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Objectives: To analyze MRI artefacts induced at 3 T by bioresorbable, tita-
nium (TI) and glass fibre reinforced composite (GFRC) plates for osseous  
reconstruction.
Methods: Fixation plates including bioresorbable polymers (Inion CPS, Inion Oy, 
Tampere, Finland; Rapidsorb, DePuy Synthes, Umkirch, Germany; Resorb X, Gebrueder 
KLS Martin GmbH, Tuttlingen, Germany), GFRC (Skulle Implants Oy, Turku, Finland) 
and TI plates of  varying thickness and design (DePuy Synthes, Umkirch, Germany) were 
embedded in agarose gel and a 3  T MRI was performed using a standard protocol for 
head and neck imaging including T1W and T2W sequences. Additionally, different arte-
fact reduction techniques (slice encoding for metal artefact reduction  & ultrashort 
echo  time) were used and their impact on the extent of  artefacts evaluated for each  
material.
Results: All TI plates induced significantly more artefacts than resorbable plates in T1W and 
T2W sequences. GFRCs induced the least artefacts in both sequences. The total extent of 
artefacts increased with plate thickness and height. Plate thickness had no influence on the 
percentage of overestimation in all three dimensions. TI-induced artefacts were significantly 
reduced by both artefact reduction techniques.
conclusions: Polylactide, GFRC and magnesium plates produce less susceptibility 
artefacts in MRI compared to TI, while the dimensions of  TI plates directly influ-
ence artefact extension. Slice encoding for metal artefact reduction and ultrashort 
echo  time significantly reduce metal artefacts at the expense of  scan time or image  
resolution.
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introduction

Osteosynthesis with plates and screws is commonly 
performed at the maxillofacial skeleton in trauma and 
reconstructive surgery. This particularly applies for the 
fixation of osseous free flaps for primary or secondary 
reconstruction after jaw resection due to osteonecrosis 
or malignoma.1–6 As a standard feature, fixation of free 
flaps at the recipient site is performed with different tita-
nium (TI) systems, basically combining screws with 1.0 
mini- or 2.0–2.8 mm locking plates. Recently comput-
er-assisted design/computer-assisted manufacturing 
(CAD/CAM) plates, which are virtually planned and 
milled to perfectly adapt to the transplant and recip-
ient site, became increasingly popular for mandible 
reconstruction.7

As a standard feature in tumour follow-up programs 
after surgical and adjuvant therapy, MRI is regu-
larly performed within the first 5 years after primary 
therapy.8,9 If  a plate removal is not performed, the 
persistent implants induce significant susceptibility 
artefacts in MRI.10–12 These are caused by the presence 
of metallic materials and their higher susceptibility 
compared with surrounding tissues, which induces 
inhomogeneities in the magnetic field.12–14 As a conse-
quence, the quality and significance of the radiographic 
evaluation is reduced. Potentially, recurrent cancer and 
complications associated with implants, e.g. screw loos-
ening or signs of inflammation, can easily be overseen 
or, briefly, are invisible to the reviewers.

Besides patient compliance, the extent of artefact 
induction depends on the implant’s or plate’s size, 
configuration, material and positioning itself, the MR 
field strength (1.5  vs  3 T), MR protocol and sequence 
parameters.15 Accordingly, artefact reduction may be 
achieved via either the use of alternative fixation systems 
based on materials with less potential to induce suscep-
tibility artefacts or by changing one or more parameters 
of MRI itself.

Regarding alternative materials like polylactic acids 
(PL),16,17 magnesium (MG) and glass fibre reinforced 
composites (GFRCs) with higher fatigue strength are 
promising.18–26 While GFRC is not bioresorbable and 
has to be fixed with screws of a different material, PL 
based copolymers degrade enzymatically via acidic 
hydrolysis and MG undergoes corrosion into magne-
sium hydroxide and hydrogen gas.27

However, to date, there is a certain lack of biome-
chanical, clinical and radiographic studies investigating 
advantages and disadvantages of these materials for 
mandible reconstruction.

For the reduction of artefacts induced by dental 
restorations, plates and screws, various metal artefact 
reduction techniques have recently been described. 
Conventional techniques include the use of 1.5 T instead 
of 3  T scanners by increasing the receiver bandwidth 
or matrix size, decreasing slice thickness, switching 
frequency and phase encoding direction and the usage 

of fat saturation with short TI inversion recovery (STIR) 
or Dixon sequences or subtraction images plus the use 
of fast spin echo sequences instead of gradient echo 
sequences.15 Accordingly T1 weighted (T1W) and inter-
mediate weighted sequences with shorter echo times 
(TEs) regularly induce less artefacts than T2 weighted 
(T2W)  sequences with longer TE. In this regard, the 
ultrashort TE (UTE) sequence is an even more sophisti-
cated metal artefact reduction sequence. UTE sequences 
use a different readout strategy delivering TEs far below 
0.05 ms and by that reducing fast T2 signal dephasing 
of tissues with very short T2 relaxation times. Another 
promising approach to reduce artefacts is slice encoding 
for metal artefacts (SEMAC), which is used in combi-
nation with view angle tilting (VAT).28–31 For maxillofa-
cial TI systems, however, the impact of advanced metal 
artefact reduction sequences has not been evaluated to 
date. Further, there is a lack of knowledge regarding the 
extent and proportional increase of artefacts induced by 
varying thickness, design and material of fixation plates 
in MRI.

The aim of the current study was to compare the 
extent of susceptibility artefacts caused by fixation 
plates of varying material, thickness and design and the 
individual impact of SEMAC or UTE techniques to 
reduce artefacts at 3 T MRI in vitro. We hypothesized 
that, in descending order, artefacts by MG, GFRC and 
polylactide would be less pronounced than in TI and 
that the design and thickness of the plates has a rele-
vant impact on artefact induction. We further hypoth-
esized, that the potential of artefact reduction by UTE 
and SEMAC protocols would differ depending on the 
thickness and design of the plate.

Methods and materials

Plates
Susceptibility artefacts of bioabsorbable polymers 
[poly-L-lactide (PLLA), poly-D-L-lactide (PDLLA) or 
MG] and non-degradable GFRC and TI fixation plates 
were analyzed. In the TI group, conventional miniplates 
and locking plates of varying thickness were compared 
to a CAD/CAM locking plate. Table 1 provides an over-
view of the specimen used in the current study.

Embedding
All plates were positioned in the centre of a plastic 
container with the help of a resorbable suture (monocryl, 
5–0) that was fixed to the container according to 
Figure 1a. Hereafter, the plates were embedded in 3% 
gelatin, with at least 3 cm of gel surrounding the probes 
in each direction. To avoid air/gelatin boundaries in the 
vicinity of the plates, the remaining space in containers 
was filled with sodium chloride (0.9%).
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Imaging
The embedded samples were scanned on a 3  T MR 
scanner (Skyra, Siemens Healthcare GmbH, Erlangen, 
Germany). The plates were positioned along their 
longitudinal axis within the magnetic field in order 
to simulate plate orientation at the mandible body 
(Figure  1b). The imaging protocol consisted of a T2 
weighted [three-dimensional (3D-T2W)] space sequence  
[TE = 139 ms, repetition time (TR) = 2500 ms, slice 
thickness = 1 mm, 0.94 × 0.94 mm voxel size, matrix 
192 × 192, field of view (FOV) 180] and a T1 weighted 
(3D-T1W) volumetric interpolated brain examination 
(VIBE) technique (TE = 2.46 ms, TR = 5.8 ms, slice 
thickness = 0.5 mm, 0.5 × 0.5mm voxel size, matrix 
384 × 384, FOV 192) using a 32-channel head coil. To 

evaluate artefact reduction techniques, the following 
sequences were acquired:

T2W STIR with SEMAC in axial, coronal and 
sagittal orientation [TE = 40 ms, TR = 7500 ms, 
inversion time (TI) = 200 ms, flip angle = 140°, slice 
thickness = 3 mm, 0.4 x 0.4 mm voxel size, matrix 192 
× 192, FOV 160], T2w STIR (SEMAC_off) in axial, 
coronal and sagittal orientation [TE = 37 ms, TR = 
7500 ms, TI = 200 ms, flip angle = 140°, slice thickness 
= 3 mm, 0.4 × 0.4 mm voxel size, matrix 192 × 192, 
FOV 160], 3D isotropic T1W ultrashort  TE (UTE) 
in transversal orientation (TE = 0.06 ms, TR = 7.91 
ms, flip angle = 15°, slice thickness = 0.8 mm, 0.8 × 
0.8 mm voxel size, matrix 256 × 256, FOV 200) and 
a T1W volumetric interpolated brain examination 

table 1  Detailed manufacturer information on the specimen used in the study. 

Material Type of plate Length (mm) Height (mm) Thickness (mm) Manufacturer

1 Titaniuma  MatrixMANDIBLE mini 41.0 4.5 1.0 Synthesb

2 Titaniuma  MatrixMANDIBLE locking 48.0 7.0 2.0 Synthesb

3 Titanium%a  ProPlan CMF individual 40.0 8.0 2.0 Synthesb/Materialisec

4 Titaniuma  MatrixMANDIBLE locking 48.0 8.0 2.8 Synthesb

5 Magnesium Prototype 24.0 4.5 1.0 Meotecd

6 PLLAg,PGAh, PDLLAi,TMCj CPS 2.5 46.5 7.5 2.5 Inione

7 PDLLAi RapidSorb 42.0 7.5 1.2 Synthesb

8 PLLAg/PDLLAi Resorb X 42.0 6.5 1.2 KLS Martinf

9 GFRCj Skulle Individual 48.0 12.5 1.0 Skulle Implants Corporation6

GFRC, glass fibrereinforced composite; PDLLA, poly-D-L-lactide; PLLA, poly-L-lactide.
aPure titanium.
bDePuy Synthes, Umkirch Germany: Ti-6Al-4V.
cMaterialise GmbH, Leuven Belgium + DePuy Synthes, Umkirch, Germany.
dMeotec GmbH & Co. KG, Aachen, Germany.
eInion Ltd., Tampere, Finland.
fKLS Martin Group, Tuttlingen, Germany.
gPoly-L-lactide acid.
hPoly-glycolic acid.
iPoly D-L-lactide acid.
jTricalcium phosphate.
kGlass fibre reinforced composite: S glass with nominal composition of SiO2 62%, Al2O3 26%, MgO 10%, B2O3 1%, Na2O 0.5%, Fe2O3 0.2%. 
Glass fibre loading in dimethacrylate matrix: ca. 60 vol%.

Figure 1 Exemplaric illustration of plate positioning in a plastic container (a) and plate/container positioning in the magnetic field (b) RF, radi-
ofrequency.
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technique (UTE_longTE) in axial orientation (TE = 
1.23 ms, TR = 7.91 ms, flip angle = 15°, slice thickness 
= 0.8 mm, 0.8 × 0.8 mm voxel size, matrix 256 × 256,  
FOV 200).

Since SEMAC is only available as two-dimensional 
sequence, it was acquired in coronal, sagittal and 
transversal orientation in order to evaluate a potential 
dependence on acquisition orientation and the extent of 
artefact reduction.

It is technically not possible to use exactly the 
same sequence parameters for UTE and SEMAC 
as for the original T1W and T2W sequences, which 
could cause bias when directly comparing the arte-
fact extent in both techniques. Applying artefact 
reduction techniques significantly increases the scan 
time. Therefore, the image resolution was reduced 
in both UTE and SEMAC, to obtain images with 
acceptable acquisition times. Therefore, additional 
analogous sequences applying the same parameters 
as for UTE and SEMAC but without artefact reduc-
tion technique were acquired (UTE_long TE and 
SEMAC_off) to ensure optimal comparability. Both, 
SEMAC and UTE were only used for TI and MG  
plates.

MRI data evaluation
Two researchers (CR and SS) independently measured 
the plates length, thickness and width in millimetres 
as indicated by signal voids on T1W and T2W images 
(Figure  2). Identical window width and level were 
applied using open-source OsiriX software.

For 3D sequences (3D-T1W, 3D-T2W), measurements 
were conducted on axial, coronal and sagittal refor-
matted images. For two-dimensional images (SEMAC, 
SEMAC-off, UTE, UTE-longTE), measurements were 
performed for all acquired planes.

Mean values of Reviewers 1 and 2 were calculated 
for each measurement and used for all further analyses.

Statistical analysis
All statistical analyses were performed using the soft-
ware R (v. 3.2.0). The accuracy of size determination in 
MRI scans and corresponding ratios were calculated for 
T1W and T2W sequences for each material to assess the 
extent of artefacts produced by each fixation material 
and compare these between sequence techniques. The 
percentage of size overestimation was calculated as the 
size measured on MR images (corresponding to signal 
void), divided by the actual size of the plates (manu-
facturer’s data, Table  1). The extent of artefacts with/
without artefact reduction techniques was compared 
using paired t-test.

Results

Accuracy of size
All plates presented with a hypointense signal on T1W 
and T2W scans. Absolute and relative overestimation 
of size in 3D-T1W and 3D-T2W images are displayed in 
Figure 3 for each implant.

Overall the absolute and relative overestimation was 
significantly higher in T2W than in T1W images for all 
plates (p < 0.01).

Overall, TI plates showed higher absolute and rela-
tive size overestimation than polylactide and MG plates.

When comparing cumulative measurements of abso-
lute overestimation of all dimensions for each implant, 
Synthes 2.8 (TI) and Synthes PSI (TI) showed the most 
pronounced artefact extent in 3DT1W and 3DT2W 
images, while Inion CPS (PL) and GFRC (PL) presented 
with the least extent of artefacts (Figure 3). Of all TI 
plates, the Synthes 1.0 (TI) presented with the least arte-
fact extent. The amount of absolute overestimation was 
significantly associated with absolute plate thickness 
(p < 0.001, cor = 0.579) but not with plate length and 
height.

Artefact reduction techniques
The artefact reduction effect of UTE and SEMAC, i.e. 
the reduction of absolute overestimation is displayed in 
Figures 4 and 5.

Figure 2  Exemplaric illustration of plate fixation in containers (left) 
and illustration of measurement of absolute artefact dimensions by 
two independent investigators (right).
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UTE
Overall, the absolute amount of implant size overesti-
mation was significantly (p < 0.001) lower when using 
UTE [mean ± standard deviation (SD) ; 23.15 ± 18.34] 
in comparison to UTE_longTE scans (mean ± SD; 
27.11  ± 17.84). Mean absolute artefact reduction by 
UTE was significantly higher (p < 0.05) for measure-
ments in height (7.19 ± 3.95 mm) compared to implant 
length (2.20 ± 0.81 mm) and thickness (2.48 ± 1.15 mm).

When comparing different plates, the absolute 
amount of artefact reduction using UTE was lowest for 
Synthes 1.0 (TI) with a mean of 1.64 ± 0.98 mm, highest 
for Synthes 2.8 (TI) with 6.67 ± 5.93 mm. For all other 
TI plates, artefact reductions were comparable with the 
MG implant (Figure 4).

For SEMAC, the absolute overall amount of implant 
size overestimation was significantly (p < 0.001) lower 
when using artefact reduction technique (mean ± SD; 
22.587 ± 17.35726) in comparison to SEMAC_off scans 
(mean ± SD; 28.286 ± 19.46587), (Figure 5).

For SEMAC, mean absolute artefact reduction was 
significantly higher (p < 0.05) for measurements in 
length (7.10 ±  4.10 mm) compared to implant height 
(5.07 ± 3.69 mm) and thickness (4.92 ± 4.73 mm).

Variances in the amount of artefact reduction were 
significantly (p < 0.05) higher for SEMAC than for UTE 
techniques for length and thickness.

When comparing different plates, the absolute 
amount of artefact reduction using SEMAC was lowest 
for Synthes 1.0 (TI) with a mean of 1.22 ±  0.73 mm, 
followed by MG with a mean of 3.67 ± 2.71, while mean 

values for the absolute amount of artefact reduction 
were highest but comparable for all other TI implants 
Synthes 2.8 (TI) with 8.62 ± 5.93 mm, Synthes 2.0 (TI) 
with 6.68 ± 2.96 mm and Synthes PSI (TI) with 8.31 ± 
4.16 mm (Figure 5). Finally, Figure 6 provides an over-
view on each plate and used sequence in the study.

Discussion

Metal artefacts limit image quality in radiologic diag-
nostics and restaging of head and neck cancer patients. 
Impairment of image quality through fixation mate-
rials depending on the imaging modality used should 
be taken into consideration to achieve highest quality 
in diagnostics of primary or recurrent cancer. This may 
be achieved by using alternative (non-) metallic mate-
rials, including MG, polylactide and GFRCs as the 
base for patient specific solutions and as an alternative 
to TI. When TI use is inevitable, e.g. for biomechan-
ical reasons, a reduction of the extent of the induced 
artefacts should be aimed for. In this regard, special 
scan protocols including UTE and SEMAC may help 
to reduce the amount of artefact pronunciation. This 
may still increase diagnostic image quality, although the 
use of these protocols limit sequence parameters and 
thus reduce image resolution. Further, the reduction of 
material dimensions thickness and height may help to 
improve image quality and diagnostic value.

In the present in vitro study, MG, polylactide and 
GFRC plates produced less artefacts than TI plates 

Figure 3 Absolute and relative overestimation in three dimensions in T1W and T2W of different fixation plates. GFRC, glassfibrereinforced 
composite; MG, magnesium; PL, polylactic acid; TI, titanium.
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of varying thickness and design when imaged with 
3.0 T MRI, while artefacts on T1W images were more 
pronounced than those on T1W images. Plate dimen-
sions had a significant impact on the absolute extent of 
artefacts, however increasing thickness, length and width 
had no influence on the relative amount of susceptibility 
artefacts. UTE and SEMAC for metal artefact reduc-
tion both significantly reduced the extent of artefacts.

Conventional techniques
For the reduction of metal artefacts several techniques 
are available. For patients with plates and screws adja-
cent to the bone and with oncological questions, a 1.5 T 
instead of a 3 T may be used, since decreased magnetic 
field strength is known to reduce metal artefacts.15 Also, 
with increasing artefact level at 3 T, artefact reduction 
with currently available techniques is limited in several 
aspects, including the maximum power of the gradient 

and radiofrequency transmit hardware or patient 
heating.15 However, since image resolution is increased 
in 3  T, the use of metal artefact reduction sequences 
may be more favourable than changing the respective 
scanner. Another conventional approach for the sake 
of improved oncoradiological diagnosis is to use T1W 
instead of T2W sequences, since metal artefacts are being 
reduced with shorter TEs. Accordingly, in our study, 
artefacts of all metal plates were more pronounced in 
T2W sequences.

UTE and SEMAC
This is also the guiding principle behind UTE sequence 
with a significant reduction of artefacts for all metallic 
(TI and MG) systems used in the current study. With 
UTE, artefact reduction was highest for plates with the 
largest dimensions and the effect was mostly pronounced 
for the plates’ height, accordingly the diameter that was 

Figure 4 Reduction of absolute artefact overestimation for titanium and magnesium plates using UTE in comparison to UTE_longTE. UTE, ultra-
short echo time.
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placed in the z-direction. This is not surprising, since 
implant positioning is known to be a relevant influ-
ence variable for the extent of artefacts and those are 
expected to be lowest in the longitudinal axis of a metal 
plate.

SEMAC combines VAT and a reduction of additional 
through-plane distortions by correcting for signal that is 
excited in wrong slice positions and is thus superior to 
standard MR sequences, high bandwidth protocols and 
simple VAT.15,28–31 In the current study, the absolute arte-
fact reduction increased with plate dimensions. Interest-
ingly, contrary to UTE, the extent of artefact reduction 
in different directions was non-uniform.

Regarding the potential usefulness of SEMAC 
and UTE pulse sequences to reduce TI-induced metal 
artefacts in MRI, our results are in accordance with 
previous studies.28–32 Lu et al29  demonstrated the efficacy 
of SEMAC with feasible scan times for the spine and 
knee region.  Reichert et al30  demonstrated improved 
image quality in both, tissue specimen and human 
imaging. While the image quality seems to be superior 
to conventional and alternative scan protocols including 
VAT regarding metal artefact production, this method 
increases scan time, which is disadvantageous in clin-
ical routine.30 Since a longer period of motionless posi-
tioning may be even more problematic to patients with 

or in condition after diagnosis and surgical treatment 
of malignoma of the oral cavity including complicated 
airway management and swallowing during prolonged 
lying, the clinical feasibility of this protocol in tumour 
aftercare programs has yet to be demonstrated. Also, 
for both UTE and SEMAC, future studies will have to 
proof clinical usefulness regarding diagnostic specificity 
and sensitivity of primary and recurrent head and neck 
cancer.

Plate design and material thickness
Regarding the type of  system for fixating osseous free 
flaps at the jaws, to date there is no accepted standard. 
This may partially be attributable to the lack of  valid 
data regarding clinical, biomechanical and radiolog-
ical aspects of  each system. Compared to the use of  1.0 
mm miniplates, thicker plates were recently discussed 
to potentially increase the rate of  soft tissue compli-
cations especially in combination with radiotherapy, 
but no significant difference was found in a compara-
tive analysis.33 Regarding biomechanical aspects, there 
are studies promoting miniplates34 or reconstruction 
plates.35 CAD/CAM plates have recently been demon-
strated to increase fixation stiffness in comparison to 
conventional systems,36 but it is yet unknown, which 

Figure 5  Reduction of absolute artefact overestimation for titanium and magnesium plates using SEMAC in comparison to SEMAC_off. MG, 
magnesium; SEMAC, slice encoding for metal artefacts; TI, titanium.

http://birpublications.org/dmfr


 birpublications.org/dmfr

8 of  11

Dentomaxillofac Radiol, 47, 20170361

 Fixation plates-induced artefacts @ MRI
Rendenbach et al

stiffness and thus interosteotomy gap movement range 
is optimal for bone healing. Implant size and mate-
rial are relevant parameters for artefact induction 
and a symmetric and complex shapes and sharp edges 
in particular are disadvantageous.15,37,38 In consider-
ation of  the results of  our study, plates with reduced 
measures in all dimensions (length, width, thickness) 
seem more favourable. However, without the combi-
nation of  plates and screws simulating a realistic 
fixation type for standard reconstructions, yet no 
final conclusion can be drawn. For example, a one 
segment mandible reconstruction with a fibula free 
flap can be fixed with either 4 miniplates with mono-
cortical screws or one reconstruction bar of  varying 
thickness, height and length with only few or many 
mono- or bicortical locking or non-locking screws. 
Alternatively, patient specific plates with asymmetric 
design and only as many holes as needed for screw 
fixation and thus increased material consumption can 
be used. According to the results of  our study, more 
metal is associated with more artefacts and CAD/
CAM plates as we know them from several manu-
facturers, induce significantly more artefacts in MR 
imaging. Thus, adaptions of  design may be necessary 
in order to increase postoperative imaging quality for 
the sake of  potential recurrent cancer detection.

Biomaterials
In the current study, all tested materials induced signifi-
cantly less artefacts compared to TI. Despite the fact 
that it is not possible to draw final conclusions regarding 
absolute artefact induction when comparing plates of 
different design and diameters, certain trends become 
obvious from the results of this study.

Regarding biostable GFRC, patient individual 
implants made of this material were successfully used 
for the reconstruction of midfacial defects and cranio-
plasty.20,39–42 Recent investigations proved it promising 
for further clinical applications because of its excellent 
mechanical properties and osteoconductive potential 
when used in combination with bioactive glass partic-
ulates.19,26,39,43,44 However, to date, this material has not 
been used for the fixation of osseous flaps or in trauma 
cases and therefore, implants and fixed most often with 
self-drilling TI screws. For the fixation of implants 
of this kind, there is no screw of the same material 
provided to date. Accordingly, when considering GFRC 
for midfacial or even mandible reconstructions in 
combination with osseous flaps, biomechanical testing 
with special regards to material interface of plates and 
screws of varying material, most likely TI, is needed. 
In this regard, it will be important to analyze potential 
inflammatory reactions towards composite, glass-fibres 
and bioactive glass particulates. Recently, GFRC has 

Figure 6 Illustration of all plates and sequences used for each plate. SEMAC, slice encoding for metal artefacts; UTE, ultrashort echo time.
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been demonstrated to cause only moderate inflamma-
tory reactions in a critical size calvarial bone defect.45 
Whether or not this response may be increased if  cyclic 
dynamic loading causes friction between TI screws and 
GFRC plates, will have to be critically reflected. GFRC 
has radiopacity close to that of cortical bone. Higher 
radiopacity and slightly more visible artefacts of the 
GFRC compared to polylactide is due to glass fibres in 
the polymer matrix.

Bioabsorbable plating systems based on synthet-
icPLLA or PDLLA are known to provide less fatigue 
strength compared to TI. In this regard, the Inion 
system, among others, was recently demonstrated to 
be superior to the products of other manufacturers.46–48 
However, reasonable polymers may be used in situations 
where loading forces are expected to be low.16,17 This 
applies for midfacial reconstructions and, referring to 
postoperative bite force analyses, may also be attrib-
utable to patients after mandible reconstruction.49,50 
Accordingly, a recent investigation on free flap recon-
structions demonstrated clinical feasibility.51 However, 
biomechanical studies setting resorbable plates under 
torsion strength should be performed, before clinical 
application may be recommended. Additionally, the 
degradation process, which is mainly acidic hydrolysis, 
may be unfavourable for reconstructive osseous indica-
tions, because it has been correlated with impaired bone 
and wound healing as well as increased foreign body 
reactions52,53 

MG has not been extensively used for clinical appli-
cations due to its rapid degradation causing hydrogen 
gas formation and inflammatory response.24 However, 
recent investigations with uncoated and modified MG 
alloys showed promising results with increased cyto-
compatibility in vitro and in vivo.21,54 In contrast to poly-
lactide, MG degradation is alkaline and the byproducts 
further react with physiological compounds in a bone 
promoting manner.52 In comparison to TI, MG plates 
produce less susceptibility artefacts, which may further 
encourage studies and developments towards a clini-
cally advisable fixation system. Since SEMAC and UTE 
reduced metal artefacts also for MG, using metal arte-
fact reduction sequences may help to improve diagnostic 
image quality in these patients, too.

Limitations
Even although our study was particularly chosen to 
simulate the clinical setting, a limitation of the present 
study was its in vitro setup. However, distinct positioning 
of the plates in the scanners mimicking the clinical 
setting and the application of standard protocols, dedi-
cated for head and neck imaging in patients in the clin-
ical setting were applied to obtain measurements closely 
reflecting the in vivo situation.

Nevertheless, it is only partially possible to simulate a 
clinical situation, since in vivo, the presence of adjacent 

anatomical structures can influence intensity measure-
ments. Therefore, the intensity and geometric distribu-
tion of artefacts in MRI could have been modified by 
the in vitro setup.

Also, the use of plates of different size and diameter 
is a critical aspect when comparing artefacts in MRI. 
From a technical and conceptional point of view, the 
comparison of same size and design plates, e.g. all 
miniplates, could deliver more valid data regarding 
the extent of absolute artefacts, when the question was 
to exactly compare the artefact potential of different 
biomaterials. For a more profound understanding, also 
TI plates and alloys of different manufacturers could 
have been included.

Accordingly, further studies are needed to test, 
whether the differences reported here in artefact induc-
tion will hold true after combination of  different 
plating systems with fixation screws inserted into bone. 
While the generally increased dimensions of  locking 
fixation plates have caused significantly more imaging 
artefacts in both, T1W and T2W sequences compared to 
miniplates, this might not be the case adjacent to bone. 
In this regard, also the number and type of  fixation 
screws will have to be evaluated, since (locking) screws 
for reconstruction plates are usually longer and thicker 
than screws used in combination with miniplates, 
but more screws are needed to fix a transplant with 
miniplates.

conclusion

In conclusion, the knowledge about the amount and 
distribution of artefacts induced by different fixation 
plates of various materials might help to support the 
decision for choice of implant material in the clinical 
setting. According to our results, PL, GFRC and MG 
plates seem to produce less susceptibility artefacts in 
MRI compared to TI. Furthermore, the dimensions of 
TI implants directly influence artefact extension. With 
SEMAC and UTE, metal artefacts can be reduced 
significantly. Future studies are needed to evaluate arte-
facts of plates and screws adjacent to bone and soft 
tissue and to compare different methods of fixation with 
same size plates.
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