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Abstract
Introduction: Our goal was to explore the value of dual-energy CT scanning by gemstone spectral images and that of a 
program aimed at reducing metallic artifacts (MARS), so as to evaluate periprosthetic tissues and the diagnostic interpre-
tability of conditions associated with implants. 
Materials and Methods: We compared bone, soft tissues and fat density at periprosthetic tissues level with that in control 
tissues with no implant, using a high definition dual-energy CT scanner both in conventional polychromatic images and 
in virtual monochromatic images with MARS, in 80 patients with metallic prosthesis in different areas of their skeletal 
system. We assessed the quality of the image and the diagnostic interpretability using the Likert scale. 
Results: In polychromatic images there were significant differences in the periprosthetic area in the three types of tissues 
as compared to the control subjects (p<0.0001); there were no significant differences while using virtual monochromatic 
spectral images-MARS (bone p=0.053, soft tissues p= 0.32 and fat p= 0.13), with more resemblance to normal tissues. 
Noise levels were significantly higher in polychromatic images (p<0.0001) than in virtual monochromatic spectral ima-
ges-MARS. We considered as non-interpretable ones all the periprosthetic regions in polychromatic images and 11 (9%) 
in virtual monochromatic spectral images-MARS. There were no significant differences in radiation doses as compared 
to the control group (p=0.21). 
Conclusions: Dual-energy CT scan can reduce periprosthetic artifacts increasing significantly the potential for tissue 
identification and the diagnostic interpretability of likely conditions associated with implants. 
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Tomografía computarizada de doble energía: nueva tecnología para la reducción de artefactos 
de metal

Resumen
Introducción: El objetivo fue explorar la utilidad de la tomografía computarizada de doble energía mediante tecnología 
de imágenes espectrales gemstone y de un programa destinado a la reducción de artefactos de metal (MARS), para evaluar 
tejidos periprotésicos, y la interpretabilidad diagnóstica de patologías relacionadas con implantes.
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Materiales y Métodos: Se comparó la densidad ósea, de partes blandas y de grasa en el tejido periprotésico y en tejido 
de control sin implante, utilizando un escáner de alta definición de tomografía computarizada de doble energía tanto en 
imágenes policromáticas convencionales, como en monocromáticas virtuales con MARS, en 80 pacientes con prótesis 
metálicas en diversas regiones musculoesqueléticas. Se valoró la calidad de imagen y la interpretabilidad diagnóstica 
mediante la escala de Likert.
Resultados: Con imágenes policromáticas hubo diferencias significativas entre el área periprotésica en los tres teji-
dos respecto a los controles (p <0,0001); sin diferencias significativas utilizando imágenes espectrales monocromáticas 
virtuales-MARS (hueso p = 0,053, partes blandas p = 0,32 y grasa p = 0,13), con más similitud con el tejido normal. Los 
niveles de ruido fueron significativamente mayores con imágenes policromáticas (p <0,0001) que con imágenes espectra-
les monocromáticas virtuales-MARS. Se consideraron no interpretables todas las regiones periprotésicas en las imágenes 
policromáticas y 11 (9%) en las imágenes espectrales monocromáticas virtuales-MARS. No hubo diferencias significati-
vas en la dosis de radiación comparada con la del grupo control (p = 0,21).
Conclusiones: La tomografía computarizada de doble energía puede reducir los artefactos periprotésicos, logrando un 
significativo incremento en la capacidad de identificar tejidos y la interpretabilidad diagnóstica de posibles patologías 
relacionadas con implantes. 

Palabras clave: Implante; prótesis; imágenes espectrales; diagnóstico.
Nivel de Evidencia: II

Introduction

CT scanning plays a key role in the assessment of the 
patients with metallic prosthesis, and it is crucial for these 
patients’ post-operative follow-up and the management 
of potential complications. However, we are still to over-
come one of the main drawbacks associated with these 
techniques—the periprosthetic artifacts that stem from 
metallic implants.1  

In this context, thanks to the recent development of 
dual-energy CT scanning (DECT) it is possible to syn-
thesize virtual monochromatic spectral images (VMSIs) 
which can show the object as if it were being studied 
using conventional CT scanning (simple energy CT scan-
ning) but that can also reduce periprosthetic artifacts, thus 
improving the intefaz between tissues.2-7 

Moreover, other approaches aimed at dealing with the-
se problems have been developed, such as algorithms of 
adaptative statistical iterative reconstruction (ASIR) 8-10 

and metal artifact reduction software (MARS).11,12

There is no research that reports the combined perfor-
mance of these techniques in the quantitative evaluation 
of periprosthetic tissues using densitometric figures. The-
refore, we explored the value of DECT of unique source 
in association with MARS and ASIR algorithms develo-
ped using the same technology. Our goal was to evaluate 
artifact reduction in the periprosthetic area and the diag-
nostic interpretability of potential complications related 
to the implants. 

Materials and Methods 

Design and study population 
We recruited prospectively consecutive patients that 

had been referred for post-operative evaluation of meta-
llic prosthesis in different anatomic areas of their skeletal 
system, between March 2013 and June 2015. 

The images were taken at least 15 days after the surgi-
cal procedure had taken place, as it was required and ac-
cording to general indications. We excluded women that 
were potentially or effectively pregnant, and patients with 
BMI >32kg/m2. 

Images taking 
Patients were assessed using a dual-energy-detector 

64-slide CT scanner (DiscoveryTM, HD 750, GE Health-
care, Milwaukee, uSA) which allows VMSIs to be ge-
nerated for further analysis. Data processing was carried 
out off-line at a work station equipped with a specific pro-
gram available on the market (AW 4.6, GE Healthcare, 
Milwaukee, uSA).

The images initially taken with this type of CT scanners 
offer, apart from monochromatic information (VMSIs), 
information about polychromatic images (PI) similar to 
that gotten using simple-energy conventional CT scan-
ners, and this way it is possible to do a comparable analy-
sis; therefore, it was used instead, so as not to have to 
evaluate the patients again (Figure 1). 4,13
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In all cases we carried out reconstruction to get VM-
SIs with high energetic levels (140 keV) combined with 
MARS developed using the same technology (Figure 1), 
since VMSIs with higher energetic levels have been found 
to be the ones that ameliorate metallic artifacts better. 

6,14,15Moreover, we applied ASIR systematically to sheer 
data gotten at 50%, since this technology has been found 
to improve image quality and thus promote the use of 
lower radiation doses. 8-10

Quantitative analysis of the images 
Images data were analyzed at the same work station that 

images were processed at. We evaluated the detection of 
three basic types of tissues adjacent to the prosthesis, in 
the artifacts area, by means of specific regions destined to 
estimate figures in Hounsfield units: bone, soft tissues and 
fat (Figure 1). Soft tissues were thought of as represented 
by muscle tissue, fiber-scar tissue, parenchyma tissue and 
others of similar density such as inflammatory tissue. 

Periprosthetic artifacts were defined as the ones that ari-
se when x-ray beams or parts of x-ray beams go through 
specific objects, such as metals, and behave differently 
when they go through the same objects in different posi-
tions of the x-ray tube, what shows as black (low attenua-
tion component) and bright (high attenuation component) 
stripes.4 Periprostehtic assessment was carried out in the 
areas of the greatest artifact, defined as those ones whe-
re the lowest attenuation component is projected (black 

stripes) (Figure 1). Likewise, we evaluated in the same 
way the standard deviation of every figure to calculate the 
image noise and the signal/noise ratio. 

Every patient was subject to this procedure focusing on 
the same anatomic area for the three types of tissues, both 
in PIs and the VMSI-MARS. The same procedure was 
followed in the same patients on their contralateral side 
with no prosthesis (control group). When the patients had 
bilateral prosthesis (cases of hip bilateral replacement) or 
when it was not possible to get data out of the contralate-
ral side, the assessment was carried out in the nearby area 
that showed characteristics similar to those ones of the tis-
sues unaffected by the artifact (such as the pelvis). When 
the spine was involved, we assessed the nearby vertebral 
levels that had neither prosthesis nor artifacts. 

We also evaluated the effective radiation doses adminis-
tered under the correction factor for every anatomic area, 
which was suggested by international standards.16 As con-
trol group for this analysis, we used a group made up of 
the same number of patients matched by gender and age, 
who were evaluated for other reasons in the same anato-
mic areas using the same CT scanner with conventional 
PIs.

Qualitative analysis of the images 
We assessed the image quality of every type of tissue 

within the artifact area, together with the general diagnos-
tic interpretability of the study (Figure 2).

Figure 1. Seventy-one year-old male with left total hip replacement. Transverse section dual-energy CT scan. 
A. Polychromatic images with window adjustment for bone tissue (first upper panel) and soft tissues (second upper 
panel) evaluation. Fifty mm2 focused region to evaluate tissue density within the low attenuation component of the 
artifact associated with the implant (third upper panel). B. Same procedure with spectral monochromatic images 
(VMSI-MARS). Note the significant reduction in artifacts.

A

B
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Image quality was evaluated by a six-item Likert-type 
scale (Table 1): 1) Total invisibility of the structures dar-
kened by the artifacts, 2) severe artifacts with insufficient 
identification of the anatomic structures, 3) moderate ar-
tifacts with insufficient identification of the structures su-
rrounding the prosthesis, 4) moderate artifacts that allow 
the observer to identify the anatomic structures and the 
tissues, 5) mild artifacts with adequate identification of 
the anatomic structures and the tissues, 6) normal tissues 
with no artifacts. We always used the same width and the 
pre-established window level to visualize the bone tissue 
(level=350, width=200) and soft tissues (level=40, wi-
dth=400) in the same transverse image both in PIs and in 
VMSI-MARS. 

Diagnostic interpretability was determined by agree-
ment by two experimented observers (CC and ER) who 

used a five-item Likert-type scale evaluating the potential 
to identify images considered abnormal (Table 1) accor-
ding to the observer’s criteria and visualizing the whole 
exam: 1) total invisibility of the structures darkened by 
the artifacts, 2) image quality deteriorated by the artifacts 
that hamper appropriate evaluation, 3) sub-optimal; re-
duction of image quality, which is adequate anyway to 
get a diagnostic impression, 4) good; mild artifacts, mild 
image noises with adequate differentiation between nor-
mal and abnormal structures, 5) excellent; absent or mi-
nimal artifacts with excellent delimitation of the peripros-
thetic anatomic structures and normal structures, with no 
drawbacks to diagnostic specifications, similar to images 
with no prosthesis. 

As pre-established post hoc evaluation we carried out 
an analysis specified by the different anatomic areas being 

Figure 2. Twenty-six year-old male with right distal humeral fracture treated with fixation plate and screws. 
Double-energy CT scan. A. Conventional transverse section images showing important artifacts with periprosthetic 
deterioration that hampers the evaluation of the adjacent tissues with evaluation window for both  soft tissues (upper 
panel) and bone tissues (lower panel). B. Virtual monochromatic transverse images with MARS which reduce artifacts 
significantly, what allows the observer to improve the evaluation of periprosthetic bone tissues (lower panel), soft 
tissues and fat tissue (upper panel). C.  Tridimensional (D) coronal and sagittal monochromatic images which allow the 
observer to evaluate better the position of the fixation plate and screws. 

A B C D

Table 1. Analysis of the image quality in every tissue being studied, diagnostic interpretability 
and non-diagnostic studies rates

VMSIs = virtual monochromatic spectral images; MARS = metal artifact reduction software.
Comparison by Wilcoxon-signed rank test

 Polychromatic image VMSI-MARS p

Bone 1.58 ± 0.8 3.39 ± 0.9 <0.0001

Soft tissues 1.38 ± 0.7 3.55 ± 1.0 <0.0001

Fat               1.80 ± 0.9 3.70 ± 1.0 <0.0001

Diagnostic interpretability       1.08 ± 0.3 3.35 ± 0.7 <0.0001

Non-diagnostic (%) 80 (100%) 11 (9%) <0.0001
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studied, grouped in five regions: hip, knee, long bones, 
spine and other regions. 

All the procedures were followed as established by the 
Ethical Standards set by the Institutional Research Com-
mittee in compliance with the 1964 Helsinki Declaration 
and further amendments. We had every person included in 
the study signing the written informed consent. 

Statistical analysis 
Categorical variables were expressed as calculations and 

percentages, whereas continuous variables were expressed 
as average ± standard deviation (SD) in the case of normal 
distribution and as median with interquartile range (IqR) 
for non-normal distribution variables. Non-parametric 
comparisons between groups were made using the Wil-
coxon-signed rank test. The level of statistical signification 
was established as p<0.05. We used the 22.0 version SPSS 
statistical program (Chicago, Illinois, uSA). 

Results

Out of the 87 patients initially recruited, we excluded 
four because the parameters of examination were diffe-
rent from the pre-established ones and three because the 
reconstruction and processing parameters were inadequa-
te. Therefore, 80 patients followed the whole protocol and 
were included in the analysis. 

Age median was 63.5 (IqR= 41.0-73.8), and 32 (40%) 
patients were males. The examined regions were hips=23 
(29%); knees=14 (18%); the spine=16 (20%); long bo-
nes= eight (10%; humerus, femur, ulna and radius, tibia 
and fibula) and other regions=19 (24%; shoulder, elbow, 
hand and wrist, ankle and foot, collar bone, breast bone, 
ribs and skull). 

 
Quantitative analysis of the images

Bone tissue: In all the regions being studied, we found 
significant differences in the figures in periprosthetic 
Hounsfield units as compared to the control (contralate-
ral) tissues in the PIs reconstructions (p<0.0001), whereas 
we did not find significant differences in VMSI-MARS 
(p = 0.053). Image noise was lower in VMSI-MARS than 
PIs (Table 2).  

Soft tissues: We also found significant differences in the 
attenuation levels between prosthesis and control subjects 
in the PIs group (p <0.0001), with no differences in the 
VMSI-MARS group (p = 0.32). Image noise was also 
lower in VMSI-MARS than in PIs (Table 3, Figure 1). 

Fatty tissue: We found significant differences in the le-
vels of density between prosthesis and control subjects in 
the PIs group (p<0.0001), with no significant differences 
in the VMSI-MARS group (p = 0.13). Image noise was 
also lower in VMSI-MARS (Table 4). 

Table 2. Bone tissue analysis

VMSIs = virtual monochromatic spectral images; MARS= metal artifact reduction software; Hus = Hounsfield units; 
SD = average density standard deviation. Comparison by Wilcoxon-signed rank test 

 Polychromatic image VMSI-MARS p

Prosthesis (bone)

Density (Hus) -262.2 (-519.9; -85.5) 88.2 (55.8; 176.3) <0.0001

Noise (SD) 131.5 (79.4; 205.8) 39.7 (28.1; 72.2) <0.0001

Signal/noise ratio    -2.0 (-3.7; -0.9) 2.4 (1.2; 3.4) <0.0001

Control (bone)

Density (Hus) 193.5 (143.1; 266.5) 110.2 (86.9; 155.4) <0.0001

Noise (SD) 50.0 (39.5; 62.4) 38.3 (29.8; 53.1) <0.0001

Signal/noise ratio 3.8 (2.6; 5.2) 3.0 (2.1; 3.8) 0.001

p values for the differences between periprosthetic tissues and control subjects

Density (Hus) <0.0001 0.053  
 
Noise (SD) <0.0001 0.37

Signal/noise ratio <0.0001 0.10
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Table 3. Soft tissues analysis

VMSIs = virtual monochromatic spectral images; MARS= metal artifact reduction software; Hus = Hounsfield units; 
SD = average density standard deviation. Comparison by Wilcoxon-signed rank test

 Polychromatic image VMSI-MARS p

Prosthesis (bone)

Density (Hus) -250.2 (-434.2; -147.0)    47.5 (28.5; 66.6) <0.0001

Noise (SD) 69.5 (43.8; 110.0)  20.2 (14.1; 30.1) <0.0001

Signal/noise ratio -4.0 (-6.0; -2.2)    2.2 (1.0; 3.7) <0.0001

Control (bone)

Density (Hus) 50.0 (38.8; 59.9) 43.2 (37.5; 49.9) <0.0001

Noise (SD) 17.0 (12.3; 24.0) 12.8 (10.4; 18.3) <0.0001

Signal/noise ratio 2.6 (1.7; 4.3) 3.2 (2.2; 4.5)     0.17

p values for the differences between periprosthetic tissues and control subjects

Density (Hus) <0.0001 0.32  
 
Noise (SD) <0.0001 <0.0001

Signal/noise ratio <0.0001 <0.0001

Figure 3. Eighty-seven year-old male with left proximal humeral fracture after undergoing surgery. Dual-energy CT 
scan. A.  Polychromatic transverse images showing periprosthetic artifacts that hamper seriously the evaluation of the 
shoulder. B and C. Transverse and oblique coronal virtual monochromatic images with MARS which reduce artifacts 
significantly and evidence the fracture with epiphyseal detachment and signs of bone resorption and granulation/fibrosis 
tissues associated. D. Tridimensional images generated by the virtual monochromatic data that show clearly the fracture 
and the position of the prosthesis. 

A B C D
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Tabla 4. Fatty tissue analysis

VMSIs = virtual monochromatic spectral images; MARS= metal artifact reduction software; Hus= Hounsfield units; 
SD = average density standard deviation. Comparison by Wilcoxon-signed rank test.

 Polychromatic image VMSI-MARS p

Prosthesis (bone)

Density (Hus) -218.8 (-317.7; -167.3) -74.8 (-90.8; -59.2) <0.0001

Noise (SD) 32.2 (25.4; 69.3) 16.3 (12.4; 23.7) <0.0001

Signal/noise ratio -5.5 (-8.8; -3.6) -4.6 (-6.3; -2.9)   0.001

Control (bone)

Density (Hus) -98.3 (-111.3; -84.7) -78.8 (-85.2; -71.0) <0.0001

Noise (SD) 16.0 (12.7; 21.3) 12.3 (10.0; 16.7) 0.002

Signal/noise ratio -6.0 (-7.6; -4.4) -6.1 (-7.8; -4.7)  <0.001

p values for the differences between periprosthetic tissues and control subjects

Density (Hus) <0.0001 0.13  

Noise (SD) <0.0001 <0.0001

Signal/noise ratio 0.02 <0.0001

Figure 4. Seventy year-old male with right knee arthroplasty. Dual-energy CT scan. A.  Conventional polychromatic 
images with window adjustment for bone (first panel) and for soft tissues (second panel) evaluation which show an 
artifact (arrowhead) that deteriorates the image on the medial anterior-lateral area of the joint. There is also a lower sight 
of a tridimensional image (third panel) affected by the artifacts. B. Important reduction of the artifacts which evidence 
a periarticular collection with small images of air density, probably caused by an infectious/inflammatory disorder. 
C. Polichromatic and tridimensional coronal image that shows the artifacts on the aforementioned collection 
(arrowhead). D. Monochromatic coronal image with MARS and resultant tridimensional image which also show sheer 
reduction of the artifacts and improvement in the quality of the image.  

A C

B D
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Qualitative analysis of the images
Image quality evaluation 

Image quality was significantly better in VMSI-MARS 
reconstructions, in the bone tissue (PIs 1.58 ± 0.8 and 
VMSI-MARS 3.39 ± 0.9; p <0.0001), in soft tissues (PIs 
1.38 ± 0.7 and VMSI-MARS 3.55 ± 1.0; p <0.0001) and 
the fatty tissue (PIs 1.80 ± 0.9 and VMSI-MARS 3.70 ± 
1.0; p <0.0001) (Table 1, Figure 3). 

Evaluation of diagnostic interpretability 
All the cases evaluated by PIs reconstructions were con-

sidered to be non-interpretable as compared to only 11 
(9%) cases in VMSI-MARS (p <0.0001) (Table 1, Figure 
4). 

Effective radiation doses 
We did not find significant differences in the effective 

radiation doses between the population being studied and 
the control subjects that were studied using simple-energy 
conventional images (PIs) [median 4.7 mSv, IqR 0.50; 
7.44) vs. 3.6 mSv (IqR 0.30; 6.54); p = 0.21]. 

Discussion

Our piece of research describes the potential of the 
DECT technology to reduce the artifacts related to meta-
llic implants both in subjective and objective ways, with 
levels of periprosthetic tissues density that can be compa-
red to those of the normal contralateral tissues in the same 
patient. Our results suggest that in the periprosthetic bone 
tissue, soft tissues and fatty tissue, VMSI-MARS redu-
ce artifacts significantly as compared to the images taken 
with simple-energy conventional CT scanners (Figures 
2-4), with no significant differences in attenuation levels 
with respect to control subjects in either of the tissues be-
ing studied (Tables 2-4). It is worth mentioning that this 
strategy does not imply any increase in radiation doses. 

Lee et al. described in 26 subjects that VMSI-MARS 
are particularly sensitive to the makeup, the form and the 

size of the prosthesis, what also can have an influence on 
the quality of the image;14 these facts were also reported 
by other researchers that used similar technological devi-
ces. 6,7,12,15,17,18 We found in some specific anatomic areas 
mild heterogeneities in the periprothetic tissues in regions 
other than the artifact original ones that we called “se-
condary artifacts” (Figure 5). One of the advantages of 
the dual-energy system is the possibility to get VMSI wi-
thout MARS, what has also proved to reduce the original 
artifacts seen with PIs with no secondary artifacts as by-
products; moreover, it offers VMSI-MARS at the same 
time (Figure 5). 3,4,6,7,13 This way, it would be possible to 
get an incremental effect for the patient’s general evalua-
tion (diagnostic interpretability) because the observer has 
access to all the examination data available, something 
which is key for the post-operative evaluation of patients 
with potential complications associated with the implant, 
such as aseptic loosening, bone resorption or osteolysis, 
infection, dislocation and periprosthetic fracture.19 In this 
context, diagnostic impression was better using VMSI-
MARS than PIs—only 11% of the patients with VMSI-
MARS had insufficient data for diagnosis, whereas no 
periprosthetic tissues with PIs were considered to be in-
terpretable. 

Limitations
It is worth mentioning some limitations. We included 

neither surgical nor arthroscopic data, nor did we study 
the artifact variability related to the material, the size and 
the surface of the prosthesis; we did not study the different 
energetic levels within the DECT system either. However, 
we did take into account previous reports on the subject. 

Conclusions

In this prospective study, DECT technology proved to 
be able to reduce metallic artifacts and improve diagnostic 
interpretability of bone and joint periprosthetic tissues as 
compared to conventional images. 

Figure 5. Sixty-five year-old female with right knee arthroplasty. Transverse section dual-energy CT scan. 
A.  Polychromatic image with window adjustment for soft tissues evaluation which shows an important artifact that 
deteriorates the quality of the image (white arrow). B. Same section level showing a spectral monochromatic image 
with MARS with significant reduction of artifacts; there is a secondary artifact (arrowhead) on the anterior area 
of the joint. C. Virtual monochromatic image without MARS which also shows reduction of artifacts (although to 
a lesser extent), with no additional artifacts. 

A B C
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