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PURPOSE: To investigate the use of standard magnetic resonance (MR) imaging
sequences with simple parameter modifications for the detection and characteriza-
tion of total hip arthroplasty (THA) complications.

MATERIALS AND METHODS: An initial phantom study was performed with
cobalt-chrome and titanium prostheses to establish the imaging parameters for a
subsequent clinical study. In the clinical study, coronal and transverse MR imaging of
14 THA prostheses was performed before and after intravenous contrast material
administration in 12 patients who were being considered for revision arthroplasty.
The images were reviewed for evidence of juxtaarticular or periprosthetic abnormalities,
patterns of contrast enhancement, and quality of periprosthetic tissue depiction.

RESULTS: Phantom study results showed improved periprosthetic tissue depiction
with use of thin sections, increased frequency-encoding gradient strength, and fast
spin-echo sequences. The clinical study results demonstrated periprosthetic abnor-
malities in 11 cases: mechanical loosening in two cases (including one case with an
associated periprosthetic fracture); granulomatosis, eight; and infection, one. In
100% of cases, tissue depiction around the femoral component was judged to be of
‘‘diagnostic quality.’’ Tissue depiction around the acetabular component was of
diagnostic quality in five (36%) cases. In all seven surgically confirmed cases, a
correct diagnosis was made preoperatively with MR imaging.

CONCLUSION: By using simple modifications to standard MR imaging sequences,
diagnostic-quality MR imaging of THA complications can be performed, particularly
around the femoral prosthetic stem.

During the past 30 years, total hip arthroplasty (THA) has become a common, routine
treatment for patients with hip arthrosis. Approximately 800,000 THA procedures are
performed throughout the world each year (1). Of these, more than 120,000 THA
procedures are performed annually in the United States (2). The local complications of THA
procedures are well recognized and include heterotopic bone formation, mechanical
aseptic loosening, prosthetic or periprosthetic fracture, dislocation, superficial and deep
infections, and foreign-body granulomatosis (ie, osteolysis). Such complications are a
common source of patient morbidity and often necessitate revision arthroplastic surgery.

The appropriate examination of a symptomatic patient who has undergone THA
includes diagnostic imaging evaluation. This can involve radiography (3), nuclear medi-
cine studies with bone and gallium scanning (4), joint aspiration (4,5), and arthrography
(6,7). Cross-sectional imaging, however, typically is not used because of imaging artifacts
caused by metal hip prostheses. These imaging artifacts include beam-hardening artifacts
at computed tomography (CT) and metal susceptibility artifacts at magnetic resonance
(MR) imaging.

Investigators have described the use of simple strategies to decrease the MR imaging artifacts
caused by a variety of metal orthopedic devices used throughout the body (8–13). These strategies
have included selective orientation of the frequency-encoding direction along the long axis of
the device (8,12,13), reducing the voxel size (9,13), increasing the readout gradient strength
(9,12), using fast spin-echo imaging (8–12), and using lower static magnetic field strengths.

Despite the prevalence of THA procedures, however, few MR studies have focused on
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imaging around the metal orthopedic hip
prostheses (10,12,14). Tormanen et al (12)
performed an in vitro investigation that
focused on optimizing standard MR se-
quences for imaging around metal ortho-
pedic hip implants. Potter et al (10) per-
formed an in vivo investigation that
focused on the use of MR angiography for
the detection of deep venous thrombosis
and use of MR imaging for the detection
of hip dislocation in patients who had
undergone THA previously.

Lemmens et al (14) performed an ear-
lier clinical MR imaging study of THA
prostheses with a 0.5-T magnet. The re-
sults of this investigation indicated good
depiction of loosening around the distal
part of the femoral component of a THA
prosthesis.Elsewhere,however,poorerdepic-
tion of periprosthetic soft tissue was noted.

Higher magnetic field strengths, how-
ever, are associated with proportionately
larger metal artifacts. This has contrib-
uted to the continuing and prevailing
notion that MR imaging is not appropri-
ate for the assessment of possible THA
complications. To our knowledge, no
clinical study to date has focused on MR
imaging of the numerous periprosthetic
complications of metal hip implants at
1.5 T, nor have there been further studies
performed with lower magnetic field
strengths.

In this study, we performed an initial
clinical investigation aimed at assessing
the feasibility of using standard MR imaging
sequences at 1.5-T magnetic field strength
and with simple imaging parameter modi-
fications for the assessment of various
complications of primary THA.

MATERIALS AND METHODS

Imaging System

All MR imaging examinations were per-
formed with a clinical 1.5-T MR imaging
system (Signa 5.4; GE Medical Systems,
Milwaukee, Wis) by using a phased-array
torso coil (Medical Advances, Milwaukee,
Wis) with a maximum gradient strength
of 10 mT/m.

Initial Gelatin Phantom Study

An initial gelatin phantom study was
performed by using cobalt-chrome and
titanium alloy femoral prostheses to help
establish the section thickness and fre-
quency-encoding gradient strength crite-
ria for the patient study. A brief summary
of the effects of magnetic static field inho-
mogeneities on MR images and simple
methods to reduce these effects is pro-
vided in the Appendix.

Both types of prostheses were placed
into separate plastic tubs filled with 2.6%
commercially available gelatin. The pros-
theses were positioned longitudinally at
the isocenter of the magnet. MR imag-
ing was performed by using a coronal
intermediate-weighted fast spin-echo se-
quence. The frequency-encoding direc-
tion was set along the longitudinal axis of
the prosthesis. Coronal sections were ob-
tained by using the following imaging
parameters: 2,000/13–25 (repetition time
msec/echo time msec), echo train length
of four, 30-cm field of view, 256 3 256
matrix, and one signal acquired. The sec-
tion thicknesses varied between 5, 10,
and 20 mm. The readout bandwidths
(commensurate with frequency-encod-
ing gradient strength for the same field of
view) varied between 8, 16, and 32 kHz.
In addition, standard coronal intermedi-
ate-weighted spin-echo imaging with simi-
lar parameters was performed to qualita-
tively assess the differences between spin-
echo and fast spin-echo imaging.

Patient Study

All patients were referred to our institu-
tion for orthopedic consultation and con-
sideration for revision arthroplastic sur-
gery. Fourteen metal hip implants in 12
patients (seven women, five men; mean
age, 65 years; age range, 41–83 years)
were studied. The mean time between the
primary THA procedure and imaging was
15 years (range, 6 months to 30 years). All
patients presented with complaints of
pain and/or had abnormalities at radiog-
raphy. The symptomatic complaints in-
cluded local hip-groin pain in seven pa-
tients, hip and thigh pain in two patients,

a. b.

Figure 1. Artifact caused by section-thickness variation. (a, b) Coronal MR images (2,000/15)
through the center of a titanium femoral prosthesis in a gelatin phantom, with section thicknesses
of (a) 5 and (b) 10 mm. The 5-mm section thickness was noted empirically to enable better
periprosthetic visualization without a noticeable effect on the signal-to-noise ratio and thus was
chosen for use in the clinical study.
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and isolated thigh pain and radiating
pain from the hip to the knee, respec-
tively, in one patient each. One patient
was asymptomatic but had a focal area of
periprosthetic hyperlucency in the proxi-
mal femur. In the two patients who had
undergone bilateral arthroplasty, both hip
implants were imaged. Thirteen of the
hip prostheses were composed of a cobalt-
chrome alloy, and one was composed of
stainless steel.

Four THA prostheses were cemented,
seven were not cemented, and three were
hybrid devices with cemented acetabular
components and noncemented femoral
prostheses. Cement fixation, however,
was not expected to have a major effect
on imaging (15).

MR Imaging Parameters

Transverse T2-weighted images were
acquired by using a fast spin-echo se-

quence. The imaging parameters were
4,500–5,500/100, echo train length of 16,
5-mm section thickness with no intersec-
tion gap, 22–30-cm field of view, 32-kHz
readout bandwidth, 256 3 192 matrix,
and three signals acquired.

Coronal fast inversion-recovery (ie, fast
multiplanar inversion-recovery) images
were obtained with a relatively long echo
time to provide T2 weighting. The imag-
ing parameters were 5,000/40/150 (inver-
sion time msec), echo train length of
eight, 5-mm section thickness with
no intersection gap, 22-cm field of view,
256 3 192 matrix, and two signals ac-
quired.

Transverse and coronal T1-weighted im-
ages were acquired with a T1-weighted
fast spin-echo sequence. The imaging pa-
rameters were 450–600/10–15, echo train
length of four, section thicknesses of 10
mm for transverse images and 5 mm for
coronal images with no intersection gap,

22–30-cm field of view, 32-kHz readout
bandwidth, 256 3 256 matrix, and two
signals acquired.

T1-weighted sequences were used be-
fore and after the intravenous administra-
tion of 2.0 mL/kg gadopentetate dimeglu-
mine (Magnevist; Berlex Laboratories,
Wayne, NJ) into the antecubital fossa. To
avoid problems caused by the inhomoge-
neity of spectral fat suppression in the
vicinity of the metal prostheses, no fat
suppression was used at postcontrast T1-
weighted imaging.

Image Evaluation

The MR images were reviewed indepen-
dently by two radiologists (L.M.W., N.M.)
who were blinded to the radiographic
findings and clinical symptoms. The im-
ages were assessed for evidence of juxtaar-
ticular or periprosthetic fluid collections,
periprosthetic osseous defects, peripros-

a. b. c.

Figure 2. Artifact variation with frequency-encoding gradient strength. (a–c) Coronal MR images (2,000/15) of a titanium femoral prosthesis
obtained by using (a) 8-, (b) 16-, and (c) 32-kHz bandwidths for the corresponding field of view show the effect of increasing the frequency-encoding
gradient strength on misregistration artifact (arrows in a). The change in this parameter resulted in the greatest visible artifact reduction. In the
transition from a 16-kHz to 32-kHz readout bandwidth, the linear misregistration of the edge of the signal void was halved.
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thetic soft-tissue masses, and patterns of
periprosthetic enhancement.

In cases in which revision arthroplasty
was subsequently performed, the surgical
pathologic findings of periprosthetic tissue
specimens were correlated with the prior
MR imaging findings. In addition, each ob-
server made a qualitative assessment of the
bone and soft-tissue resolution surrounding
the prosthetic components. The peripros-
thetic structures assessed included juxtapros-
thetic marrow and cortical bone, as well as
the normal soft-tissue structures surround-
ing the acetabulum and proximal femur,
including the sciatic nerve and obturator,
iliopsoas, and adductor musculature. Peri-
prosthetic image quality was considered to
be poor or nondiagnostic when there was
no depiction of periprosthetic structures,
good when there was diagnostic but subop-
timal resolution of periprosthetic bone and
soft tissue, or excellent when there was clear
depiction of periprosthetic structures.

Interobserver variability in the assess-
ment of periprosthetic image quality
around the acetabular and femoral com-
ponents was recorded, and a weighted k
statistic was calculated (16).

RESULTS

Initial Gelatin Phantom Study

The results of the initial gelatin phan-
tom study demonstrated a typical signal

void profile on the coronal sections of
both the cobalt-chrome and titanium
prostheses (Fig 1). The head of these
prostheses has an essentially spherical
geometry. The signal void around the
head of the prosthesis developed in a
clover leaf–like pattern, mainly because
of section thickness variation around a
spherical metal source (17) but also be-
cause of misregistration artifact (Fig 2).
This was particularly apparent with the
cobalt-chrome prostheses. Around the
femoral stem, the signal void was linear
and followed the longitudinal axis of the
prosthesis. At the tip of the stem, depend-
ing on the direction of misregistration, a
small focal region of signal void was seen.
As expected, artifacts were less marked
surrounding the titanium prosthesis
(9,18). As a result, the frequency-encod-
ing gradient was oriented parallel to the
long axis of the femoral prostheses dur-
ing our clinical study to decrease the
degree of artifact along the bone pros-
thetic interface of the femoral prosthetic
stem (8,12,13).

In varying the section thicknesses be-
tween 5 and 10 mm, the 5-mm section
thickness was noted empirically to enable
better visualization of the periprosthetic
gelatin without a noticeable effect on the
signal-to-noise ratio. In addition, increas-
ing the frequency-encoding gradient
strength produced a large, visible artifact
reduction. As expected (13), with the

transition from a 16-kHz to 32-kHz read-
out bandwidth, the linear misregistration
of the edge of the signal void was halved.

With our MR imaging system, as with
most clinical MR imaging systems, a 32-
kHz readout bandwidth is the highest
currently available bandwidth option on
the operator console. A 32-kHz readout
bandwidth was therefore chosen for our
clinical study (9,12).

As expected, a mild improvement in
the appearance but not in the size of the
signal voids was noted with the use of fast
spin-echo imaging versus spin-echo imag-
ing (11). Only fast spin-echo imaging
sequences were therefore used in our
study.

Patient Study

By using the imaging techniques de-
scribed, periprosthetic abnormalities were
detected at MR imaging of 11 of the 14
metal hip implants (in 11 patients) as-
sessed by both observers. Three arthroplas-
tic prostheses demonstrated no focal peri-
prosthetic abnormalities at MR imaging.

Seven of the 11 patients with peripros-
thetic abnormalities at MR imaging subse-
quently underwent THA revision. In each
of these cases, the surgical and pathologic
findings correctly correlated with the prior
MR imaging findings. Two cases showed
evidence of mechanical loosening, one of
which had an associated periprosthetic
fracture. Four cases demonstrated foreign-
body granulomatosis. One case of infec-
tion also was demonstrated. The remain-
ing four patients with periprosthetic
abnormalities at MR imaging, who had
not undergone surgery at the time this
article was written, all had MR imaging
findings that were consistent with foreign-
body granulomatosis. Three of these pa-
tients are currently awaiting THA revision
surgery. Revision surgery has been de-
ferred for the last patient owing to a
superimposed medical condition.

In all eight suspected or proved cases of
foreign-body granulomatosis, a focal peri-
prosthetic intraosseous mass with low T1
signal intensity and heterogeneous, pre-
dominately low to intermediate T2 signal
intensity was seen (Figs 3, 4). With the
intravenous administration of contrast
material, all cases of suspected foreign-
body granulomatosis demonstrated pe-
ripheral enhancement and some irregular
internal enhancement. Five of the cases
involved granulomatosis situated around
both the femoral and acetabular compo-
nents. One case involved the acetabular
component only, and two involved the
femoral component only. Of the four

a. b.

Figure 3. Foreign-body granulomatosis. (a) Coronal, T1-weighted fast spin-echo image (500/10;
echo train length, four) shows a low-signal-intensity mass (arrows) within the posterior column of
the acetabular wall adjacent to the inferomedial aspect of the acetabular prosthesis. (b) Cor-
responding coronal, T2-weighted fast multiplanar inversion-recovery image (5,000/40/150, echo
train length of eight) shows a heterogeneous, predominantly low- to intermediate-signal-
intensity mass (arrows).
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cases of granulomatosis in which the
patient underwent surgery (all proved
to be positive), two involved both the
femoral and the acetabular peripros-
thetic tissue, and two involved only the
periprosthetic aspect of the femoral com-
ponent.

In both proved cases of mechanical
loosening, low-signal-intensity fluid col-
lections parallel to the femoral prosthetic
stem were observed (Fig 5). In one of
these cases, associated femoral prosthetic
penetration of the adjacent bone cortex
indicated a periprosthetic fracture that
was subsequently confirmed during sur-
gery (Fig 6).

In the proved case of infection, a pe-
ripherally enhancing juxtaarticular fluid
collection communicating with the un-
derlying arthroplastic implant was consis-
tent with infection and juxtaarticular ab-
scess formation (Fig 7).

In terms of image evaluation, there was
excellent (26/28 [93%] interpretations)
interobserver agreement in the qualita-
tive assessment of periprosthetic image
resolution, with a weighted k value of
0.90. Depiction of the periprosthetic
bone and soft tissue surrounding the
femoral prosthesis component on
the acquired MR images was considered
by the first reviewer to be excellent
in six of 14 cases. The second reviewer
judged seven cases as having excellent
periprosthetic depiction. Depiction was
considered by both reviewers to be
good in all the remaining cases. No ac-
quired MR image was judged to have poor
or nondiagnostic depiction of tissue
around the femoral prosthesis compo-
nent. Thus, the images of tissue surround-
ing all the femoral prosthesis compo-
nents were of diagnostic quality in 100%
of cases.

Depiction of the acetabular peripros-
thetic structures was judged to be excel-
lent in two of 14 cases by the first re-
viewer and in one case by the second
reviewer. Depiction was deemed good in
three cases and four cases, respectively, by
the two reviewers. Both reviewers judged
the depiction of periacetabular structures
to be poor in nine cases. Thus, depiction
of the acetabular periprosthetic structures
was considered by both reviewers to be of
diagnostic quality in five (36%) of 14
cases.

The depiction of periprosthetic struc-
tures in the one case with a stainless steel
prosthesis was judged by both reviewers
to be good surrounding the femoral pros-
thesis and poor surrounding the acetabu-
lar component. No substantial differ-
ences in periprosthetic imaging artifacts

between the cemented and noncemented
prosthetic components were noted.

DISCUSSION

MR imaging has not been typically used
for the diagnostic assessment of THA
complications, probably because of the
prevailing belief that metal-induced arti-
fact obscures the desired detail. In this
initial clinical investigation, however, the
study results showed that common THA
complications, especially those involving
tissues around the femoral stem, can be
diagnosed by using MR imaging with
relatively simple imaging modifications
(described in the Materials and Methods
section and Appendix).

Mechanical loosening is usually diag-
nosed radiographically on the basis of
periprosthetic areas of radiolucency, tem-

poral changes in prosthetic positioning,
and the filling of areas of periprosthetic
hyperlucency with radiographic contrast
material at joint arthrography. In this
study, the two cases of mechanical loosen-
ing (both surgically proved) manifested
on the preoperative images as nonenhanc-
ing fluid collections with low T1 signal
intensity and high T2 signal intensity
surrounding the femoral stem (Fig 5).

Foreign-body granulomatosis, or micro-
particle disease, is a process of local for-
eign-body reactions to various substrates
of arthroplasty, including poly-methyl-
methacrylate, metal, and polyethylene;
this condition results in periprosthetic
bone loss. On radiographs, foreign-body
granulomatosis typically manifests as
lobulated regions of periprosthetic oste-
olysis. In this study, the cases of suspected
foreign-body granulomatosis manifested
as focal periprosthetic intraosseous masses
with low T1 signal intensity and heteroge-
neous, predominately low to intermedi-
ate T2 signal intensity. With the intrave-
nous administration of contrast material,

a. c.

Figure 4. Foreign-body granulomatosis.
(a) Conventional anteroposterior radiograph
of the right hip shows a focal intraosseous area
of hyperlucency (arrows) in the greater tro-
chanter. (b) Transverse, T1-weighted fast spin-
echo image (500/10; echo train length, four)
shows the full extent of the intraosseous low-
signal-intensity mass (arrows), which has sur-
rounded the prosthesis entirely and replaced
the marrow space of the proximal femur.
(c) Coronal, T2-weighted fast multiplanar in-
version-recovery image (5,000/40/150, echo
train length of eight) shows heterogeneous,
predominantly low-signal-intensity mass (ar-
rows), which is consistent with microparticle
disease, or foreign-body granulomatosis.

b.
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foreign-body granulomatosis demon-
strated peripheral enhancement and some
irregular internal enhancement.

MR imaging has been shown to be
highly sensitive and specific for the detec-

tion of osseous fractures (19–21). In the
single case of periprosthetic fracture in
this study, we observed cortical penetra-
tion of the proximal femur by the stem of
the femoral prosthesis in the setting of

underlying mechanical loosening (Fig 6).
On the basis of the conventional radio-
graphic findings, the patient acquired
this fracture during the interval between
initial clinical consultation and MR imag-
ing. It is plausible that, with appropriate
MR imaging, other types of fractures in
addition to occult longitudinal peripros-
thetic fractures may be detected.

Infection is a relatively uncommon THA
complication that is seen with less than
1% of all THA procedures performed (22).
Radiographs in the setting of infection
are often nonspecific, and the diagnostic
evaluation for possible infection can in-
clude nuclear medicine imaging and/or
joint aspiration. In the single case in this
study, an irregular, peripherally enhanc-
ing fluid collection with low signal inten-
sity at T1-weighted imaging and high
signal intensity at T2-weighted imaging
was demonstrated, and this high or low
signal intensity communicated with the
underlying prosthetic hip joint (Fig 7).
Although all infections do not result in
periarticular abscess or fluid collections,
the presence of juxtaosseous fluid at MR
imaging has been recognized as an impor-
tant sign in the diagnosis of osteomyelitis
(23–25). The specificity of the finding of
periprosthetic fluid collections in the set-
ting of pain following THA and the fea-
tures that distinguish juxtaarticular ab-
scess collections from fluid secondary to
mechanical loosening are not yet known.

In this investigation, there was diagnos-

a. b.

Figure 5. Mechanical loosening. (a) Transverse, T1-weighted fast spin-echo image (500/10; echo
train length, four) through the proximal femur shows a nonspecific area of low signal intensity
(arrows) surrounding the femoral prosthetic stem (asterisk). (b) Coronal, T2-weighted fast
multiplanar inversion-recovery image (5,000/40/150, echo train length of eight) shows an area of
high signal intensity (arrows) paralleling the lateral aspect of the femoral stem; this finding is
consistent with mechanical loosening.

Figure 6. Transverse, T1-weighted fast spin-
echo image (500/10; echo train length, four)
shows a periprosthetic fracture of the proximal
femur. Prosthetic penetration is seen through
the cortex of the proximal femur, with the
femoral prosthetic stem (arrows) extending
anterolaterally into the soft tissues of the thigh.
Normal bone marrow fat (asterisk) is seen
medially within the residual portion of the
femoral diaphysis.

a. b.

Figure 7. Infection. (a) Transverse, T2-weighted fast multiplanar inversion-recovery image
(5,000/40/150, echo train length of eight) shows an irregular area of high signal intensity (asterisk)
along the soft tissues of the lateral region of the thigh. (b) On the corresponding T1-weighted fast
spin-echo image (500/10; echo train length, four) obtained after the intravenous administration
of gadopentetate dimeglumine, the central area of low signal intensity (asterisk) and peripheral
rim enhancement of the mass are suggestive of an abscess collection. Sinus tracts (arrows in a and
b) can be seen extending down to the THA prosthetic articulation and peripherally into the
subcutaneous soft tissues.
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tic-quality depiction of the periprosthetic
structures surrounding the femoral pros-
theses in 100% of cases according to the
two observers. Reduced (36%) diagnostic
depiction of the periprosthetic soft tissue
and bone surrounding the acetabular
components was noted. This latter result
is reasonable, considering the compli-
cated section thickness and orientation
variation that occurs in the proximity of a
structure with spherical geometry (17)
and the complex influence of the metal-
lic acetabular component.

The potential clinical use of MR imag-
ing in the investigation of suspected THA
complications was highlighted in three
cases in which the MR imaging findings
directly affected the subsequent clinical
management. In one case, infection was
diagnosed at MR imaging 6 months after
the initial joint replacement. Clinical
management was altered in this case,
with joint aspiration, resection arthroplasty,
and long-term antibiotic therapy initiated
before revision arthroplastic surgery.

In the second case, the patient’s radio-
graphic findings suggested possible for-
eign-body granuloma formation within
the proximal femur, but the MR images
showed the fatty bone marrow to have
normal signal intensity without a focal
periprosthetic abnormality; these find-
ings were suggestive of stress shielding.
On the basis of the MR imaging findings
in this patient, the initial plans for revi-
sion surgery were deferred.

In the third case, the MR images showed
a large periprosthetic abnormality that
was consistent with foreign-body granu-
loma involving the entire proximal fe-
mur (Fig 4). The preoperative surgical
plan, which was initially based on the
radiographic findings (Fig 4a), was al-
tered. MR imaging delineated the size and
extent of granuloma formation and the
lack of residual bone stock within the
proximal femur (Fig 4b, 4c). The initial
treatment plans were changed from local
curettage and impaction bone grafting to
resection and allograft reconstruction of
the proximal femur. MR imaging, there-
fore, aided in specifying the type and
amount of bone grafting required for
successful revision surgery; these factors
may be particularly critical for surgical
planning at centers that do not have an
on-site bone bank.

One limitation of our study was the
relatively small number of THA prosthe-
ses imaged; this was mainly because of
our patient selection criterion. Only those
patients who were being considered for
revision surgery on the basis of radio-
graphic and/or clinical abnormalities were

selected. This criterion, however, allowed
us to assess the imaging of advanced
stages of disease and THA complications,
which is ideal for an initial assessment of
MR imaging of THA complications. Even-
tually, the capability of MR imaging to
help assess the early changes of disease
and THA complications will need to be
investigated. It should be noted, how-
ever, that a large number of cases is not
necessarily required to demonstrate a
technique’s ability to depict peripros-
thetic soft tissue and bone regions in the
setting of THA.

Another limitation of our study was
the fact that the three patients who did
not have focal periprosthetic abnormali-
ties at MR imaging did not undergo revi-
sion surgery. Thus, the negative findings
in the study could not be confirmed. In
addition, although MR imaging had a
clinical effect in some of the cases de-
scribed, no testing of the accuracy of the
technique was performed as a compo-
nent of this initial investigation. Thus,
although MR imaging appears to be prom-
ising, the true clinical value of the tech-
nique in the setting of suspected THA
complication has yet to be assessed.

In this initial investigation, we did not
perform a direct comparison between MR
imaging findings and radiographic find-
ings. Although comparison of the relative
sensitivity, specificity, and accuracy of
MR imaging versus those of radiography
in patients with suspected complications
of THA may be an important future inves-
tigation, such a comparison was not at-
tempted in this investigation. The pur-
pose of this initial study was to assess the
feasibility of using MR imaging, with
simple modifications in technique, in the
examination of patients with possible
complications of primary THA.

Although it is clear that diagnostic-
quality MR imaging around the femoral
component can be performed, the diffi-
culty in imaging around the acetabular
component is a problem intrinsic to the
geometry of the acetabular component
and its effect on two-dimensional MR
imaging. This remains a difficult problem
to address efficiently.

Decreasing the primary magnetic field
strength might be beneficial to MR imag-
ing around metal hip implants. This
would commensurately reduce geometric
distortion artifact with the same fre-
quency-encoding gradient strengths. The
use of lower primary magnetic field
strength should be considered, particu-
larly with regard to its effect of reduced
signal-to-noise resolution.

Using alternative MR imaging sequences

or adaptations of those currently used may
result in further minimization of metal
artifacts. For instance, the use of three-
dimensional techniques will help to re-
duce the voxel volume and eliminate the
section thickness variation caused by
static field distortions. These sequences,
however, tend to be time-consuming. In
addition, a two-dimensional, view-angle
tilting adaptation, as described by Cho et
al (26), may be implemented as a means
of eliminating misregistration.

In conclusion, the use of MR imaging
in examining patients with possible THA-
related complications is an underinvesti-
gated clinical area. The results of this
study of 14 THA prostheses in symptom-
atic patients demonstrate that practical
and consistent diagnostic-quality 1.5-T
MR imaging of THA complications can be
performed, especially around the femoral
stem.

APPENDIX

MR Imaging Artifacts Associated with
Metal Implants

The major MR imaging artifacts associ-
ated with metal implants are well known.
These artifacts include geometric distortion
of signal intensity in the frequency-encod-
ing direction (also known as misregistra-
tion), section thickness variation due to
altered excitation profiles in two-dimen-
sional imaging, increased signal intensity
loss due to diffusion effects from the para-
magnetic implant, and substantially in-
creased dephasing at gradient-echo imag-
ing.

Misregistration in the frequency-encod-
ing direction is well described and creates
characteristic signal intensity variations, de-
pending on the implant’s shape and orienta-
tion (8,9,12,13,27). There is no misregistra-
tion in the phase-encoding direction because
phase encoding performed with variable
amplitudes is immune to misregistration.

Section thickness variation is a result of
altered excitation profiles in a distorted pri-
mary magnetic field (9). In the presence of a
mildly distorted primary magnetic field, an
excited section takes on a warped appear-
ance, as it follows isomagnetic lines within
the imaging volume. In the presence of a
ferromagnetic material—for example, a
metal sphere—section thickness variation
increases markedly and the profile of the
section takes on a complex structure (17).
Much of the signal void proximal to a
spherical metal object is related to section
thickness variation (17).

Diffusion-related signal intensity loss in-
creases in the proximity of a metal implant.
In spin-echo imaging, a refocusing pulse
recovers the transverse signal intensity loss
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caused by static influences such as primary
magnetic field inhomogeneities and bulk
susceptibility differences. Transverse signal
intensity that is not recoverable with a
refocusing pulse contributes to T2 relax-
ation. In the presence of very large magnetic
field gradients, such as those imposed by a
metal hip implant in its vicinity, randomly
moving water molecules undergo increased
spin dephasing that is not completely recov-
erable with a refocusing pulse. Therefore,
near a metal implant, a long echo time, such
as that in T2-weighted spin-echo imaging,
causes increased signal intensity loss from ran-
dom microscopic processes such as diffusion.

Unlike in spin-echo imaging, in gradient-
echo imaging of metal implants there is no
refocusing pulse and, thus, there is addi-
tional intravoxel dephasing (T2*) that cre-
ates marked signal voids. Although decreas-
ing the voxel size (28) or shortening the
echo time (29) can improve gradient-echo
imaging to some degree, the extent of intra-
voxel dephasing with this sequence usually
precludes its regular use in the evaluation of
tissue around metal implants.

If spectral fat saturation is used during an
MR imaging sequence, static field or applied
radio-frequency inhomogeneities can cause
nonuniform signal intensities (30).

Other MR imaging artifacts, such as those
related to static field (4) or applied radio-
frequency (31) eddy currents, exist. These,
however, are relatively nonsubstantial in
magnitude.

MR Imaging Metal Artifact Reduction
Techniques

Simple modifications to imaging param-
eters can be made to reduce the MR imaging
artifacts caused by metal implants. First,
misregistration artifact is proportional to
static field inhomogeneity and inversely
proportional to applied frequency-encoding
gradient strength. Therefore, increasing the
frequency-encoding gradient strength de-
creases the misregistration artifact propor-
tionately (12,32).

Second, selective orientation of the fre-
quency- and phase-encoding gradients im-
proves the resolution of tissues surrounding
metal implants by changing the misregistra-
tion artifact direction (8,12,13). In addi-
tion, the degree of such a resultant misregis-
tration signal void is smallest with metal
implants that are oriented longitudinally in
the static magnetic field (8,9,12,13,27).

Third, to our knowledge, the effect of
variable section thickness has been largely
ignored in previously published literature.
With the femoral stem placed longitudi-
nally in the primary magnetic field, mini-
mal effects on section curvature and thick-
ness in the transverse or coronal orientation
would be expected because of the symmet-
ric geometry of the stem (33). In the region

of the prosthesis head, however, which is
roughly spherical in geometry, extreme
variation in section thickness can occur
(17). Although increases or decreases in the
selected section thickness may aid in visual-
ization, the section thickness variation can
be completely controlled only by using
three-dimensional acquisition with phase
encoding of the section-select direction. This
option, however, is not always practical
because of examination time constraints.

Fourth, fast spin-echo imaging techniques
can produce a modest increase in MR signal
intensity near metal implants owing to sev-
eral complex reasons. Fast spin-echo imag-
ing refocuses spins at a faster interval than
does conventional spin-echo imaging and
thus causes a small increase in signal inten-
sity by reducing diffusion-related signal in-
tensity loss. This effect increases with smaller
interecho spacing (8). Furthermore, fast spin-
echo sequences are robust to malrotations
of signal. Malrotation of signal is a potential
problem with spin-echo multiecho se-
quences, wherein malrotated signal inter-
feres with the primary signal pathway and
thus creates artifacts; this effect is markedly
reduced with crusher gradients around each
180° pulse. The fast spin-echo k-space path-
way, however, is special in that it causes
most malrotated signal to run in phase with
the primary signal pathway; no crusher gra-
dients are required (34). Because fast spin-
echo sequences use rather than eliminate
malrotated signal, there is a modest increase
in signal intensity relative to that with multi-
echo spin-echo sequences per effective echo
time. Accordingly, fast spin-echo sequences
can use 180° refocusing pulses that are
slightly more spatially thick than the 90°
excitation pulse, to result in better refocus-
ing of excited signal without concern for
increased regions of malrotation.

It should be noted that, contrary to com-
mon misconception, fast spin-echo imaging
does not reduce signal voids created as a
result of misregistration artifacts by reduc-
ing misregistration artifact, but rather it
reduces these voids by increasing the signal
intensity inherent in the described mecha-
nisms.

Fifth, reducing the voxel size increases the
spatial definition of implant-induced signal
void and thus reduces the apparent size of
the void (9). A simple technique to reduce
the voxel size without increasing the exami-
nation time is to increase the number of
pixels in the frequency-encoding direction
(9). Furthermore, smaller voxels help to
reduce diffusion-related signal intensity loss.

Sixth, the signal intensity variation associ-
ated with spectral fat saturation in a nonuni-
form magnetic field may be reduced by
using a fast multiplanar inversion-recovery
sequence, which is an effective fat satura-
tion technique that is less vulnerable to
magnetic field variation (30).
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