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Abstract 

Background: Metal-on-metal (MoM) hip replacement, a durable alternative to conventional 

metal -on-polyethylene hip replacement, is increasingly common nowadays. There is a 4-8% 

incidence of pain and complications which usually go undetected on radiographs. MRI has a 

vast potential for early diagnosis in these cases. Aim: To evaluate the feasibility of MR 

imaging in MoM hips and to review the MR imaging features of various complications 

associated with metal on metal hip implants. Materials and Methods: 41 patients with 52 

replaced hips using MoM prostheses underwent MRI on a 1.5T scanner using standard 

clinical protocols optimized to minimize metallic susceptibility artifact, known as metal 

artefact reduction sequences (MARS). A standardized reporting was done with specific 

comment on periprosthetic osteolysis, loosening, periprosthetic soft tissue mass, gluteal 

muscle atrophy, iliopsoas atrophy, muscle edema, muscle/ tendon tear and lymphadenopathy. 

Results: Diagnostic images were obtained in all patients. Of the 52 hips, 32 had total hip 

replacement (THR) and 20 had resurfacing. The following abnormalities were found. 

Periprosthetic osteolysis (5), Periprosthetic soft tissue mass (24), Gluteal muscle atrophy – 

moderate to severe (15), Iliopsoas atrophy (15), Muscle edema (0), Muscle / tendon tear (0), 

Lymphadenopathy (5). Conclusion: MRI on a 1.5T scanner is a viable technique to image 

the MoM hip and shows well the various complications associated with post arthroplasty 

hips. 
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Introduction  

 

Metal-on-metal (MoM) hip replacement, a 

durable alternative to conventional metal-on-

polyethylene hip replacement, is increasingly 

common nowadays and with increasing 
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life span and decreased clinical threshold for 

surgery this number will continue to rise. It 

can either have a conventional total hip 

replacement or the newer resurfacing design 

which has the advantage of sparing thenative 

femoral neck. The common indications are 

avascular necrosis and osteoarthritis, with 

seronegative arthritides, rheumatoid arthritis, 

trauma and infection being among the other 

common indication. 
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There is a 4-8% incidence of pain and 

complications which are usually 

asymptomatic but may require surgical 

revision and hence highlights the need for 

imaging followup.The various complications 

following arthroplasty include: Aseptic 

loosening, particle disease (osteolysis), 

infection, component wear, dislocation, 

fracture, heterotopic ossification, metal-

induced reactive mass, abductor muscle tear, 

iliopsoas impingement and muscle atrophy.  

 

Radiographs, though still the mainstay in 

evaluating a post arthroplasty hip, and 

reasonably reliable in the detecting 

dislocation, fracture and heterotopic 

ossification, has vast limitations especially in 

evaluation of soft tissue details. 

Differentiating loosening from infection 

especially in their early stages can also be 

tricky on radiographs and MR complements 

radiographs perfectly. Nevertheless, cross 

sectional imaging in postarthroplasty hips 

has always been a challenge because of the 

susceptibility artifacts on MRI and beam 

hardening on CT scan which prevent 

accurate evaluation of regions of interest 

near the implants.
1,2 

However,  lately with 

the advent of specialised metal artefact 

reduction sequences(MARS) and newer 

instrumentation, the challenge of 

susceptibility artefacts due to the metal 

implants have largely been overcome and 

MR with its inherent ability of  better soft 

tissue delineation has provided a phenomenal 

edge in providing a more accurate diagnosis 

of the underlying complications.
3,4

  
 

Magnetic susceptibility effects on spins near 

a metal object in a magnetic field result in 

two main types of image distortion: (a) due 

to spatial misregistration, on both 

conventional spin-echo (SE) and gradient-

echo (GRE) images, and (b) loss of signal 

intensity because of intravoxel dephasing, 

(T2*effect) on GRE images
1,3

 as these 

sequences, unlike SE, include no 180° 

refocusing pulse, which enables recovery of 

the transverse signal lost because of static 

magnetic field inhomogeneities and bulk 

susceptibility differences in SE sequences.
1, 

4-7 

 

The metal artifact reduction sequences 

(MARS) reduce the size and intensity of 

susceptibility artifacts from magnetic field 

distortion thus allowing assessment of the 

periprosthetic soft tissues. These sequences, 

which are based on view angle tilting, 

smaller interecho spacing, increased readout 

bandwidth and frequency-encoding direction 

oriented away from the tissues of interest, 

can conveniently be used in conjunction with 

any spin-echo sequence and requires 

minimal additional imaging time.
6-15 

 

Despite this, MR imaging in MoM hip 

replacements has been relatively unexplored 

and the purpose of this study is to show that 

MRI is feasible in patients with MoM hips 

and to provide an insight into the MR 

imaging features of the various 

complications associated with MoM hips.  

 

Materials and Methods 

 

41 patients with 52 replaced hips using MoM 

prostheses presented for MRI. The duration 

of replacement ranged from 6 months to 5.5 

years. 

 

All MRI studies were performed on a 1.5T 

scanner (Magnetom, Siemens, Germany) 

after obtaining an informed consent from the 

patients. Both hips were scanned together in 

a six channel body coil. All subjects 
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underwent MRI using standard clinical 

protocols optimized to minimize metallic 

susceptibility artefact. The protocol included 

STIR, T1W and T2W coronal, T1W and 

T2W axial and T2W sagittal sequences. 

Ethical committee clearance was not 

obtained as the study was retrospective. 

 

Fast spin-echo (FSE) T1W and T2W images 

were obtained in the coronal, axial and 

sagittal planes with the frequency encoding 

direction oriented away from the tissues of 

interest. The parameters were as follows: TR 

range, 400–4000 ms; TE range, 8-102 ms; 

bandwidth 600 - 751; FOV, 300-400mm; 

number of signals acquired, 2; acquisition  

 

 
Fig. 1: Type 1 collection anterior to greater trochanter. 

 

 
Fig. 2: Thick walled type 2 collections in left psoas distally. 

 

 
Fig. 3: Type 3 collection: Heterogenous signal intensity soft tissue within the iliopsoas 

bursa on left.  
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matrix, 256-320 (frequency) × 75-80(phase); 

and slice thickness, 4 mm. A fast inversion 

recovery sequence was performed in the 

coronal plane using the following 

parameters: TR/ TE, 4480/49; inversion 

time, 130 ms; bandwidth, 407; FOV, 300-

350mm; number of signals acquired, 2; 

acquisition matrix, 256 (frequency) × 100 

(phase); and slice thickness,4 mm. The 

average acquisition time was 2-4 min for 

each imaging plane with a total acquisition 

time of approximately 25-30 minutes.The 

images from each sequence were loaded on a 

workstation (Osirix, IMAC, Apple, Inc). 

 

Structured reporting was done with 

comments on specific issues following hip 

replacement viz, Periprosthetic soft tissue 

mass, Periprosthetic osteolysis, Gluteal 

muscle atrophy, Iliopsoas atrophy, Muscle 

edema, Muscle/Tendon tear and 

lymphadenopathy. 

 

Periprosthetic soft tissue was defined as 

abnormal fluid/ intermediate- to low-signal- 

intensity lesion adjacent to the prosthesis on 

T1W and T2W images. The low signal on 

T2-weighted images reflects metal 

deposition. 

 

Sometimes high T1 signal intensity was also 

seen and this may also reflects metal 

deposition, though haemorrhage may also 

present similarly. A peripheral T1 

hyperintense rim may also be indicative of 

infection. Hence, there is always a dilemma 

in distinguishing juxtaarticular abscess from 

these reactive masses on the basis of imaging 

features, especially in symptomatic patients 

and diagnostic confidence can be achieved 

only by biopsy and analysis of the material. 

 

The periprosthetic soft tissues were classified 

into three types based on MRI findings: Type 

1, cystic masses with wall<3 mm (Fig. 1); 

type 2, cystic masses with wall > 3 mm but 

less than the diameter of the cystic 

component (Fig.2); and type 3, 

predominantly solid masses (Fig. 3).
16 

The 

size of the mass and its relationship to 

surrounding structures was meticulously 

defined. Careful inspection for 

communication of collection with joint was 

done to avoid erroneously labelling a 

thickened noncommunicating trochanteric 

bursa as a ―reactive mass.‖
17 

 

Osteolysis was denoted as intermediate- 

signal-intensity marrow replacement of the 

hyperintense fatty marrow. The presence, 

location (acetabular, femur or both) as well 

as the size was recorded. The 

pathophysiology behind this periprosthetic 

ostelolysis was essentially the same as that 

described for the reactive masses. 

 

Focal well defined area of osteolysis without 

surrounding edema was usually labelled as 

focal particle disease (Fig. 4). 

 

Linear, long segment,fluid signal-intensity 

marrow replacement of >2mm width, along 

the bone prosthesis interface, without 

significant marrow edema, was suggestive of 

aseptic loosening of the prosthesis (Fig. 5). 

An irregular illdefined area of osteolysis 

with marrow edema was usually seen in 

casesof infection. Presence of enlarged 

lymph nodes added to the level of 

confidence. 

 

The gluteus and ilio- psoas muscles were 

assessed for the presence of atrophy, defined 

as loss of volume and the presence of fatty 

replacement, and for the presence of muscle  
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Fig. 4: Focal particle disease: Focal areas of periprostheticosteolysis in left greater 

trochanter. 

 

 
Fig. 5: Loosening: Linear fluid signal-intensity marrow replacement of >2mm width, 

along the lateral aspect of the femoral bone prosthesis interface. 

 

 
Fig. 6: Abductor tear: Tear of the tendinous insertion of the right gluteus medius. 
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edema, defined as the presence of high signal 

intensity on inversion recovery images.  

 

The presence or absence of a tear was graded 

as follows: 1, no tear; 2, partial-thickness 

tear; or 3, full-thickness tear (Fig. 6).  

 

Pelvic region was assessed for enlarged 

lymph nodes with enlargement being defined 

as > 1cm in short axis diameter. 

 

Results 

 

Diagnostic images were obtained in all 

patients. Of the 52 hips, 32 had total hip 

replacement (THR) and 20 had resurfacing. 

The following abnormalities were found. 

 

Periprosthetic soft tissue mass (24), 

Periprosthetic osteolysis (5), Gluteal muscle 

atrophy – moderate to severe (15), Iliopsoas 

atrophy (15), Muscle edema (0), Muscle / 

tendon tear (1), Lymphadenopathy (5). The 

most commonly found abnormality was 

periprosthetic soft tissue in 24 hips. These 

are metal-induced reactive masses and are 

proposed to be a result of 

delayedhypersensitivity to the metal 

particles
18

 & have been labeled histologically 

―asepticlymphocyte- dominated vascular-

associated lesions‖ (ALVAL lesions).
17 

 

Female sex, small prosthetic cup size and 

poor positioning of the components are 

factors that possibly increase the risk of 

developing these reactive masses.
 19,20,21 

 

These periprosthetic masses have been 

recognized as a major cause of revision 

which is required especially in patients with 

troublesome symptoms orlarger lesions. 

Correct managementof patients with smaller 

lesions and minorsymptoms is still uncertain 

because it is not known whether these lesions 

are likely to progress.
17 

 

Gluteal muscle atrophy – moderate to severe 

was appreciated in 15 hips. 15 of 52 hips had 

iliopsoas atrophy. 5 showed periprosthetic 

osteolysis of which one had features 

suggestive of loosening the femoral 

prosthesis. Lymphadenopathy was reported 

in 5 patients. None of the patients studied 

showed evidence of muscle edema. 

 

Discussion 

 

With the ever increasing number of MOM 

hip replacements world wide, the demand for 

prompt and early diagnosis of post 

arthroplasty complications has increased as 

well. 

 

Radiographs and nuclear imaging, earlier the 

mainstays for evaluation of post arthroplasty 

hips, had vast limitations especially with 

respect to evaluation of soft tissue details 

which account for the symptoms in a 

significant number of patients. MR with its 

specialised metal artefact reduction 

sequences (MARS) is proving to be of 

immense help in detailed evaluation of these 

soft tissue complications.  

 

Periprosthetic reactive soft tissues, the most 

common cause of revision is usually not 

detected on radiographs and picked up with 

relatively high sensitivity on the MR even in 

early stages. 

 

MR allows early diagnosis of infection way 

before changes were evident on radiographs 

and thus allows prompt and early 

treatment.MRI also is more sensitive in 

diagnosing stress fractures. Periprosthetic 

osteolysis is also detected with higher 
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sensitivity and specificity on MR. 

Differentiating between periprosthetic 

osteolysis and osteopenia that 

occurs in areas of decreased stress ("stress 

shielding"), is also quite straightforward with 

MR.  

 

Conclusion  

 

This study thus underlines the fact that MR 

on a 1.5T scanner with its specialised metal 

artefact reduction sequences (MARS) is a 

viable technique to image the MoM hip and 

has vast potential in prompt and early 

diagnosis of complications in these patients.  
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