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Objectives: The aim was to compare titanium and glass fibre-reinforced composite (FRC)
orbital floor implants using cone beam CT (CBCT). FRC implants are nonmetallic and these
implants have not been analysed in CBCT images before. The purpose of this study is to
compare the artefact formation of the titanium and the FRC orbital floor implants in CBCT
images.

Methods: One commercially pure titanium and one S-glass FRC with bioactive glass parti-
cles implant were imaged with CBCT using the same imaging values (80 kV, 1 mA, FOV 60 X
60mm). CBCT images were analysed in axial slices from three areas to determine the magni-
tude of the artefacts in the vicinity of the implants. Quantified results based on the gray values
of images were analysed using analysis-of-variance.

Results: Compared to the reference the gray values of the titanium implant are more negative
in every region of interest in all slices (p < 0.05) whereas the gray values of the FRC implant
differ statistically significantly in less than half of the examined areas.

Conclusions: The titanium implant caused artefacts in all of the analysed CBCT slices.
Compared to the reference the gray values of the FRC implant changed only slightly and this
feature enables to use wider imaging options postoperatively.
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Introduction

Diagnosis and treatment planning in the maxillofacial
area often requires three-dimensional imaging because
of the complex anatomy of bone structures. The orbital
area especially, consists of complex and thin bone struc-
tures. If orbital floor fractures are suspected, the clinical
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diagnosis has to be confirmed by imaging, particularly
if an operation is being considered. Cone beam CT
(CBCT) is widely used to diagnose fractures and to
control bone growth, resorption, and infections postop-
eratively.'3 However, CBCT technique can cause several
artefacts because of the technique itself and the proper-
ties of the examined object. An artefact is a distortion
in the image which is induced by differences among the
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assumptions in image reconstruction and the physical
imaging process. In the worst cases, artefacts can compli-
cate the diagnosis. Artefacts occur when CBCT is used
in regions with dense objects, mostly metallic materials.
Metal artefacts are basically dependent on the atomic
weight of the metal, and the size and the thickness of
the implant.*® Beam hardening artefacts which are seen
as dark streaks are the most common when imaging
metallic materials.’

Clinically relevant defects of the orbital floor are
usually reconstructed with implants to maintain the
volume of the orbit and to avoid sequelae such as
enophthalmos, diplopia, limited ocular movement and
altered sensory function of the infraorbital nerve.3!!
The implant material should be biocompatible, as
strong as necessary, ductile, nonmagnetic and with
low thermal conductivity. In addition, postoperative
imaging requires that the implant material does not
impair the image quality with artefacts. Commercially
pure titanium and titanium alloys are widely used as
implant materials because of their minimal infection
risk.!>* Titanium has also been shown to be more accu-
rate in anatomical reconstructions than autogenous
calvarial bone, for example.'* However, titanium causes
artefacts in CBCT.**°

Biomaterial science has studied synthetic fibre-re-
inforced composites (FRC) as a substitutive material
for bones and teeth. These are non-metallic composite
materials, which are based on co-polymer matrices of
polymethyl methacrylate or bisphenol-A-dimethac-
rylate (Bis-GMA) and triethylenecoldimethacrylate
(TEGDMA) strengthened with glass fibres. These
composite materials are used in dental restorations.!>!¢
The orbital floor FRC implant used in this study consists
of composite and glass fibre network layers. Bioactive
glass granules are placed in the middle of the implant
to facilitate intergration into the bone. The porous
network structure allows bone-ingrowth, fluid exhance,
cell migration, vascularisation and tissue ingrowth,
while it also maintains the strength.!”!® The biocompa-
bility of the FRC implants are already verified in animal
models and in cranial bone reconstruction operations
on patients since 2007.19%

Because composite based implants are nonmetallic,
they are assumed to be able to be imaged with CBCT
without artefacts. The radiological properties of the
FRC orbital floor implants in CBCT imaging have not
been studied before. The aim of this study is to compare
the titanium and the FRC implants of the orbital floor
in CBCT images focusing on the prospective artefacts
which are caused by these implants.

Methods and materials

One perforated preformed commercially pure titanium
plate (size: large 35 X 40 X 0.4 mm, MatrixORBITAL,
DePuy Synthe, Oberdorf, Switzerland) and one stan-
dard size glass FRC orbital floor implant (size: large
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Figure 1 The FRC (left) and the titanium implant of the orbital
floor. FRC, fibre-reinforced composite.

24 x 29 mm, Glace, Skulle Implants Corporation,
Turku, Finland) were imaged separately with CBCT
(3D Accuitomo 170, J Morita, Kyoto, Japan) using the
same imaging values (80 kV, 1 mA, FOV 60 X 60 mm).
The FRC implant’s shape followed the titanium plate’s
shape. Titanium plate has been laser scanned and the
3D data is used to fabricate a special mold for preparing
the FRC implants. The thickness of the margins of the
FRC implant is 0.5 mm and the center of the implant,
the area of bioactive glass, has a thickness of 1.5 mm.
The implant surface is mesh-like with opening size of an
average of 250 X 600 micrometers (Figure 1).

The FRC implant is perforated S-glass (nominal
composition in wt%: SiO, 62-65; AlLO, 20-25; MgO
10-15; B,0, 0-1.2; Na,O 0-1.1; Fe,0, 0.2) in a dimeth-
acrylate polymer matrix and bioactive glass particles
(S53P4; nominal composition in wt. %: Na,O 24.5; CaO
24.5; Si0, 45; PO, 6). The average particle size of the
bioactive glass in the FRC implant is 400 um. Glass fibre
loading in the dimetacrylate matrix is ca. 60 vol%.

Both implants were supported with the same natural
human skull (The Department of Oral Pathology and
Radiology, Institute of Dentistry, University of Turku,
Finland) which is intended for teaching and research.
In addition, the skull was imaged without the implants
using the same values for reference. The implants were
placed on the orbital floor of the skull without screws
(Figure 2). On patients the titanium plates are usually
placed without screw fixation, although in complicated
fractures anterior screw fixation is sometimes needed.

CBCT images of the orbital floor implants and the
skull were analysed using an in-house script written
with Matlab (Matlab R2016b, The MathWorks, Natick,
MA). The FRC and the titanium images were regis-
tered with the reference image in 3D, so that the skull
structures would be in the same place for the analysis.
Three region of interest (ROI) were used in nine consec-
utive transversal slices to evaluate the amount of arte-
fact caused by the implants. The parallelogram shaped
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Figure 2 The position of the FRC implant on the orbital floor of the
skull. FRC, fibre-reinforced composite.

ROIs and the number of the slices were chosen based
on the visible artefacts of the titanium implant. The size
and location of the ROIs were chosen by a specialising
radiologist, a radiologist with 17 years of experience
and a physicist. In different slices artefact lines were
recognised to change their places a little and therefore
ROIs were chosen so that the artefact lines would be
covered throughout the nine slices. ROIs were placed on
anterior (ROI 1), lateral (ROI 2) and medial (ROI 3) side
of the orbital floor and the ROI areas (base x height)
were 2697 (3.8 x 13.8 mm), 2880 (14.4 X 3.9 mm) and
1224 (13.5 X 1.4 mm) pixels respectively (Figure 3). The
mean and standard deviation of gray values on each
ROI were obtained.

The mean values between the reference and the FRC
and titanium ROIs were compared using one-way anal-
ysis of variance (ANOVA). The differences between
the FRC and the reference and between the titanium
and the reference were tested using Tukey’s test (equal
variances between the groups) or Games-Howell’s test
(un-equal variances between the groups). The Benjami-
ni-Hochberg method was used to correct for multiple
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comparisons separately for ROIs, i.e. for 18 comparisons
in each ROI. p-values less than 0.05 were considered
statistically significant. The analyses were conducted
using SPSS Statistics v.23, IBM, corporation, Armonk,
NY.

Results

Table 1 presents the mean and the standard deviations
(SD) of the gray values on each ROI of the nine slices.
The mean gray values of the titanium and the reference
differ on average 19.4 units in ROI 1, 33.8 units in ROI
2 and 79.5 units in ROI 3. The gray values of the tita-
nium are more negative than the gray values of the refer-
ence in every ROl in all slices (p < 0.05). The mean gray
values of the FRC and the reference differ on average
3.5 units in ROI 1, 8.5 units in ROI 2 and 10.6 units in
ROI 3. The gray values of the FRC and the reference
differ statistically significantly in three slices in ROI 1
(slices 1 to 3 p < 0.05), four slices in ROI 2 (slices 1 to 3
and slice 8 p < 0.05), and four slices in ROI 3 (slices 2, 3,
6 and 8 p < 0.05). The average standard deviation of the
gray values of the reference is 25.2, the FRC 23.0 and
the titanium 39.1 in ROI 1. The corresponding standard
deviations are 51.9, 50.3 and 83.8 in ROI 2 and 85.5,
79.6,131.2 in ROI 3.

Discussion

The main reason to investigate the artefacts in CBCT
images caused by artificial materials like titanium and
zirconium dioxide is to learn to avoid them. Presently,
it is known that artefacts can not be removed entirely
when metallic implants are used, and, that using the
image sofwares of the imaging systems to eliminate
artefacts may delete the diagnostically important
image data. There are various technical and compu-
tational solutions to weaken the artefacts in order to
improve the image quality. Artefacts can be reduced
with special metal correction algorithms during image

Figure 3 The ROIs in the transversal plane at slice 3 from the reference, titanium and FRC. FRC, fibre-reinforced composite; ROI, region of

interest.
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Table 1 The results of ANOVA tests with mean and standard deviations of gray values of different regions of interest (ROIs) from different
measurements

Ref Mean (SD) FRC Mean (SD) Ti Mean (SD) PI FRC vs Ref P2 Tivs Ref

ROI 1
Slice 1 -137.9 (36.7) -152.3(35.3) -150.9 (37.7) <0.001 <0.001
Slice 2 —131.2(26.9) —139.0 (24.2) -178.5(67.1) <0.001 <0.001
Slice 3 —124.9 (26.6) —130.3 (23.5) —-136.9 (73.1) <0.001 <0.001
Slice 4 —116.7 (22.9) —117.4 (20.6) —138.4 (38.9) 0.502 <0.001
Slice 5 —113.4 (22.5) —113.1(20.2) —129.2 (33.4) 0.764 <0.001
Slice 6 —-107.6 (23.0) —108.0 (20.4) —123.5(30.5) 0.668 <0.001
Slice 7 —-102.7 (22.1) —103.8 (22.3) —120.9 (26.6) 0.153 <0.001
Slice 8 —99.7 (22.5) —100.7 (20.6) -117.1 (22.9) 0.190 <0.001
Slice 9 —96.4 (23.3) —96.8 (20.2) —-109.9 (21.5) 0.740 <0.001
ROI 2
Slice 1 -250.7 (57.8) —267.7 (56.5) —264.0 (58.6) <0.001¢ <0.001¢
Slice 2 —232.7(55.1) —243.4 (52.4) —278.4 (102.7) <0.001 <0.001
Slice 3 —212.0 (44.5) —220.4 (47.3) —=277.4(97.9) <0.001 <0.001
Slice 4 —176.4 (46.2) —195.3 (39.6) —238.9 (114.2) 0.215 <0.001
Slice 5 —165.5 (51.5) —178.7 (45.9) —217.0 (108.5) 0.181 <0.001
Slice 6 —-165.5 (51.5) -167.9 (51.1) —-191.9 (90.1) 0.196 <0.001
Slice 7 —159.2 (52.5) —160.7 (52.9) —176.6 (69.8) 0.559 <0.001
Slice 8 —155.7 (54.8) —157.5 (54.0) —-167.6 (56.4) <0.001¢ <0.001¢
Slice 9 —-151.1 (52.8) —153.8(53.2) —160.8 (56.0) 0.152 <0.001
ROI 3
Slice 1 252.3 (448.9) 214.9 (422.1) 150.3 (365.4) 0.086 <0.001
Slice 2 —10.4 (150.5) —33.9(137.9) —-156.0 (83.7) <0.001 <0.001
Slice 3 =79.9 (32.4) —102.7 (31.6) —-182.1(116.4) <0.001 <0.001
Slice 4 —81.8 (31.0) —81.0 (30.3) —144.5 (146.8) 0.775 <0.001
Slice 5 =73.6 (21.8) =71.9 (21,2) —141.5(111.9) 0.130 <0.001
Slice 6 —-78.4(19.4) —80.6 (18.5) —141.8 (116.1) 0.011 <0.001
Slice 7 —-79.4(19.9) —80.1 (18.5) —148.7 (108.2) 0.633 <0.001
Slice 8 —-79.5(24.0) —83.7 (20.0) —140.0 (74.8) <0.001 <0.001
Slice 9 -74.9(21.2) —76.6 (16.5) -116.5 (57.9) 0.087 <0.001

FRC, fibre-reinforced composite group; Ref, reference group; SD, standard deviation; Ti, titanium group.
P1 = significance from Tukey’s or Games-Howell’s test (“Tukey’s HSD) FRC vs reference.

P2 = significance from Tukey’s or Games-Howell’s test (“ Tukey’s HSD) Ti vs reference.

All the significant (<0.05) p-values remained significant after Benjamini-Hochberg’s procedure.

reconstruction. Peltola et al for example, noticed that
if a streak artefact occurs, it is usually safer for it to
remain recognisable than to fill the image with factitious
data to make it smoother. In addition, the non-iterative
CBCT with or without a metal reduction algorithm for
post-operative facial imaging is not recommended.?
The implants of this study were standard-sized
implants which were not customised or modified for
this study. The size and the shape of them were as
similar as possible which were available for this study.
However, the possibility to customise the implant
material is important. Titanium orbital floor implants
are sometimes customised pre- or peri-operatively to
facilitate the best possible anatomical reconstruction.
FRC implants can also be customised pre-operatively
before the polymerisation of the implant material.'*?¢
During examination both the titanium and the FRC
implant were fitted in the same anatomical position on
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the orbital floor of the skull. The implants were posi-
tioned on the orbital floor to emulate a real surgical
situation. Because the implants were not modified for
this study and they were not exactly the same size the
borders of the implants did not fit perfectly and simi-
larly on the orbital floor. This may have an influence on
the measured gray values.

The use of a real skull helped to target the artefacts
in CBCT slices. The bony structure of the skull gives a
backround that is as realistic as possible for artefacts.
However, it is important to consider that the thickness
of the bone around the orbital floor alternates because
of the complex anatomy and this may affect on the
measured gray values, as well. In addition, metal arte-
facts are enhanced especially in the soft-tissue region
because of the lower contrast of the soft-tissue in CBCT
images.”’ This study does not simulate the in vivo situ-
ation perfectly because of the lacking soft tissues and
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therefore we can not investigate whether the artefacts
weaken the image quality in the soft tissue areas or thin
bone structure areas.

This study focused on nine axial slices and three
different ROIs which were chosen on the basis of the
artefact formation that could be obviously seen by the
radiologists of this study. Compared to the reference the
gray values of the titanium implant are more negative
in every ROI in all slices. Since the more negative gray
values of the titanium implant are considered as artefact
formation the titanium implant is presumed to cause
more artefacts than the FRC implant. Because this
image analysis does not represent the entire imaged area
it is possible to see more artefact formation around the
titanium implant outside the determined ROIs. After all,
artefacts are basically expected in the transversal direc-
tion in which the CBCT radiation collides the object.
Therefore the artefacts caused by the titanium orbital
floor implant are not excepted in the denture area, for
example.

Compared to the reference the gray values of the
FRC implant differ statistically significantly in less than
half of the slices of the ROIs. These results imply that
the FRC implant did not demonstrate obvious artefacts.
Due to the elemental composition of glass fibres used
in the FRC implant, it has a radiopacity close to that
of cortical bone. The FRC implant is assumed to be
radiologically bone-like, though, it can be recognised in
CBCT images. Besides radiography, this property could
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