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Abstract

Objective To evaluate parameters and positioning when im-
aging total ankle prostheses on computed tomography (CT).
Materials and methods An ankle prosthesis implanted into a
pig’s knee joint underwent 16 different CT imaging protocols.
Four defects were drilled around prosthesis components sim-
ulating periprosthetic osteolytic lesions. The specimen with
the implant was imaged in four different orientations with the
tibial stem parallel to the table and at 25, 45, and 90° angles to
it. The protocol consisted of scanning at 100, 120, and
140 kVp in every position with a pitch of 1.2. The scanning
at 120 kVp in every position was repeated with a pitch of 1.0.
Results CT proved to be a reliable imaging modality when
studying periprosthetic lesions adjacent to the ankle prosthe-
sis when the tibial stem alignment was parallel to the table.
When imaging at higher angles, metal artifacts distorted the
image, making the analysis of periprosthetic bone structure
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unreliable. There were no statistically significant differences
between different tube voltages or pitch in volume measure-
ments of the osteolytic lesions.

Conclusions CT 1is a reliable imaging method to evaluate
periprosthetic bone structure around ankle prostheses when
orientation of the prosthesis and acquisition parameters is
optimized.

Keywords Computed tomography - Metal artifact - Total
ankle arthroplasty

Introduction

The number of patients with total joint prostheses and other
metallic orthopedic implants has grown, resulting in an in-
creased number of CT examinations with metallic implants.
Demands for evaluating the bone structure around metallic
implants have likewise increased. Conventional radiography
has been and still is the primary imaging modality, partly
because of its ease of availability and lower cost. However,
cross-sectional imaging, both computed tomography (CT) and
magnetic resonance imaging (MRI), is more widely used in
characterizing bone and soft tissues around metallic compo-
nents and even the implant itself [ 1-3]. Earlier imaging created
metal artifacts that were so distorting that it was difficult to
obtain diagnostic images. Nevertheless, attempts to reduce
metal artifacts both on CT and MR imaging have been suc-
cessful and in most cases evaluating bone structure even around
metallic hardware is possible. The groundwork has been done
predominantly using hip arthroplasty as a model [4-7].
Several techniques to decrease metal artifacts on CT im-
ages have been described in the literature. Acquisition as
well as image reconstruction parameters affect the amount of
metal artifacts that are produced. There are also newer metal
artifact reduction (MAR) image reconstruction algorithms
such as iterative reconstruction, projection interpolation, and
adaptative filtering methods. Thus far, these methods are not
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so commonly used in clinical practice; also the benefits of
these reconstruction programs are somewhat controversial
[8—10]. Dual-energy CT (DECT) is a promising new tech-
nique in musculoskeletal imaging and its usage in minimizing
metal artifacts on images needs to be further studied [11].

Total ankle arthroplasty (TAA) is increasingly used in the
treatment of painful ankle arthritis [12, 13]. Although the
longevity of a total ankle replacement has improved [12],
there are still concerns related to these implants. Periprosthetic
osteolysis is one of the most important complications related
to TAA [13-19]. Because osteolysis is typically progressive
and in many cases gradually leads to component failure, it is
important to evaluate the bone structure around the prosthetic
components [20, 21]. There is evidence supporting CT’s
superiority to radiographs in detecting osteolysis-related pa-
thology [3, 7, 20, 22].

The purpose of this study was to evaluate the effect of
orientation of TAA during scanning on CT to minimize
metal artifacts around prosthesis components. We also
wanted to determine how imaging parameters, tube voltage,
and pitch, affect the ability to characterize bone structure
around total ankle prosthesis.

Materials and methods

We used AES ankle prosthesis (Ankle Evolutive System,
manufactured by Transystéme, Nimes, distributed by
Biomet, Valence, France) in a pig’s knee joint as a model.
The AES total ankle prosthesis is a three-piece uncemented,
unconstrained design with tibial and talar components of
cobalt-chrome (Co-Cr). It has a front-to-back mobile bearing
of ArCom compression molded polyethylene (Biomet, UK)
between the flat tibial component and the shallow sulcus of
the talar implant. We used a dissected pig’s knee joint as a
model because its size corresponds well to the human ankle. An
orthopedic surgeon (HK) experienced in ankle arthroplasty
performed the surgery. Soft tissues and skin were left around
the joint. To improve the fit of the prosthetic components, the
bones of the knee joint were turned “upside down” so that the
talar component was placed in the femoral trochlea and the
tibial component in the proximal head of tibia (Fig. 1). Addi-
tionally, four different-sized defects were drilled around the
prosthetic components, simulating periprosthetic osteolytic le-
sions. Two defects, one large and one small, were placed
around both the tibial and the talar components. Sizes of these
defects were measured by filling the defects with water using a
1-ml syringe. Sizes of the defects around the tibial component
were 0.55 and 2.1 ml and the talar component 0.5 and 1.5 ml.
At the time of CT scanning, the defects were filled with low-fat
ground meat (percentage of fat under 10 %) to simulate gran-
uloma and avoid air in them.
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Fig. 1 Photograph of AES prosthesis in pig’s knee joint

Computed tomography was performed using a Siemens
Somatom Sensation 64-slice CT (Siemens AG Healthcare Sec-
tor, Erlangen, Germany). The joint with prosthesis was imaged
in four different orientations: the tibial stem parallel to the table
and at 25, 45, and 90° angles to it. During CT scanning, the
specimen with the implant was in a cardboard box. A wooden
stick was fixed to the tibial component. After that, the tibial
stem could be rotated to 25, 45, and 90° angles to the table in
addition to the first setting while the talar component alignment
remained unchanged. The protocol consisted of scanning at
100, 120, and 140 kVp in every angle with a pitch of 1.2.
The scanning at 120 kVp in every angle was repeated with a
pitch of 1.0. A beam hardening and metal-artifact-minimizing
algorithms were used, the latter based on the extended CT-scale
technique. Also, tube current modulation was used. Since the
distance of the imaged area and the thickness of the target
varied according to the orientation of the tibial componet, we
used cumulative tube current-time-product (mAs) to elucidate
the radiation dose (Table 1). It has been calculated by adding
up the mAs-values of the single slices. Table 1 also presents the
values of the minimum and maximum mAs used by the auto-
matic tube current modulation in each protocol. The slice
thickness was 0.6 mm and the reconstruction increment was
0.4 mm. The streak artifacts caused by ankle prosthesis were
visually appraised and the volumes of the drilled defects around
prosthetic components visible on CT images were measured
twice using volumetric analysis tool provided by syngo
MultiModality Workplace (VE 36A, Siemens AG Healthcare
Sector, Erlangen, Germany) by one radiologist (IK)) with more
than 5 years of experience in musculoskeletal radiology. There
were approximately 11 months between the two measurement
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Table 1 Imaging parameters
and data in different protocols Angle kVp Pitch CTDlvol (CT Distance mAs mAs Cumulative ~ No of
and positions. There were 16 (degrees) dose volume imaged min max mAs detected
different imaging protocols. index, mGy) (cm) defects
Angle refers to the alignment of
tibial stem to table 0 100 1.2 4.81 16.8 85 115 6.023 4

0 120 1.2 8.28 16.8 83 112 5.962 4

0 120 1.0 8.27 16.8 85 113 6.070 4

0 140 1.2 12.9 16.8 77 112 5919 4

25 100 1.2 4.88 16.8 89 116 6.032 4

25 120 1.2 8.28 16.8 90 112 5.972 4

25 120 1.0 8.27 16.8 94 113 6.037 4

25 140 1.2 12.9 16.8 92 112 5.957 4

45 100 1.2 4.81 18.9 87 114 6.748 2

45 120 1.2 8.28 18.9 86 116 6.740 2

45 120 1.0 8.16 19.2 90 116 6.789 2

45 140 1.2 12.75 19.9 88 112 6.617 2

90 100 1.2 4.29 12.3 67 115 3.909 1

90 120 1.2 7.39 12.3 65 113 3.830 1

90 120 1.0 7.51 12.6 71 111 4.107 1

90 140 1.2 12.2 12.6 72 111 4239 2

sessions. No effort was made to keep the radiologist blinded to
image parameters as interpreting the data. CT protocols are
presented in Table 1.

Analysis of variance was used as a statistical method to
evaluate the effect of orientation of the ankle prosthesis, the
tube voltage, and the pitch on artifacts caused by the metal
implant. The effects of tube voltage and angle, i.e., orienta-
tion of the tibial component, were adjusted for the compo-
nent. Tukey’s adjustment method was used in further
pairwise comparisons in analysis of variance. Intraclass cor-
relation between the first and second measurement sessions
was calculated to test the reliability of the measurements.
The limits of agreement between the first and second mea-
surement sessions were quantified using Bland—Altman plot.
Statistical analysis was performed using SAS System for
Windows, version 9.2 (SAS Institute Inc., Cary, NC, USA).
We used a level of significance of a=0.05.

Results

There were no significant differences between the measured
and the real volumes when the tibial stem was parallel to the
table with a pitch of 1.2. When the tibial stem was at 25, 45,
and 90° angles to the table, there were statistically significant
differences between the measurements on CT images and the
real volumes (p values in all <0.0001, Table 2). Scatter plot
shows the differences between the measured and real volumes
according to degrees during the first measurement session
(Fig. 2), the means and standard deviations (SD) were as
follows: 0.02, 0.17 (0°); —0.30, 0.22 (25°); —0.52, 0.58 (45°)

and —1.28, 0.26 (90°). When the tibial stem was at 45 and 90°
angles to the table, the smaller defects both around the tibial
and talar components could not be detected at all regardless of
tube voltage because increases of artifacts caused by the
implant (Fig. 3). Volume measurements with a pitch of 1.2
were significantly different between the angles (0, 25, 45, 90°)
in every comparison (p<0.0125 or lower in all pairwise com-
parisons) except in one, between 25 and 45° (Table 3).

In the whole material with a pitch of 1.2 there were no
statistically significant differences between different tube
voltages (100, 120, and 140 kVp) in volume measurement
differences (angle and component-adjusted p=0.24). How-
ever, when the tibial stem was at a 90° angle to the table, the
larger defect around the talar component could not be de-
tected because of gross artifacts when scanning at 100 kVp
and 120 kVp (Fig. 4). Scanning at 140 kVp and in 90° angle
the larger defect around the talar component could be par-
tially identified despite the artifacts. When scanning the

Table 2 Volume measurement differences (measured volumes minus
real volumes) with a pitch of 1.2. Angle means the alignment of tibial
stem to table. Mean difference is tube voltage and component adjusted

Angle (degrees) Mean difference (ml) SE (ml) p value*
0 0.01 0.07 0.89

25 —0.34 0.07 <0.0001
45 —0.58 0.11 <0.0001
90 -1.30 0.13 <0.0001

SE standard error

* Analysis of variance; Tukey’s method was used in pairwise comparisons
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Fig. 2 Scatter plot displays the differences between the measured and
real volumes (ml) according to degrees during first measurement ses-
sion (0°: min —0.23, max 0.36; 25°: min —0.75, max 0.19; 45°: min
—1.4, max 0.17; 90°: min —1.55, max —0.96)

ankle at 120 kVp, volume measurement differences between
pitch-values 1.0 and 1.2 did not show significant differences
(angle adjusted p=0.43). The intraclass correlation for the
measurement differences between the first and second mea-
surement sessions was 0.96, showing excellent repeatability.
The limits of agreement between the first and second volume

Fig. 3 Axial slices across the tibial stem. a On the first image (140 kV,
0°, pitch 1.2) two defects in both sides of the tibial stem are detectable. b
On the second image (140 kV, 45°, pitch 1.2), the artifacts distort the
image that only the larger defect can be detected
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Table 3 Volume measurement differences (measured volumes minus
real volumes) between the angles with pitch 1.2. Mean difference is
tube voltage and component adjusted

Comparison Mean difference (ml) SE (ml) P value*
0 versus 25 0.35 0.11 0.0125
0 versus 45 0.59 0.13 0.0005
0 versus 90 1.31 0.15 <0.0001
25 versus 45 0.24 0.13 0.26
25 versus 90 0.96 0.15 <0.0001
45 versus 90 0.72 0.17 0.0011

SE standard error

* Analysis of variance; Tukey’s method was used in pairwise comparisons

measurement session differences were from —0.28 ml to
0.28 ml (Fig. 5).

Discussion

TAA is used more often in the treatment of damaged ankle
joint instead of arthrodesis [ 12]. Osteolysis is one of the most
important factors threatening longer-term survival of all total
joint prostheses, as well as ankle prostheses [6, 15, 20, 23].
The incidence of osteolysis varies between different total
ankle implant designs [14, 18, 24-26]. Traditionally, patients
with total ankle prosthesis have been monitored using radio-
graphs. However, several previous studies had shown that
some periprosthetic abnormalities, e.g., osteolysis, can be
detected more reliably on CT than on radiographs [4, 6, 7,
22, 27]. Therefore, we investigated the conditions to image
total ankle prosthesis on CT.

All metal components cause artifacts on CT, distorting the
normally excellent image quality [28, 29]. Metal composi-
tion affects the amount of artifacts produced. Titanium
causes fewer artifacts than stainless steel and cobalt-
chrome [7, 29, 30]. Despite the artifacts caused by the
cobalt-chrome components of the ankle prosthesis in our
study, CT turned out to be a reliable imaging modality when
studying periprosthetic lesions around ankle prostheses in a
position with the long axis of the tibial component parallel
(tibial stem at 0° angle) to the table. The means and standard
deviations of volume measurement differences between the
measured and true values were smallest at 0° angle being in
clinically acceptable limits (mean 0.02 ml, SD 0.17 ml)
while in other orientations the measurement error and vari-
ance were more substantial.

The geometry of implant and cross-sectional area of it as
well as the orientation of the hardware during scanning
affects the artifacts produced [7, 29, 31]. Asymmetric hard-
ware produces nonuniform artifacts [7]. These artifacts are
most prominent in the direction of the hardware’s greatest
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Fig. 4 Coronal slices through
the larger defect under the talar
component. The larger defect
under the talar component is
shown on images obtained with
the tibial stem parallel to the
table (a) and at 25 and 45° angles
(b, ¢) to it. The defect is not
detectable due to increasing
artifacts on images obtained with
the stem at a 90° angle (d) to the
table. All images are taken with
120 kV and a pitch of 1.2

cross-sectional profile [7, 29]. In our study, there were no
statistically significant differences between the volumes of
periprosthetic defects measured on CT images and the real
volumes when the tibial stem was parallel to the table. To
achieve this position, the patient lies supine on a table with
straight knees. The osteolytic lesions around the prosthetic
components in the ankle appear usually above the tibial
plate, around the stem, or above the edges of the plate and
also below the margins of the talar component [22]. When
the patient is lying supine with straight knees, the major
artifacts from the tibial plate do not hide the osteolytic
lesions around the tibial stem and below the talar component.
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Fig. 5 Bland—Altman analysis plot. The volume differences (ml) be-
tween the 1st and 2nd measurement sessions, with solid line at the mean
difference, and the dotted lines at mean difference £1.96 x standard
deviation of the volume differences (limits of agreement)

In that position, the long axis of the tibial component is
perpendicular to the plane of the gantry. With higher angles,
i.e., when the tibial stem was at 25, 45, and 90° angles to the
table, there were statistically significant differences between
the measurements on CT compared to real volumes. In many
of these cases, the presence of artifacts led us to underesti-
mate the volume of drilled defect. There were more streak
artifacts on the images with tibial stem at higher angles
compared to optimal positioning. Also, the orientation of
the artifact lines was adverse in higher angles when consid-
ering osteolytic lesions around the TAA. Additionally, in
these component orientations, the sum effect of the artifacts
caused by the plate and stem may play a role. When the tibial
stem was at 45 and 90° angles to the table, the smaller defects
(volumes 0.55 ml and 0.5 ml) both around the tibial and talar
components could not be detected at all because of gross
artifacts at every studied kVp. In addition, the larger defect
(volume 1.5 ml) around the talar component could not be
detected when scanning at a 90° angle at 100 kVp and
120 kVp. At least part of the larger defect (volume 2.1 ml)
at the tibial side could be detected in every CT protocol.

In previous studies [6, 27, 29, 32, 33], high tube voltage
(140 kVp) has been used or at least recommended to obtain
images with less artifacts when scanning metal hardware.
Higher kilovoltage reduces noise, however it diminishes
image contrast and increases radiation dose [7, 31]. In a
previous study [29], a titanium alloy screw and a stainless-
steel screw had been placed in a pig femur. In a comparison
of CT images obtained through the short axis of the screws
with two different kilovolt peaks, 140 kVp and 80 kVp, with
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other parameters fixed, the higher peak voltage showed
fewer artifacts. In another study, however, it was stated that
there is no additional value attained when using 140 kVp
tube voltage instead of 120 kVp [34]. In that study, three
patients were scanned; two patients with hip prostheses
(titanium and cobalt-chrome) and one patient with pelvis
reconstruction using stainless-steel plates. In our study, when
scanning at 140 kVp and in with a 90° angle, the bigger
defects both around the tibial and talar component could be
detected. However, the artifacts in that situation were so
enormous that these two large defects were barely visible.
There were no statistically significant differences between
three different tube voltages (100, 120, and 140 kVp) in
volume measurements when examining overall p values of
the whole material. Supposing that the ankle prosthesis is in
optimal orientation, i.e., the tibial stem parallel to the table,
100 kVp proved to be sufficient to evaluate periprosthetic
bone structure around ankle prosthesis according to our
study. The computed tomography dose volume index
(CTDI,) values in this study were over twofold when
increasing kVp from 100 to 140 (Table 1). Although CTDI,,
does not represent patient dose [35], it describes the radiation
output of a CT system. However, noteworthy is that the ankle
is peripherally located with no radiosensitive organs in the
imaged area [36]. The mean effective dose for CT scan of the
ankle is 0.07 mSv, which is a little less than the dose on
conventional chest radiograph, which is approximately
0.08 mSv [37]. In our study, the tube current modulation
was used. Higher mAs result in more photons detected. It
reduces noise, but increases radiation dose [7, 31]. The
lowest cumulative mAs values were received when scanning
the ankle prosthesis at a 90° angle (Table 1). The most likely
reason for low values at 90° is that the distance imaged was
shortest in that orientation. In other orientations, the cumu-
lative mAs values were higher, also the distances imaged
were longer. However, the differences in imaging distances
and cumulative mAs values were quite diminutive in other
orientations. Lowering the pitch settings has been shown to
diminish artifacts [29, 38, 39]. A lower pitch setting allows
the collection of redundant data, increasing the likelihood
that adequate data will be gathered [30]. However, lowering
the pitch increases radiation dose. We did not find statisti-
cally significant differences comparing volume measure-
ments when using different pitches at 120 kVp. However,
only two pitch values, 1 and 1.2, were studied. Comparing
the first and second measurement sessions, the limits of
agreement of volume measurement differences were clini-
cally acceptable varying from —0.28 ml to 0.28 ml.

There are several limitations in this study. First, we used
AES prosthesis, which is no longer commercially available
because of rapidly appearing osteolysis related to that im-
plant. However, there are other prostheses in the market with
similar configurations and the same material as the AES.

@ Springer

Secondly, we studied only one sample (one pig’s knee joint)
with the AES prosthesis implanted in it, so it was not possi-
ble to take account of the variation between the pig’s knees in
statistical models. Thirdly, it was difficult to make the analyst
blinded with regard to image settings. Using the workstation
available for the measurements, a radiologist can easily see
the angles used at the time of imaging. There was only one
analyst measuring the size of the defects on the CT scans,
which is a limitation as well. Also, the amount of defects
around the prosthetic components was known by the analyst
and the number of detected defects was low at higher imag-
ing angles because of gross metal artifacts distorting the
image and making some of the defects undetectable. For
example, when scanning with the pitch of 1.2 and all three
tube voltages in a 90° angle, the combined amount of detect-
ed defects was four when the true amount of defects was 12.
The number of detected periprosthetic defects in every im-
aging protocol is shown in Table 1. A limitation is also that
we did not study the prospects of different MAR image
reconstruction algorithms in decreasing metal artifacts.

In conclusion, computed tomography is a good imaging
method to evaluate periprosthetic bone structure around an
ankle prosthesis when orientation of the hardware and ac-
quisition parameters are optimized. The orientation of the
prosthesis seems to be critical. If it is not optimized, not even
high voltages may help in obtaining sufficient image quality.
When imaging implants with different configurations, the
image protocol should be optimized individually; keeping in
mind that the artifacts are most severe in the direction of the
implant’s greatest cross-sectional profile and the long axis of
the prosthesis should be placed perpendicular to the plane of
the gantry. The radiation dose is essentially negligible, be-
cause the ankle is peripherally located with no radiosensitive
organs in the imaged area.
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