting
Condition on the Accuracy (Trueness and Precision) of An Intraoral Scanner. . Prosthodont. 2021, 30, 157-162. [CrossRef]
[PubMed]

Suzuki, S.; Suzuki, R.; Seto, M.; Hiroyasu, K.; Ogura, S.; Ueda, K. Dimensional changes over time in stereolithographic models
fabricated with a 3D printer. Odontology 2024, 113, 274-282. [CrossRef] [PubMed]

Lerner, H.; Nagy, K.; Pranno, N.; Zarone, F.; Admakin, O.; Mangano, F. Trueness and precision of 3D-printed versus milled
monolithic zirconia crowns: An in vitro study. J. Dent. 2021, 113, 103792. [CrossRef] [PubMed]

Schmalz], J.; Réth, I.; Borbély, J.; Hermann, P.; Vecsei, B. The impact of software updates on accuracy of intraoral scanners. BMC
Oral Health 2023, 23, 219. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/dj14080491


https://doi.org/10.1111/jopr.13276
https://www.ncbi.nlm.nih.gov/pubmed/33094878
https://doi.org/10.1007/s10266-024-00972-8
https://www.ncbi.nlm.nih.gov/pubmed/39073554
https://doi.org/10.1016/j.jdent.2021.103792
https://www.ncbi.nlm.nih.gov/pubmed/34481929
https://doi.org/10.1186/s12903-023-02926-y
https://www.ncbi.nlm.nih.gov/pubmed/37061664
https://doi.org/10.3390/dj14080491

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

