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Objectives: To validate reliability of slice-encoding for
metal artefact correction (SEMAC)-MRI findings in pros-
thesis loosening detection by comparing them to surgical
outcomes (gold standard) in symptomatic patients
following hip arthroplasties. To evaluate periprosthetic
anatomical structures in symptomatic patients to iden-
tify an alternative cause of hip symptoms.

Methods: We prospectively followed 47 symptomatic
patients (55 hips, 39 painful hips - group P and 16 control
hips - group C) at our institution from 2011 to 2016. We
acquired 1.5T MRI conventional and SEMAC-MRI images
for all patients. Two consultants scored MRI for osteol-
ysis and marrow oedema zone-wise using predefined
signal characteristics and settled scoring variations by
consensus. We used Spearman Rank-Order Correlation
for correlation analysis and used OMERACT (Outcome
Measures in Rheumatology) filter pillars to validate
SEMAC-MRI findings.

INTRODUCTION

According to the 17th Annual report of National Joint
Registry, UK, a total of 1,191, 253 total hip arthroplasty
(THA) procedures have been carried out in the last 16 years
(2003-2019).! THA is a well -established surgical proce-
dure for alleviating pain and increasing mobility in patients

Results: Eleven patients needed revision surgery, all
from group P. None from group C required revision
surgery. Remaining 28 hips in the group P were managed
conservatively pain completely resolved in 21 hips, eight
hips had trochanteric bursitis, eight had extraarticular
cause and the remaining five hips had spontaneous
pain resolution. We found moderate-to-weak correlation
between SEMAC-MRI findings for prosthesis loosening
and revision surgery outcomes. Sensitivity, Specificity,
PPV and NPV in Group P were (72.7, 64.3, 44.4, 85.7%)
in TIW-SEMAC, (90.9, 46.4, 40.0, 92.9%) in STIR-SEMAC
and (36.3, 78.5, 40.0, 75.8%) in PDW-SEMAC.
Conclusion: Negative SEMAC-MRI results can effectively
exclude prosthesis loosening confirmed on revision
surgery and SEMAC-MRI can detect alternative cause of
hip pain accurately.

Advances in knowledge: Negative SEMAC-MRI in
painful THA patients can effectively exclude prosthesis
loosening as a cause.

with symptomatic end-stage hip arthritis.? Its longevity is
well documented, and studies have described 10-year and
25-year survival rates following THA to be 95 and 80%,
respectively.>* The risk of requiring revision is significantly
higher in young patients who are being increasingly offered
THA.? This is in part due to the increased life expectancy
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and in part due to higher activity levels and type of activity young
patients undertake. Aseptic loosening was the most common
indication for revision surgery." Its timely diagnosis is necessary
to reduce further osteolysis making revision technically more
challenging. At times, radiographs and blood tests can be normal
in aseptic loosening.

Use of magnetic resonance imaging (MRI) following THA has
remarkably increased for implant imaging in recent years.” MRI
can diagnose changes associated with failure of prosthesis fixa-
tion, such as synovitis, periprosthetic osteolysis, fractures and
muscle injuries, and can contribute in diagnosis of infection
suspected clinically.*? Its diagnostic capability, unfortunately, is
hampered by implant-related artefacts produced from magnetic
field inhomogeneities more pronounced at higher magnetic field
strength'®!! from magnetic susceptibility differences between
the metal implant and the surrounding tissue'? reducing its diag-
nostic yield.

In recent times, sophisticated MRI acquisition techniques have
made artefact reduction possible improving periprosthetic tissues
assessment..'? Several studies have documented metal artefact
reduction sequence (MARS) effectiveness following THA,"*!8
which generates a combined image using various acquisition
parameters, reducing implant-related artefacts. Slice encoding
for metal artefact correction (SEMAC), similar to MARS, is a
novel technique which uses two-dimensional slice selective exci-
tations but then phase-encodes each slice in the through-plane
dimension and combines them to form a composite image.'*°

Although there are many reports about the efficacy of
SEMAC-MRL"?! after extensive literature search, we found
no study clarifying the relationship between SEMAC-MRI find-
ings and clinical outcomes; namely, THA prosthesis loosening
requiring revision surgery. Hence, our prime objective was to
assess the diagnostic performance of SEMAC-MRI in diagnosing
prosthesis loosening by validating imaging findings intraopera-
tively using OMERACT criteria to check criterion and construct
validity. Additional objectives were to highlight the key MRI
characteristics aiding detection of implant loosening and eval-
uate attributable soft tissue pathologies in symptomatic patients.

METHODS

Patient selection

Following regional health research authority and institutional
review board approval, we invited patients without and with pain
following THA to participate in the study from our arthroplasty
follow-up clinics. We selected patients with Marathon acetab-
ular cup and Corail cementless stem (Depuy Synthes, Warsaw,
IN, metal on polyethylene articulation) implanted during THA
between January 2011 and October 2016 via a posterior approach.
We termed those without pain a control group (Group C) and
those with painful THA in group P. All patients received a thor-
ough clinical assessment including detailed history taking, clin-
ical examination of the affected and the contralateral hip as well
as both knees and spine to rule out any obvious cause. Addition-
ally, all patients had had a standardised hematological workup
including inflammatory markers, such as white cell counts, ESR
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and C-reactive proteins. Prior to the study cohort formation, we
excluded individuals with painful THA following trauma and the
patients in whom infection was suspected clinically making our
study population design selective for patients with possible peri-
prosthetic osteolysis and aseptic loosening. The following addi-
tional exclusion criteria were used: pregnancy, contraindication
to MRI and unwilling to participate further in the study.

Image acquisition

We acquired various conventional and SEMAC MRI sequences
using 1.5 Tesla MRI scanner (MAGNETOM" Avanto, Siemens,
Erlangen, Germany) in all patients. The obtained MRI sequences
included conventional TIW and T2W axial, T2W sagittal, and
T1W, PD and STIR coronal sequences followed by TIW, PD and
STIR coronal sequences using SEMAC parameters, which are
mentioned in the Table 1.

Image interpretation

Two consultants (25 and 15 years of professional experience)
reviewed both conventional and SEMAC MRIs in all patients
for periprosthetic signal changes (Figure 1) in form of high STIR
signal, low signal on T1 and iso to high signal on PD-weighted
images characterising osteolysis, fluid infiltration and bone
marrow oedema (BME) in ‘Gruen Zones around the femoral
component and ‘Delee and Charnley Zones’ around acetabular
components (Figure 2).>*> An area of focal low intensity in
T1W and/or high intensity on PDW that displayed an absence
of cancellous markings is termed as osteolysis, a focal area of iso-
intensity in PDW images just beneath the prosthesis is consid-
ered as peri-prosthetic fluid infiltration and diffuse high intensity
on STIR around the prosthesis with preserved cancellous bony
trabeculae is defined as BME. We have further assessed anatomic
structures around the hip prosthesis such as psoas tendon inser-
tion and muscle/tendon of gluteus medius, gluteus minimus,
obturator internus and obturator externus to identify alternative
causes of symptomatic implanted hips such as fluid collection in
the soft tissues, trochanteric bursitis, joint effusion and synovitis.

Quantitative analysis

The components were consensus scored for diagnostic quality on
five-point scale: (0) definitely non-diagnostic; (1) probably non-
diagnostic; (2) possibly diagnostic; (3) probably diagnostic; (4)
definitely diagnostic. Abnormalities were assessed on MRI using
a four-point scale: (0) none; (1) mild; (2) moderate; (3) severe.

The findings were recorded and scored, zone-wise in a stan-
dardised manner by experienced consultants who were blinded
to conventional and SEMAC-MRI sequences (Figure 3) and
to clinical findings and radiographs whilst evaluating the MR
images. We adjudicated interobserver variations by consensus to
rectify observer bias.

Reference standard

Prosthesis loosening or revision surgery due to loosening during
the follow-up periods acted as a primary endpoint. A stan-
dardised proforma was used by surgeons to record the surgical
findings including following questions - whether implant
was loose or not?, If loose, which anatomical area — femur or
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Table 1. MRI parameters

T1W- PDW- STIR-

TIW T2W W TIW PDW STIR SEMAC | SEMAC | SEMAC
Sequence axial axial sagittal | coronal | coronal | coronal | coronal | coronal | coronal
TR (ms) 684 3000 3000 833 3500 3000 833 3500 3000
TE (ms) 9.1 68 78 8.8 30 47 8.8 32 47
TI (ms) - - - - - 160 - - 160
ETL 39 29 34 35 13 12 35 21 12
FOV (mm) 360 360 360 420 400 400 420 400 400
Slice thickness 5 5 5 5 4 5 5 4 5
(mm)
Slices 21 21 22 24 25 26 24 25 26
Base resolution 448 448 448 384 333 384 384 333 384
NSA 3 2 2 2 2 2 2 1 1
Bandwidth (Hz/ 620 744 620 723 610 651 723 543 651
Px)
Acquisition time 4:04 2:59 3:29 3:58 3:48 4:17 3:58 7:26 4:17
(minutes)

(TR - Repetition time; TE - Echo time; Tl - Time to invert; ETL - echo train length; FOV - field of view; NSA - Number of signal average; ms -
miliseconds; mm - milimeters; and Hz/Px - Hertz/Pixel).

acetabulum - were involved?, was there any associated osteolysis
or not?, if present, which part of the implant was affected by the
osteolysis? And was it correlating with the MRI findings or not?

Statistical analysis
We used statistical software (SPSS for windows, v.21, Chicago,

Figure 1. 68-year-old male with left hip pain following THA. (a). T1 SEMAC sequence - absent cancellous markings in Gruen zone 1
and 2 suggesting osteolysis (yellow arrows), (b). STIR-SEMAC sequence - Gruen zone 1and 2 indicates the fluid infiltration around
the femoral component (yellow arrows) and increased signal at zone four around the femoral stem tip not following fluid signal
is consistent with the BME (curved amber arrows), (c). PDW-SEMAC sequence. Fluid signal corresponding to area of osteolysis
(yellow arrows) - please note the sensitivity of STIR-SEMAC as compared to PDW-SEMAC.
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Figure 2. 76-year-old female with right hip pain following
THA. TIW-SEMAC image demonstrating ‘Delee and Charnley
zones’ for acetabular component and Gruen’s zone for femo-
ral components.

IL) for statistical analysis. We employed Spearman Rank-Order
Correlation to ascertain the correlation between SEMAC-MRI
findings of prosthesis loosening and primary endpoint - pros-
thesis loosening on revision surgery. We also analysed factors that
may predict the revision surgery and significance of abnormal
findings on SEMAC-MRI between revised and non-revised cases
using logistic regression analysis. p value < 0.05 was considered
significant. Additionally, we calculated sensitivity, specificity,
positive predictive value (PPV) and negative predictive value
(NPV) of various SEMAC-MRI sequences to predict prosthesis
loosening or revision surgery.

RESULTS

We included a total of 47 patients (24 males, 23 females) in our
study and investigated 55 hips (39 unilateral, eight bilateral) in
the study population. The mean patient age at the time of MRI
was 65.0 (SD: 12.1, range: 37-82) years, average time between
index procedure - THA and MRI was 4.9 (SD: 4.5, range: 1-15)
years and we have followed them up for 1.9 (SD: 1.1, range: 1-4)
years after MRI. There were 16 hips in Group C and 39 hips in
Group P. Out of the cohort of 39 hips in Group P, 11 hips required
revision surgery and aseptic implant loosening was confirmed in
all the cases at the time of surgery.

Takahashi et a/

Figure 3. 80-year-old male with right hip pain following THA.
(a). Ty-weighted image with SEMAC and (b). TIW without
SEMAC acquisition parameters demonstrating effective metal
artefact suppression on 77w sequences.

Visualisation of bone-cement/bone-prosthesis
interface with and without SEMAC

Visualisation for bone-cement or bone-prosthesis junctions
were significantly better in STIR-SEMAC than conventional
STIR suggesting diagnostic superiority. Similarly, the diagnostic
quality of TIW-SEMAC for acetabular component and STIR-
SEMAC for femoral components was statistically higher, whereas
that of TIW-SEMAC for femurs and PDW-SEMAC for acetab-
ulum and femur and conventional MRIs has shown no statistical
difference. Diagnostic quality scores on TIW and PDW images
were statistically adequate for femurs on both conventional and
SEMAC MRIs (Table 2).

Abnormal findings in cases with and without
prosthesis loosening

There was a moderate statistical correlation between osteol-
ysis on MRI and surgical validation of prosthesis loosening in
both acetabular (correlation coefficient, » = 0.655) and femoral
(correlation coeflicient, r = 0.667) components and we could
not establish strong association between MRI appearances and
surgical outcomes (Table 3).

Visualisation of surrounding anatomic structures
We found that gluteus medius, gluteus minimus, obturator
intenus and obturator externus were significantly better visual-
ised on STIR-SEMAC than conventional STIR, and there was no
statistical difference in the diagnostic yield of TIW and PDW
images in both acquisition techniques. All sequences on both
conventional and SEMAC have shown similar diagnostic perfor-
mance visualising psoas tendon insertion (Table 4).
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CONV, conventional; NS, not significant.

Paired T test was used, and data are expressed as mean (standard deviation).
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All 11 hips requiring revision surgery belonged to group P,
whereas no hip in Group C has undergone revision surgery.
Remaining 28 hips in the group P were managed conservatively
among which pain had recovered in 21 hips on follow-up - eight
hips had trochanteric bursitis treated with steroid injections,
eight had extraarticular cause for hip pain consisting of 5 with
degenerative lumbar disease and three with either knee or ankle
OA - confirmed on further imaging and the remaining five hips
had spontaneous pain resolution. Among hips having persistent
symptoms on follow-up, one had trochanteric bursitis, and
three had degenerative lumbar disease contributing to referred
hip pain (Figure 4). It was clear that there was no radiological
evidence of prosthesis loosening or subsidence in cases showing
pain resolution on follow-up.

Logistic regression analysis showed that significant differences
between hips with and without revision surgery in Group P were
a positive finding of TIW-SEMAC in stem zone one and a posi-
tive finding of PDW-SEMAC in stem zone seven corresponding
to a positive finding of STIR-SEMAC in stem zone 1 (Odds ratio;
8.00; 95% confidence interval 1.65-38.8, p = 0.0098) and a posi-
tive finding of STIR-SEMAC in stem zone 7 (Odds ratio; 10.0;
95% confidence interval 1.85-54.0, p = 0.0074).

Using Spearman Rank-Order Correlation, we found that the
statistical correlation was moderate (r = 0.415) on TIW-SEMAC
and weak (r = 0.35) on STIR-SEMAC between the SEMAC-MRI
findings and the primary endpoint - revision surgery.

Furthermore, we have provided sensitivity, specificity, PPV and
NPV of all three SEMAC-MRI sequences in identification of
aseptic loosening in group P (Table 5).

DISCUSSION

Our study demonstrated that following THA, (1) STIR-SEMAC
achieved the best metallic artefact reduction making it the most
sensitive sequence to identify implant loosening if present which
can be validated on revision surgery, (2) presence of positive
MRI findings in the zone one on TIW-SEMAC and in the zone
seven on PDW-SEMAC could predict implant loosening and
(3) SEMAC-MRI have also found causes contributing to patient
symptoms in group P who did not require revision surgery on
follow-up such as trochanteric bursitis and degenerative spine
disease which were managed conservatively.

Sutter et al concluded that STIR and T1W sequences were
significantly better for both qualitative and quantitative imaging.
Albeit clinically relevant artefact reduction was achieved only on
STIR images, almost half of the abnormal imaging findings were
missed due to increased noise on conventional STIR compared
to STIR-SEMAC. Our study echoes these findings..*!

We concluded that better metallic artefact suppression can be
achieved by SEMAC-MRI which can be multifactorial** and
our study provides similar results to those of Tartaglino and
colleagues in postoperative spine imaging” and Olsen et al, in
periprosthetic soft tissues assessment following hip replace-
ment."” SEMAC-MRI can significantly improve periprosthetic
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Figure 4. Patient flow during the study

| Asymptomatic hips (Group C;n=18)  [——

| 55 hips (47 patients) |

Mo rewision hips

Painful kips (Group P, n=39)

| Revision hips in=11) |

Hips treated conservatively (n=28)

Fam mecovered (m=21)

|| Pamn non-recovered (n=7} |

soft tissue evaluation by reducing metallic artefacts in turn
improving prosthesis-related complications including infections,
fractures and tendinopathies in painful hips as described by
Agten et al'* and detecting periprosthetic fluid collections and
masses as per Hart et al.®

SEMAC-MRI can also detect adverse reaction to metal debris
including pseudotumours and muscle atrophy, monitor at-risk
hips and exclude prosthesis loosening in painful hips following
MOM-THA.'®172627 Eurthermore, MRI can be less sensitive
than CT in detecting periprosthetic osteolysis in MOM-THA
and may demonstrate abnormalities in asymptomatic patients
regardless of bearing type?® " and one should not revise MOM-
THA based on MRI abnormalities alone. However, these find-
ings are less relevant to our study given differential prosthesis
selection.

Fehring et al’® stated that MRI abnormalities are commonly
seen regardless of bearing type, can be nonspecific and should
not be used for decision making and in partial disagreement

Hip with Hip with Crstealysis in Crsteglysis 10
roclanteric rochanternie acctabulumin=17 Ferrmer (i—110)
bursitis treated bursitis treated
using steroid using steroid
injection (n=g8} mjection (n=1})
Eixtra arficular EButra arhcular
cause of he hip cause of the
pain (=8} hip pain {n=3)
Pain resalved Pain persisted
apontaneoualy (n=3] (n=3])

to these findings, we concluded that abnormal TIW or PDW
SEMAC-MRI findings of the proximal femur in painful hip
patients could predict implant loosening. Additionally, due
to its high sensitivity, NPV and moderate correlation between
positive MRI findings and implant loosening, STIR-SEMAC can
help diagnose periprosthetic osteolysis, or BME once-reliable fat
saturation achieved.” In other words, when there are no findings
in STIR-SEMAC, the risk for revision due to prosthesis loos-
ening is supposed to be low and other causes for pain should be
investigated.

There are certain limitations to our study. We have only evalu-
ated the osteolysis or fluid infiltration around the prosthesis as
joint effusion following ceramic-on-polyethylene (COP) THA
are common in asymptomatic patients.*! Furthermore, we have
not customised SEMAC-MRI for each patient and implant mate-
rial but such SEMAC optimisation increases diagnostic quality
according to Deligianni and colleagues.’* Hence, we might have
achieved different results, had we used tailored SEMAC. As we
have evaluated patients with MOP-THA only, our results should

Table 5. Sensitivity, Specificity, PPV and NPV of SEMAC-MRI to detect loosening of the prosthesis

Sensitivity Specificity PPV NPV
T1-SEMAC 72.7 64.3 44.4 85.7
STIR-SEMAC 90.9 46.4 40.0 92.9
PD-SEMAC 36.3 78.5 40.0 75.8

NPV: Negative predictive value;PPV: Positive predictive value.
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not be compared to those following MOM-THA directly. Having
described that COP and MOM-THA have a similar incidence of
periprosthetic fluid collections on MRI*® whereas asymptomatic
patients with MOM-THA have shown more MRI abnormalities
than those with MOP-THA.'® We have not evaluated the efficacy
of SEMAC-MRI combined with ultrasound where the latter can
detect local tissue reaction in asymptomatic functioning pros-
theses earlier.>*> From a technical aspect, we have not evaluated
off-resonance suppression for SEMAC-MRI which may further
reduce artefacts.” All of these can act as points of interest for
future studies.

Beyond above-mentioned limitations, this was the first study to
clarify the relationship between SEMAC-MRI findings and pros-
thesis loosening validated on revision surgery. STIR-SEMAC
sequence was proven exceptionally useful for implant loosening
exclusion given its high negative predictive value.

CONCLUSION

In painful hips following THA, SEMAC-MRI is a useful tool in
differentiating aseptic implant loosening from other soft tissue
and extraarticular causes. It will help the surgeons counsel the
patients and treat their symptoms appropriately. STIR-SEMAC

Takahashi et a/

demonstrates high sensitivity and negative predictive value in
detecting periprosthetic fluid and marrow oedema, surrogate
markers for prosthesis loosening and can help excluding pros-
thesis loosening with high certainty.
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