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Introduction

Abstract: Radiographs are commonly used to assess articular reduction of the distal tibia (pilon) fractures
postoperatively, but may reveal malreductions inaccurately. While magnetic resonance imaging (MRI) and
computed tomography (CT) are potential three-dimensional (3D) alternatives they generate metal-related
artifacts. This study aims to quantify the artifact size from orthopaedic screws using CT, 1.5T and 3T MRI
data. Three screws were inserted into one intact human cadaver ankle specimen proximal to and along the
distal articular surface, then CT, 1.5T and 3T MRI scanned. Four types of screws were investigated: titanium
alloy (TA), stainless steel (SS) (@ =3.5 mm), cannulated TA (CTA) and cannulated SS (CSS) (@ =4.0 mm, &
empty core =2.6 mm). 3D artifact models were reconstructed using adaptive thresholding. The artifact size
was measured by calculating the perpendicular distance from the central screw axis to the boundary of the
artifact in four anatomical directions with respect to the distal tibia. The artifact sizes (in the order of TA, SS,
CTA and CSS) from CT were 2.0, 2.6, 1.6 and 2.0 mm; from 1.5T MRI they were 3.7, 10.9, 2.9, and 9 mm;
and 3T MRI they were 4.4, 15.3, 3.8, and 11.6 mm respectively. Therefore, CT can be used as long as the
screws are at a safe distance of about 2 mm from the articular surface. MRI can be used if the screws are
at least 3 mm away from the articular surface except for SS and CSS. Artifacts from steel screws were too
large thus obstructed the pilon from being visualised in MRI. Significant differences (P<0.05) were found in
the size of artifacts between all imaging modalities, screw types and material types, except 1.5T versus 3T
MRI for the SS screws (P=0.063). CTA screws near the joint surface can improve postoperative assessment
in CT and MRI. MRI presents a favourable non-ionising alternative when using titanium hardware. Since
these factors may influence the quality of postoperative assessment, potential improvements in operative

techniques should be considered.
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Intraarticular fractures of the distal tibia (pilon) are among
the most complex injuries of the lower limb (1). Achieving
anatomical reduction of the fragments is technically difficult
and sometimes impossible, even for the experienced
surgeon (2). Plain film radiographs are traditionally used to
assess the quality of anatomical reduction of pilon fractures
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after open reduction and internal fixation. However,
they have been shown to poorly demonstrate articular
incongruities of the tibial pilon, especially in the rotational
and translational alignment of the malreduced fragments
(3,4). Other studies have also shown similar findings for
tibial plateau (5) and acetabulum fractures (6). In addition,
depending on the severity of the fracture, location of
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orthopaedic implants used, and the position of the ankle
at the time the radiographic examination is conducted,
fracture fixation plates and screws may obstruct the features
of the articular alignment (7) and can be over-projected (8),
thus does not allow clinicians to visually assess the quality
of joint reduction accurately. Moreover, plain radiographs
are projected in 2D, therefore cannot help distinguish the
subchondral lines of reduced and non-reduced individual
fragments, since the distal articular surface is three-
dimensional (3D) in reality.

Nevertheless, it is important to assess the quality of the
articular reduction as studies have shown that irregular
load distributions in the articular surface resulting from
malreduced fragments can contribute to posttraumatic
arthritis (9), sclerosis and osteophyte formation (10).
Other medical imaging modalities such as computed
tomography (CT) and magnetic resonance imaging (MRI)
are alternatives to radiographs as they can produce 3D
volumetric datasets of bones and its articular surfaces.

However, due to burden on facilities, increased radiation
exposure and costs compared to radiographs, postoperative
CT scans of pilon fractures are only obtained for complex
cases and not conducted on a routine basis. MRI on the other
hand is non-radiation based and provides superior imaging
of the cartilage and other soft tissue structures. Although
the use of MRI has primarily been on the assessment of
soft tissue injuries of the ankle (11), two recent studies by
the authors have shown that MRI based 3D models of long
bones are of comparable accuracy to those generated from
CT data (12,13). Most of the modern commercial fracture
fixation implants do not contain any ferromagnetic material
and are safe for patients to undergo MRI scans at 1.5T and
3T (14,15). Therefore, MRI offers great potential as a single
imaging modality and non-radiation based alternative to CT
for postoperative assessments.

Unlike for plain radiographs, a factor that affects
postoperative image quality of both CT and MRI is the
presence of metal related artifacts caused by the fracture
fixation implants. These artifacts degrade the image quality
and often obstruct the bone and articular structure from
being visualised, thus preventing clinicians from assessing
the quality of surgical reduction. In CT, metal artifacts
are typically seen as bold and starburst streaks resulting
from beam hardening, partial volume effects and missing
projection data (16). Susceptibility artifacts in MRI are
seen as bright and dark blotches in images due to signal
mismapping and dephasing (17). The volume of these
artifacts also depend on the size, shape, composition and the
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position of the implants with respect to the X-ray beams and
magnetic fields of CT and MRI scanners respectively (18).
In spite of these shortcomings, recent studies have reported
that suitable CT and MRI protocols can significantly reduce
the amount of such artifacts, therefore help to minimise the
amount of image distortions (16,17,19-23).

Although CT is often implicated with high radiation
dosages, there have been recent technical advancements in
the medical manufacturing industry with the development
of suitable algorithms and protocols specifically catering
for dose reduction (24) while at the same time aiming
to preserve image quality (25). An example is the iDose
protocol (Philips Medical Systems) utilised in this study.
iDose utilises low energy and low dose contrast imaging,
and is an iterative reconstruction technique capable of
personalising the image quality depending on the needs
of patients (26). From the same manufacturer, a post-
processing algorithm is also available for the metal artifact
reduction for orthopaedic implants (O-MAR) to effectively
reduce the amount of metal artifacts generated from
orthopaedic implants and subsequently minimize image
degradation and distortions (27).

There are numerous studies that have assessed the extent
of metal related artifacts for different imaging modalities,
implant materials, implant types and anatomical regions
(16,18,28,29). Most of these studies have focussed on
2D qualitative assessments. Although Moon et a/. [2008]
have quantified the 3D volume of metal artifacts in CT,
a volumetric measurement on its own does not provide
information of the dimensions of the artifact. To the best
of our knowledge, there are no published manuscripts that
specifically quantify and compare optimally reduced metal
artifacts of common orthopaedic screws for pilon fracture
treatment across three clinical imaging modalites (CT, 1.5T
MRI and 3T MRI).

Therefore, the first objective of this study was to develop
a simple method for the quantitative assessment of metal
screw artifacts in 3D and in relation to the articular surface
of the tibial pilon. The second objective was to apply this
method to quantify and investigate the effects of imaging
modality, screw type and material on the extent of the
resulting metal related image artifact.

Materials and methods
Preparation of specimen

One female fresh frozen intact human cadaver specimen
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(knee to foot) was acquired from the body bequest program
at the Medical Engineering Research Facility (MERF),
Queensland University of Technology (QUT). The age of
the specimen was 90 years old, and amputated from a left
leg. The specimen was kept frozen at =20 °C at all times
except for scanning sessions and surgical procedures.

This specimen was defrosted 24 hours prior to the
surgical insertion of metal screws. An L-shaped incision of
about 6 cm in the anterolateral approach was made with
a surgical blade to expose the tibial plafond. Utilising the
C-arm fluoroscope for imaging and with the aid of K wires,
three holes were drilled with a diameter of 2.8 mm at three
different distances proximal to and along the distal tibial
articular surface.

Three metal screws of the same type and material were
inserted into the holes. For this study, four different types of
metal screws (Synthes, Oberdorf, Switzerland), commonly
used in combination with small fragment locking plates,
were investigated: titanium alloy (TA) TiAl,Nb; self-tapping
locking screw, stainless steel (SS) self-tapping locking
screw (thread © =3.5 mm, length =40 mm); cannulated TA
(CTA) long threaded screw, and cannulated SS (CSS) long
threaded screw (thread @ =4.0 mm, empty core & =2.6 mm,
length =40 mm).

After the insertion of the screws, the skin flaps were
closed with nylon thread, and the specimen was sealed in
two plastic bags. The specimen was first scanned on all
modalities with TA screws. Subsequently they were replaced
with a set of SS screws and the specimen was rescanned. The
same process was repeated for the cannulated screw sets.

Acquisition of CT and MRI data
CT

The specimen was positioned on the scan table by aligning
the long axis of the tibia with the long axis of the CT
scanner (Philips Brilliance 256-slice CT).

The following CT protocols were used: Tube voltage of
120 kVp, X-ray tube current of 190 mA, slice thickness of
1 mm, slice spacing of 0.5 mm, B convolution kernel, thus
giving a resulting voxel size of 0.21 mm x 0.21 mm x 0.5 mm.
The iDose function (low dose) was used for all of the CT
scans. However, O-MAR post-processing was only applied
for the TA and CTA screws as pilot scans showed that screws
made of steel introduced grey streaks, thus reducing instead
of improving the image quality.

The images were saved in the digital imaging and
communications in medicine (DICOM) format.
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MRI
The specimen was positioned on the bed with the spine array
in place and covered with a body matrix receive coil. Following
localizer images, sagittal images were aligned along the long
axis of the tibia using the 3D FLASH VIBE sequence with
the following parameters: TR =11 ms, TE =1.87 ms, number
of averages =2, flip angle =10°, pixel bandwidth =488, FOV =
120 mm x 140 mm, slice thickness =0.5 mm, reconstruction
matrix =512x256 pixels, in-plane resolution =0.5 mm x 0.5 mm.
This process was repeated with the 1.5T MRI scanner
(Siemens Magnetom Avanto) using the same protocols as
the 3T MRI (Siemens TRIO).

Reconstruction of 3D bone and metal artifact models

All the CT and MRI data acquired was imported into
the image processing software, Amira 5.3 (VSG, France).
Based on a semi-automatic threshold method developed by
Rathnayaka [2011], the segmentation of bony contours was
applied to reconstruct the 3D bone models. This process
was repeated again to segment the boundary of the metal
artifact so as to generate representative 3D models. After
that, all 3D models were saved in STL-format for importing
into reverse engineering software (Rapidform 2006, INUS
Technology, Korea) for conducting the quantitative 3D
assessment of the artifacts.

Alignment of screw models

To quantify metal artifacts produced from each type of
screw, the alignment of 3D screw models relative to the
metal artifact models must first be established so that
the measurements for the extent of metal artifacts can be
calculated from the central axis of the screw to the boundary
of the artifact in four orthogonal directions with respect to
the distal tibia for each dataset.

"To correctly position the screws relative to the CT scans,
TA screws were used as a reference by aligning the three
screw models (provided by Synthes GmbH) in the centre
of the artifact model with a trackball function. The position
of the screw models was subsequently validated against the
CT images (Figure 1). This position was replicated for all
other CT data by using a fine registration function to align
the screw models to the CT-generated bone models. Fine
registration is based on the iterative closest point algorithm
(ICP) (30,31) (Figure 1).

For the positioning of all the screws in MRI scans,
the fine registration function was used to align the MRI-

Quant Imaging Med Surg 2014;4(3):163-172



166 Radzi et al. NA

Figure 1 Three screw models were aligned relative to their corresponding metal artifact using a trackball function in Rapidform 2006,
after which their correct positions were verified by importing them into Amira 5.3 to be checked against the computed tomography (CT)
image. Then, to align them relative to their respective CT bone model (in green), a fine registration function was used in Rapidform 2006.
As for the alignment of the MRI bone model (in blue) together with its corresponding screws, they were registered with respect to the CT
bone model, and the correct screw positions were again validated against the magnetic resonance imaging (MRI) data in Amira 5.3. (A)

Positioning of screws using the trackball function; (B) Verifying the correct position of the screw relative to the CT image; (C) Alignment of

CT (in green) and MRI (in blue) bone model using the fine registration function.

T A LA A T T T b

Figure 2 Fitting a curve (numbered 2) along the artifact medially
with respect to the central axis of the screw (numbered 1). The
same process was repeated to create curves in the lateral, superior
and inferior directions. The two rectangular-shaped surfaces
(dotted lines named A and B) demarcate the region of interest in

the subchondral area of the bone.

generated bone model to the CT-generated bone model,
then its screws were positioned relative to the CT bone
model. Again, the correct positions of the screws were
validated against the MRI data.

The above-mentioned procedure was repeated with
three cannulated screw models, and then saved as model
files (MDL) for quantitative analysis to be carried out in
Rapidform 2006.

Quantitative analysis of metal artifacts

A simple method was developed to conduct a quantitative
comparison between the different artifact models in
Rapidform 2006. As we are interested in the extent of
the artifact in relation to the articular surface of the
pilon, we established a coordinate system based on the
anatomy of the distal tibia. The artifact measurements
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were taken approximately perpendicular to the articular
surface and in the superior-inferior (SI) direction of the
distal tibia following the alignment of the anatomical axis.
Measurements in the medial-lateral (ML) direction were
taken perpendicular to the anatomical axis. With this
coordinate system, the distance between the central axis of
the screw to the boundary of the artifact can be measured
in four orthogonal directions: superior, inferior, medial and
lateral with respect to the distal tibia. Then, two surfaces
were demarcated along the body of the screw to serve as a
start and end point of the dimensions to be measured, and
to focus on the artifacts generated in the subchondral bony
region and the distal articular surface. Then, two curves
were fitted along the boundary of the artifact in the SI and
ML directions and cut using the two surfaces, resulting in
four separated curves in the four orthogonal directions.

To measure the perpendicular distance from the central
axis of the screw to the boundary of the artifact, the
‘Curve/curve Deviation’ function was used by selecting the
directional curve of interest and the central axis, respectively
(Figure 2). This function calculates the average distance
between all corresponding points along the two curves of
interest and its standard deviations.

The same procedure was repeated for the remaining two
screws and to all other artifact models. For each artifact
model, the average distance was calculated from the four
directions, along with its standard deviation. However, as
two screws were located in close proximity to each other,
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1.5T MRI 3T MRI

Figure 3 CT and MRI images of the pilon with the inserted
screws. First row, TA screws; Second row, SS screws; Third row,
CTA screws; Fourth row, CSS screws. Grainy streaks were present
in MR images with the steel screws. CT, computed tomography;
MRI, magnetic resonance imaging; TA, titanium alloy; SS, stainless
steel; CTA, cannulated TA; CSS, cannulated SS.

some artifacts overlapped in between the screws in the ML
direction. Therefore, for these cases the measurements in
the ML direction were not included.

Statistical analysis

A paired 7-test with a two-tailed distribution was conducted
(Microsoft Excel 2007). This is to assess whether there are
significant differences in the size of artifacts generated between
the three imaging modalities, screw types and material types. A
P<0.05 was considered statistically significant.

We have also conducted a repeatability analysis using
the 1.5T MRI dataset, for the artifacts generated by the
CTA screws. This was done by repeating the segmentation
and quantification process, and applying the paired 7-test
between the initial and repeated results.
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Results

For all of the imaging modalities and screw types the cross
sectional shape of the generated artifacts appeared non
uniform relative to the screw centres (Figure 3). The mean
artifact sizes (in the order of TA, SS, CTA and CSS) from
CT were 2.0, 2.6, 1.6 and 2.0 mm; from 1.5T MRI they
were 3.7, 10.9, 2.9 and 9 mm; and from 3T MRI they were
4.4,15.3, 3.8 and 11.6 mm respectively (Figure 4).

From Table 1, all P values were statistically significant
(P<0.05) for all imaging modalities except 1.5T versus 37T
MRI for the SS screws (P=0.063). The artifacts generated
by CT were significantly lower than those generated from
MRI.

Overall, metal artifacts generated from the 3T MRI were
the largest, followed by 1.5T MRI and CT across all four
types of screws. Additionally, cannulated screws produced
smaller artifacts compared to non-cannulated for all three
imaging modalities.

The repeatability analysis showed that the artifact size
for the CTA screws from 1.5T MRI was 3.2+0.3 mm. We
compared this with the results from our study (2.9+£0.3 mm),
and found that there were small differences of 0.3 mm, but
they were statistically insignificant (P=0.18).

Discussion

Achieving anatomical reduction of a fractured pilon is
fundamental in ensuring a successful surgical outcome.
However, the predominant use of radiographs to assess
the quality of articular reduction cannot provide an
accurate representation of the malreduced fragments. A
potential alternative is the use of CT and MRI as they can
provide a 3D representation of the distal articular surface.
Nevertheless, orthopaedic implants have been widely
known to distort the quality of these medical images, and
the impact of these artifacts on the visibility of the articular
surface remains uncertain. Therefore, this study aimed to
quantitatively compare the extent of artifacts generated
from common orthopaedic screws using a human cadaver
ankle specimen.

When comparing the extent of the artifacts with the
radius of the screws, three (CT: TA, CTA and CSS) were
found to be smaller or of the same size. This suggests that
the gap between the surface of these screws and the joint
can be about 2 mm away from each other to prevent the
artifacts from interfering with the imaging of the pilon.
However, the extent of artifacts were larger for MRI (1.5T
and 3T MRI: TA and CTA), so the gap should be at least
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Figure 4 Quantitative comparison on the extent of metal artifacts
between the four types of screws and their associated imaging
modalities. Distances are measured from the screw axis to the

boundary of the image artifact.
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3 mm. SS and CSS screws were unfeasible for MRI imaging
of the pilon as their artifacts were too large and did not
allow the articular surface to be clearly visualised (Figure 3).

In clinical applications, 3.5 mm cortex screws are
typically used for the preliminary reduction and stabilization
of articular segments (32). As such, the results of our study
can help provide an indication regarding the minimum
distance required between the surface of the screw and the
joint for a clear visualisation of the pilon by considering the
extent of the artifacts and its associated screw radii.

This study has also shown that the artifacts generated
from 3T MRI were larger than from 1.5T MRI, and
this was similarly observed in two other studies (18,19).
However, it is important to note that the image quality
in 3T is higher compared to 1.5T MRI due to its higher
signal to noise ratio (SNR) and contrast to noise ratio
(CNR) in the distal articular region (20,33), resulting
in the production of high resolution MR images of the
trabecular bone and tendons in the foot and ankle while at
the same time reduce scan times (34). To be able to retain
a high resolution image while at the same time generate
smaller artifact area in 3T MRI, possible solutions include
increasing the readout bandwidth (19,20), incorporating
advanced software platforms such as slice-encoding metal
artifact correction (SEMAC) and multi-acquisition with
variable resonance image combination (MAVRIC) (17), and
reducing echo time (18).

One probable source of measurement errors would
be due to the non-uniformed shape of the steel-based
susceptibility artifacts. They were especially apparent from
steel screws scanned using the 3T MRI scanner (Figure 3).
This would imply that the measurements recorded may
vary depending on how the SI and ML reference planes
were defined. The shape of the artifacts generated from
CT images using TA and CTA screws were also slightly
elongated in the ML direction compared to the SI direction
in relation to the distal tibia. Nevertheless, even with the
small dimensional differences and non-uniformed shape,
these would not have provided a negative impact on the
obtained outcome because the region we are interested in is
the perpendicular distance (SI) between the surface of the
screw to the joint for our intended application. According
to Schenck (34) and Gill (35), the magnetic susceptibility
of SS (3,520x10° to 6,700x10° ppm) is higher than titanium
(182x10° ppm), hence directly influences the size of the
artifact produced, which may explain why steel-based
susceptibility artifacts are larger than those from titanium.
Geometric artefact distortions are also evident in these MR
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Table 1 Statistical significance of measurements

169

P values Titanium Steel Cannulated titanium Cannulated steel
CTvs. 1.5T MRI 0.005 0.006 0.001 0.002
CT vs. 3T MRI 0.003 0.013 0.005 0.005
1.5T vs. 3T MRI 0.020 0.063 0.027 0.032

CT, computed tomography; MRI, magnetic resonance imaging.

images due to signal shifts from the region of interest, which
comes from frequency variations in the magnetic field due
to higher and lower gradient locations around the hardware
(23,36). Since steel has larger magnetic susceptibility values
than titanium, larger frequency variations may be produced,
which increases the geometric distortions and result in
artifact non-uniformities.

Another probable source of errors could come from
the segmentation process. Streaks were found on the MRI
images generated from the steel screws, which extended to
the talar dome. These streaks appear to be of a different
texture compared to the steel susceptibility artifacts, i.e.,
they were projected as grainy surfaces instead of blotches
(Figure 4). Then again, although these streaks were removed
as they were considered as a separate entity to the metal
artifacts, they would not have changed the outcome if they
were included because SS was found unsuitable for MRI of
the pilon. A potential improvement in image quality would
be to utilise the 8-channel or dual channel quadrature
extremity foot and ankle coil (17), though this is more
suitable for TA and CTA screws. We were unable to assess
this due to its unavailability at the time of scan.

Repeating the scans was not possible due to limited
funding and access to the scanners. Therefore, a
repeatability analysis was conducted. From this, the
negligible differences in the size of the artifacts from the
CTA screws (1.5T MRI) were found to be 0.3 mm between
the reported and repeated results. Since its P value was also
insignificant (P=0.18), the small reproducibility errors may
be ignored for the rest of the datasets as they would not
have affected the clinical outcome of the study. This was
supported by several other metal artifact studies (37-41).

CT has been well-regarded as the current gold
standard for the acquisition of morphological data for
the reconstruction of 3D bone models (42). Even though
we report that CT produces significantly lower (P<0.05)
artifacts compared to MRI, ionising radiation exposure
cannot be completely eliminated. Calculation of radiation
doses were not included in this study to determine the CT
dose index (CTDI), therefore the comparison of doses
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between standard CT protocols and those with iDose
cannot be assessed. However, the post-processing technique
iDose allows an improved image quality as it reduces noise
in the images. We have compared the standard deviations
in relation to noise between the conventional filter-back
projection (FBP) technique and iDose, and have found
that the values in iDose (9.1) were smaller than FBP (14.0).
With the reduction in noise, iDose can potentially help
reduce radiation exposure in a patient, though its CTDI
values need to be calculated to gain a better understanding.

Cannulated screws near the joint surface produce
smaller-sized artifacts, which is advantageous in MR
imaging applications. MRI can also be presented as a viable
postoperative imaging modality and is appropriate for long
term clinical studies and clinical management due to its
non-ionising capabilities as long as adequate resolution
is used to visualise images of the pilon, and if the screws
are further than 3 mm from the joint line. In terms of
differences in material properties between titanium and SS,
titanium is less stiff than steel, thus beneficial as it promotes
fracture healing and lower infection rates (43,44). Although
there is emerging trend of using TAs for internal fracture
fixation due to its improved biocompatibility compared
to SS, both materials satisfy the main clinical outcome of
fracture fixation, which are to achieve accurate anatomical
reduction of the fracture fragments, stabilise and restore
the function of the joint (45). By recognising these factors,
surgical and imaging techniques can be further improved to
optimise patient care in the future.

Limitations in this study include not examining the
extent of metal artifacts from other types of orthopaedic
implants. Distal tibia fractures often require a combination
of plates and screws for accurate anatomical reduction.
However, fixation plates are normally located along the
medial malleolus or the anterior-lateral region of the distal
tibia as compared to screws which are in closer proximity
to the articular surface. In a pilot scan with medial and
anterolateral titanium plates, the results showed that the
artifacts from the plates did not extend to the articular
surface for CT and MRI. Based on this, the extent of
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artifacts from screws needs to be prioritised, though the
artifacts can be compounded if there are many screws
located close to each other.

A few pilon fracture studies have reported that the
threshold error for the malreduced fragments is restricted to
less than 2 mm displacement from the original anatomical
position to prevent post-surgical complications such as
schlerosis and osteophytes (46-48). Other biomechanical
studies have reported that an articular incongruity as small
as 1 mm was found to produce detectable alterations in the
stress distributions of the joint and resulted in asymmetrical
loading and associated degenerative changes (49-51). CT has
shown to detect articular step-offs between bony fragments
in the acetabulum (52) and the tibial plateau (53), but proved
to be short in the assessment of cartilage thickness in post-
pilon fractures (41). In addition, CT exposes a patient
to radiation. MRI is not only radiation-free, but also the
only modality that truly assesses the articular step between
the cartilaginous surface on the various displaced joint
fragments, though its accuracy in detecting the displaced
cortical fragments need to be further examined.

Some shortcomings of MRI in the clinical setting is that
their images are more expensive, usually more difficult to
access in terms of resource allocation, and takes a longer
time for acquisition versus CT. On the other hand, these
would not be an issue for the assessment of reduction
and potential arthrosis from post pilon fractures in the
orthopaedic out-patient scenario, because there is no
absolute urgency to obtain the images. In this case, the
surgeon can minimise radiation exposure at the request of
acquiring MR images. Based on other studies conducted
by the same research group, an MRI scan for the whole leg
took about 45-65 mins (13,33), during which the leg was
scanned in 4-5 stages of 10-12 min scans. This was tolerated
by the volunteers who were able to keep their leg still
during the individual scanning stages. This suggests that
our MRI protocol of 13 mins can also be tolerated since the
duration of the scan is similar to that of the previous MRI
studies. However, CT can be an alternative for patients
suffering from claustrophobia.

We did not examine the heterogeneities in both the
CT and MR images. However, we have kept the technical
factors such as the alignment of the screw relative to the
long axis of the scanners and the protocols the same, hence
the heterogeneities associated with the field of view would
remain negligible for the purpose of this study.

We did not assess the size of artifacts with the presence
of fractures and with more screws, thus may imply that CT
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and MRI protocols need to be further optimised to provide
an accurate delineation of malreduced fragments. This is
the objective of a current follow up study. The outcome
of this follow-up study will potentially contribute to
minimising or eliminating unnecessary radiation exposure
to the patient, help determine the threshold level for the
remaining articular incongruities leading to postoperative
complications, and ultimately help improve clinical
management of patients in the long term.

In conclusion, CT generates significantly smaller artifacts
compared to MRI but comes at the expense of exposing
a patient to ionizing radiation. 1.5T MRI also generates
smaller artifacts compared to 3T MRI and hence presents
a favourable alternative when using titanium hardware,
though it is important to note that it produces lower
image quality versus 3'T. Postoperative assessment of pilon
reduction in both CT and MRI may be improved by using
CTA screws when close to the joint surface, but precaution
should be exercised to prevent implant failure. Surgeons
need to consider these factors to allow accurate assessment
of articular reduction and further improvement of operative
techniques.
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