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Evaluation of CT Techniques for Reducing Artifacts in the
Presence of Metallic Orthopedic Implants
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Peter S. Walker

Abstract: Metallic intramedullary orthopedic implants generate artifacts that
can markedly degrade transaxial CT images. The artifacts, typically seen as
starburst streaking, result primarily from reconstructions involving missing
projection data. Two approaches are clinically available to reduce the artifacts
around orthopedic implants. These are (a) the imaging of implants with lower
attenuation coefficients or smaller path lengths (Jess attenuating objects) and
(b) the planar reformatting of image data. The sizing accuracy of these two
approaches was guantified using phantoms and the efficacy using cadaveric
femoral specimens. Results demonstrated that metal artifacts may be reduced
and accurate bony dimensional data obtained. Index Terms: Artifacts—
Computed tomography, techniques—Bones, abnormalities—Prostheses.

Computed tomography has proved to be espe-
cially useful in evaluating musculoskeletal patholo-
gy. Unfortunately, standard transaxial CT images in
the vicinity of metallic intramedullary orthopedic
implants are badly degraded by artifacts. Left un-
corrected, these artifacts make it difficuit to deter-
mine the amount and quality of bone stock around
implants. The artifacts, typically seen as starburst
streaking, result primarily from image reconstruc-
tions involving missing projection data and also
from partial volume effects, scatter, and aliasing
(Fig. 1) (1-3).

Reduction of these metal-associated artifacts can
be achieved in three ways. The simplesit method,
imaging less attenuating objects, involves avoiding
or at least reducing the generation of the missing
projection data. By using materials with lower X-
ray attenuation coefficients (plastic < titanium <
stainless steel, cobalt-chrome) and implants with
smaller cross-sectional areas (decreased metal path
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lengths), it is possible to reduce the severe X-ray
beam attenuations that produce the missing projec-
tion data. Increasing the effective X-ray energy can
also be used to improve the beam penetration and
reduce the missing projection data. However, this
approach is limited by patient dose and by the re-
quirement of a low effective energy for optimal
bone mineral detection of the cancellous bone (4).
The second method involves reformatting of the ax-
ial CT image data into interpolated new axial, or-
thogenal, or oblique images. Image reformatting
into planes other than the scan plane will weight the
true image signhal over the pseudorandomly distrib-
uted artifactual signal when integrating between ad-
jacent axial images. In this way the artifacts in the
original axial images are averaged out of the planar
reformatting. Commercially available software or
services are available to perform multiplanar refor-
matting. The third and most sophisticated method
of artifact reduction involves artificially generating
values for the missing projection data and then re-
constructing the image (5-8). Although work is in
progress 1o produce this software, its use currently,
even in the hands of skilled operators, requires tco
much time to be clinically feasible. This method
was not tested for that reason.

This article reports on the results of an experi-
mental study, using both phantoms and specimens,
to assess the effectiveness of the two clinically
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FIG. 1. An anteroposterior radiograph (a) illustrates the leve! at which the axial CT image {b) was taken in this patient with a right
total hip replacement and a left bipolar femoral implant. Note the starburst streaking emanating from both prostheses.

available methods for reducing metal-associated ar-
tifacts, less attenuating objects, and planar refor-
matting. Intramedullary implants were used be-
cause they generate some of the worse metal-
associated artifacts clinically encountered.
Phantoms were used to quantify the accuracy of
bone sizing around intramedullary implants and to-
gether with the cadaveric femoral specimens were
used to demonstrate the qualitative effectiveness of
these reduction artifact methods.

MATERIALS AND METHODS

The stem-bone phantoms were precision ma-
chined with dimensional tolerances within 0.05 mm.
Phantoms were made to simulate cemented and
press-fit hip stems. Cortical bone equivalent and
bone cement equivalent materials with X-ray atten-
uations similar to those of cortical bone and bone
cement were used. Orthopedic grade titanium-
6A1-4Va alloy, cobalt-chrome alloy, and stainless
steel were used for the intramedullary stem materi-
als as they are the most frequent hip stem and in-
tramedullary rod materials. Four sizes of bone
shafts were produced using epoxy-based cortical

FIG. 2. Photograph of the stem-bone phantoms with their
outer cortical cylinders, metal rods, and “cement” sheaths.

bone equivalent material (9). Their outer to inner
cortical diameters were 50:42 mm, 50:28 mm, 32:18
mm, and 32:12 mm (Figs. 2 and 3). These dimen-
sions are representative of the range of sizes of cor-
tical bone around intramedullary implants associ-
ated with the adult elbow, shoulder, hip, and knee.
Bone cement-equivalent sheaths (hollow cylinders
with 3 mm thick walls) were machined out of poly-
carbonate for each of the four cortical shaft sec-
tions. The intramedullary cylindrical rods were ma-
chined out of titanium-6A1-4VA alloy, cobalt-
chrome alloy, and stainless steel. A rod of each
material was made to press-fit into each of the cor-
tical shafts and into each of the polycarbonate
sheaths.

Stem-bone specimens were also produced. Two
pairs of proximal femurs were obtained from forma-
lin-fixed cadavers. Anteroposterior and lateral ra-
diographs were taken to rule out unsuspected dis-
ease and to assist in implant sizing. One pair had
titanium-6A1-4Va alloy hip stems (Omnifit, Osteon-
ics, Allendale, NJ, U.S.A.) inserted, one with ce-
ment and one without cement (press-fit). The sec-
ond pair received identically sized implants made of

FIG. 3. Radiograph of the stem-bone phantoms. On the left is
the 50 mm outer diameter section with & rod press-fit in the
upper half and & “"cemented™ rod in the jower half. The
“cement” {polycarbonate) sheath is seen as the lucent re-
gion between the rod and cortex. On tha right is the 32 mm
outer diameter section, also with a press-fit rod in the upper
half and a “cemented” rod in the lower half.
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cobalt-chrome. As with the titanium implants, the
cobalt-chrome implants were also implanted, one
with and one without cement.

The phantoms and specimens were individually
aligned and placed in the center of a 17 cm diameter
cylindrical water bath (approximately thigh-size).
All CT studies were performed on a Somatom DR-3
scanner (Siemens Medical Systems, Inc., Iselin,
NJ, U.S.A)) and reconstructed using the routine
body kernel. Axial slices 2 mm thick were taken of
the stem-bone phantoms, using two techniques: 125
KVp, 230 mAs, 3 s (**high™) and 96 kVp, 300 mAs,
3 s (“low™’) energies. The two energy scans were
obtained for each type of metal rod, with and with-
out the plastic sheaths, for each of the four sized
phantom sections. Following this, 10 contiguous 2
mm thick slices were obtained at each of the phan-
tom sections at 125 kVp, 230 mAs, and 3 s. These
contiguous axial scans were reconstructed using the
Somatom’s multiplanar reconstruction and display
(MPR/D) software to produce planar images (] pixel
thick) orthogonal to the phantom’s long axis (Fig.
4). The cadaveric specimens were scanned at 123
kVp, 230 mAs, and 3 s. A clinical protocol for mul-
tiplanar hip studies was followed and 4 mm thick
slices were taken with 1 mm overlap along the
length of the specimens. These images were also
reformatted using the MPR/D software,

To evaluate sizing accuracy, the scanner’s image
processing software was used to measure the cross-
sectional phantom dimensions (horizontal diame-
ters) for all the axial and multiplanar images (Fig.
5). For the press-fit metal rods (no polycarbonate
sheath), the outer bone phantom diameter and rod
diameter were measured, respectively, at the full
width at half maximum (FWHM) (10) for the inter-
faces of bone equivalent material and water and
bone equivalent material and metal. For the
“‘cemented’’ metal rods (with polycarbonate
sheaths), the outer bone phantom diameter, inner
bone phantom diameter, and rod diameter were
measured respectively, at the FWHM for the inter-
faces of bone equivalent material and water, bone
equivalent matenial and polycarbonate, and bone
equivalent material and metal. Typical values, at
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FIG. 4. Orthogonal image reformatting of the 12 mm cobalt—
chrome rod within its “cement” sheath. Viewing settings are
full width at half maximum for the interface of bone equiva-
lent material and water. Bracket indicates 5 cmn.

125 kVp, were 400 HU for polycarbonate, 1,300 HU
for bone equivalent material, and 3,07} HU for
metal. For each image the respective FWHMs were
mathematically calculated from the image profile
across the diameter of the phantom (horizontal di-
ameter, parallel to the image’s rows). At least two
separate measurements of each material diameter
were made off the CRT, by two of the authors, and
the measurements averaged. The measurements
were made using the Somotom's distance com-
mand. This was done by placing the cursor at the
two ends of the line to be measured. A line angula-
tien calculation was also made by the software and
the angle of the line was always kept at zero. This
helped to assure that the horizontal diameter was
being measured. No sizing was performed on the 96
kVp images because most of the images were too
noisy to reproducibly place the CRT cursor at the
relevant interfaces (Fig. 6).

RESULTS

Measurement of the phantom dimensions from
the transaxial and orthogonal images, in general,

FIG. 5. Measurements of the outer bone
phantom diameter {a) and the metat rod
diameter (b} of the 50:42 mm phantom
section. Brackets (right, a and b) indicate
5 cm. Viewing settings for measurements
were at the full width at half maximum
(FWHM) for the interface of bone equiva-
lent material and water (a) and at the
FWHM for the interface of bone equiva-
lent material and metal {b).
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FIG. 6. Axial image, taken at “low” energy, of the phantom
with the 22 mm diameter titanium rod in place. Viewing set-
tings are tull width at half maximum for the interface of bone
equivalent material and water. Bracket indicates 5 cm.

agreed with the known physical dimensions (Table
1). The axial and orthogonal images of the phan-
toms were equally accurate (no significant differ-
ence, unpaired two-tailed 7 test). Multiplanar refor-
matting of the image data visually eliminated the
artifacts if reconstructions were selected in planes
that did not transect the artifact in the axial images.
However, distance lines could also be passed
through these areas in the axial images that were
free of starburt artifact and measurements made. As
neither the phantom geometry nor the phantom’s
relative position within the scanner changed along
its length, image reformatting was not as visually
dramatically different as with the specimens. The
inner bone diameters around the 42 mm diameter
press-fit stainiess steel rod; the metal rod diameters
around the 28, 36, and 42 mm stainless steel rods;
and the metal rod diameters around the 28 and 42
mm diameter press-fit cobalt-chrome rods were not
measured. As with the 96 kVp images the magni-
tude of the local artifact around the rods made it

difficuit to reproducibly position the CRT cursor for
the distance measurement. For all diameters of ti-
tanium alloy tested (6-42 mm), the average errors of
outer cortical, inner cortical, and rod dimensions
were all <5%.

Visual observations off the CRT of the axial and
orthogonal images of the phantoms and specimens
demonstrated that for equal cross sections the co-
balt-chrome and stainless steel pieces had more
streaking artifacts than the titanium pieces. Viewing
settings were set at a conventional bone setting (220
center and a 2,300 window) and at the FWHM of
the interface of bone and polycarbonate. The CRT
images of the titanium pieces in general were arti-
fact poor (artifact low enough to enable clear visu-
alization of all the cross-sectional anatomy in the
section) (Figs. 7 and 8). Orthogonal reformatting of
the femoral specimens, with the cobalt-chrome and
titanium implants, did improve the ability to visual-
ize the surrounding cortical and cancellous bone.
This was especially helpful proximally where the
implant cross sections are the largest. Reformatting
reduced the visually appreciable artifact content for
the specimens because the implant’s geometry and
relative position changed along the length of the
specimen.

DISCUSSION

Clinically, metal-associated artifacts may de-
grade image quality in the vicinity of surgical clips,
dental fillings, heart valves, and orthopedic hard-
ware (11-19). Artifacts from surgical clips and heart
valves are primarily caused by motion, sharp edge
effects, and aliasing. Artifacts around orthopedic
hardware and dental filings are caused primarily by
the almost complete attenuation, in certain views,
of the X-ray beam as it passes through the metal.

TABLE 1. CT measurement of the stem-bone phantom®

Actual phantom

CT measured dimension around

dimension Titanium rod Cobali-chrome rod Stainless steel rod
QOuter cortical diameter {mm) 50 50(0 50 {0y 50 (D}
32 2{m kP2 (1)} 32
loner cortical diameter {mm} 42 42 (0) 42 () NM
{rod within cement sheaths) 28 28 (D) 28 (0) 284(0)
I8 18 (D) 8 (0.6) ) 18 {0.6)
12 12 (O 12 ¢0.5) 12 (0.5)
Metal rod diameter {(mm) 42 42 () NM NM
(rod press-fit) 36 36 374{0.5) NM
28 28{0) NM NM
22 22 ( 23 (0.5) 23.(
18 18 (0) 19 (D) 19 {0)
12 12 (0.5) 13 (0) 13 (1
6 6 (0.5) 7(0.6) 7 (0.6)

@ Results of the four separate measurements are reporied as the average (rounded to the nearest integer) and standard deviation

(rounded to the nearest 10th) unless marked NM for not measured.
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FiG. 7. Axial images through the cemented titanium implant.
Viewing settings are full width at half maximum for the inter-
face of bone and water. Bracket indicates 5 cm.

Just as the causes of artifacts around metal ob-
jects are different, so are their reductions. Surgical
clip artifacts can be reduced by use of algorithms
that remove projection data inconsistencies caused
by the clip and replaces these inconsistencies with
data consistent to that neighborhood (13). The im-
aging of clips made from less attenuating materials
will also reduce clip artifact (11,16,17). Imaging less
attenuating objects and image reformatting are two
methods of reducing orthopedic implant-associated
artifacts. Imaging less attenuating objects works by
lessening or avoiding the primary cause of these
artifacts. fmage reformatting works because metal
artifact in a given axial slice does not always align
with artifacts in adjacent slices. This is due to
changes in the geometry of the body and implant
from slice to slice, as well as slice to slice changes
in the positioning of the body and implant within the
scanner. Thus some artifact can be averaged out by
integrating between adjacent slices to create new
axial, orthogonal, or oblique reformatting. Com-
mercially available multiplanar reconstruction pro-
grams can easily be used to do this.

Our results demonstrate that CT can be used to
obtain sizing information around some orthopedic
implants. The magnitude of the error for single-
energy X-ray CT sizing of cortical-bone and metal
rod dimensions was initially surprising. It was ex-
pected that beam hardening, with smaller contribu-
tions from scatter and partial volume artifacts,
would cause larger inner bone diameter errors
(2,3,20). However, the results suggest that the
bone-metal combination may have maximally hard-
ened the X-ray beam, in this scanner configuration,

I Comput Assist Tomogr, Vol. 12, No. 2, 1988

such that the expected inaccuracies were not seen.
When measurable and wrong, the diameter mea-
surements were off by 1 mm. This sizing error is
approximately two times the pixel size but equal to
the lower limit of measurement (I mm) for the soft-
ware used. Therefore, the rising percent error with
decreasing metal rod diameters, in the face of a con-
stant 1 mm absolute error, may be more a resuit of
software limitations and the inability to reproduc-
ibly manually position the CRT cursor. Further in-
vestigations will use interpolation and curve fitting
techniques to measure the dimensions with repro-
ducibilities of at least a quarter of a pixel.

Computed tomography in certain situations may
be used for evaluating structures around intramed-
ullary orthopedic implants. Artifact-poor images
can be obtained for routine CT images of orthopedic
hardware made out of titanium or plastic or cobalt-
chrome and stainless steel if they have small diam-
eters (short material path lengths). Based on the
work reported here, CT images of titanium hard-
ware <36 mm in diameter and cobalt-chrome and
stainless steel hardware <22 mm in diameter should
be relatively artifact free. However as the material
path lengths increase so will the artifact. Bilateral
implants, with their large cumulative material path
lengths in certain views, present the worst cases.
Even when significant artifacts are present in the
routine axial images it is still possible to reduce
them by interpolating images, if the implant geom-
etry or relative position of the implant in the scan-
ner changes from slice to slice. Clinically useful im-
ages have been obtained using this approach
(18,19).

The ability to obtain adequate anatomical infor-

FIG. 8. Orthogonal image reformatting (coronal) of the tita-
nium cemented implant. Viewing settings are full width at
half maximum for the interface of bone and water. Bracket
indicates & cm.
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mation arocund intrameduliary orthopedic implants
is critical to both pre- and postoperative assess-
ments. We have used CT to detect avascular necro-
sis (in the contralateral side}, which was not demon-
strable by plain radiography. We have also used CT
to assess the amount and location of cortical bone
prior to revision total hip replacements. The pres-
ence of metallic intramedullary orthopedic implants
in the region of interest should not be a contraindi-
cation to CT. In many instances CT may be vsed to
provide accurate and clinically useful evaluations of
skeletal pathology.
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