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Abstract Objectives To validate reliability of slice-encoding for metal artifact correction
(SEMAC) sequences in identifying prosthesis loosening in patients with painful knee
arthroplasties (KAs) by comparing SEMAC-magnetic resonance imaging (MRI) findings
to surgical outcomes—the gold standard.
Materials and Methods We prospectively followed 44 painful KA patients with
possible aseptic prosthesis loosening at our tertiary care institution from 2011 to
2017. Potential cases of infective loosening were excluded making ours a selective
study population. We acquired conventional and SEMAC-MRI images for all patients on
1.5-T MRI scanner. Two consultants scored MRI findings for complications such as
osteolysis and bone marrow edema systematically. Scoring variations were settled by
consensus. We used the Mann–Whitney U test and Wilcoxon signed-rank test for
quantitative analysis and Spearman’s rank-order correlation for correlation analysis of
SEMAC findings and surgical outcomes, and followed the Outcome Measurements in
Rheumatology filter methodology to assess the ability of SEMAC-MRI to detect
prosthetic loosening.
Results Eleven patients needed revision surgery—seven had prosthesis loosening and
four had retained native compartment osteoarthritis. Thirty-three were treated
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Introduction

Around 100,000 knee arthroplasties (KAs) are performed in
the United Kingdom annually with objectives of adequate
pain control and improved joint function. Unfortunately, up
to 20% of KA patients have suboptimal outcome.1 Aseptic
prosthesis loosening, a frequent cause of painful KA, may
show normal radiographs and blood tests2,3 making its
diagnosis challenging. Its diagnosis is vital to guide appro-
priatemanagement in symptomatic patients andmonitoring
at-risk patients.4

Magnetic resonance imaging (MRI) is an established
imaging technique for postoperative knee evaluation.5,6

It can readily identify causative factors of prosthesis
failure such as synovitis, infections, periprosthetic osteol-
ysis, periprosthetic fractures, arthrofibrosis, and extensor
mechanism injury.7,8 Its utility is limited by magnetic
susceptibility artifacts. They include implant-related mag-
netic field inhomogeneities producing geometric distortion,
signal voids, and signal “pileup” artifacts9–11 and inhomog-
enous spectral fat suppression due to failure of maintaining
homogenous field strength.4 Short tau inversion recovery
(STIR) sequence, although affected by artifacts,5 could still
diagnose periarticular fluid collections or periprosthetic
osteolysis.

Researchers have tested various MR parameter adjust-
ments to image prostheses, which include fast spin echo,
higher bandwidth, intermediate echo time, larger matrix,
higher excitations, and thinner slices. Higher bandwidth was
found to be the most effective parameter.12

New acquisition protocols have been developed to further
rectify prosthesis-related in-plane and through-plane arti-
facts. For instance, view angle tilting (VAT) or metal artifact
reduction sequence reduces only in-plane distortions,13,14

whereas multiacquisition variable resonance image combi-
nation (MAVRIC) and slice-encoding for metal artifact cor-
rection (SEMAC) sequences rectify both.

MAVRIC uses several fast spin echo images at different off-
resonance frequencies generating a combined image.15–17

SEMAC uses two-dimensional slice selective excitations fol-
lowed by phase-encoding each slice in additional Z-axis
forming a composite image18,19 providing better contrast

resolution.20 Conventional STIR can detect only 50% of the
abnormal findings compared with STIR-SEMAC21 making
SEMAC superior to detect complications.22

After searching multiple scientific databases including
PubMed, Embase, and Medline, we concluded that there are
numerousstudies that confirmsuperiorityof SEMAC-MRI over
conventional sequences but no studies have yet validated
preoperative SEMAC-MRI findings intraoperatively during
the revision surgery. Our prime objective was to assess the
ability of SEMAC-MRI to detect prosthesis loosening using
surgical findings and outcomes as our gold standard. We
have used the Outcome Measurements in Rheumatology
(OMERACT filter) methodology for validating our SEMAC-
MRI findings.

Materials and Methods

Patient Selection
After receiving the regional health research authority per-
mission for the study, we obtained an institutional ethics
committee approval. All patients provided written consent
prior to their participation in the study. From orthopaedic
follow-up clinic, we prospectively recruited 44 patients
with knee pain following various KA performed at our
tertiary care institution between January 2011 and Octo-
ber 2017. Among them, 30 had total KA (TKA), 11 had
unicompartmental KA, and 3 had patellofemoral joint
arthroplasty. Each of 44 patients received a thorough or-
thopaedic assessment to diagnose the cause of painful KA.
Clinical assessment included detailed history, clinical ex-
amination of the affected and the contralateral knee, as well
as both hips and spine. Additionally, all patients had had a
standardized hematological workup including inflammato-
ry markers, including white cell count, erythrocyte sedi-
mentation rate, and C-reactive protein. Prior to the study
cohort formation, we excluded individuals with painful KA
following trauma and the patients in whom infection was
suspected clinically. Hence, our study population was by
design selective for patients with possible periprosthetic
osteolysis and aseptic loosening. The following additional
exclusion criteria were used: pregnancy, contraindication to
MRI, and inability to use dedicated knee coil (SEMAC

conservatively, of which 17 had spontaneous pain resolution and 8 had extra-articular
causes—referred pain from hip (1 patient) and lumbar (7 patients) degeneration. Eight
patients had adequate pain control without prosthesis loosening on follow-up. T1W-
SEMAC identified surgically proven prosthesis loosening in all cases and short tau
inversion recovery (STIR)-SEMAC diagnosed bone marrow edema (BME) in all our true
positive cases. Sensitivity, specificity, positive predictive value, and negative predictive
value of SEMAC-MRI for component loosening compared with gold standard were 100,
97.0, 88.9, and 100% in T1W-SEMAC, 75.0, 45.5, 25.0, and 88.2% in STIR-SEMAC, and
75.0, 93.9, 75.0, and 93.9% in proton density-weighted-SEMAC.
Conclusion SEMAC-MRI can accurately detect surgically verifiable prosthesis loosen-
ing and differentiate nonspecific BME from prosthesis loosening.
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sequences acquisition in a flex-coil is significantly different
than that in a dedicated knee coil).

The mean clinical presentation time from the initial
arthroplasty was 5.2 years with a range of 1 to 14 years.
The mean age of patients at MRI was 67.5 years (standard
deviation 9.0, range 49–88 years) (►Table 1). We performed
radiographs for symptomatic knees prior to MRI in all
patients. No patient was lost to follow-up. The revision
surgery was performedwithin an average of 18months after
the MRI (range 0.5–53 months) and was used as the gold
standard against which SEMAC-MRI findings were assessed.

Image Acquisition
We imaged all patients with 1.5T MRI scanner (MAGNETOM
Avanto, Siemens Healthcare, Erlangen, Germany). All
patients were scanned in supine position. Using dedicated
eight receiver channels knee coil, we acquired high band-
width conventional proton density-weighted (PDW) axial,
T1W coronal, STIR sagittal, PDW sagittal, and PDW coronal
sequences. SEMAC-MRI sequences included T1 coronal, PD,
and STIR sagittal, parameters of which can be found
in ►Table 1.

Image Interpretation
Two consultants (25 and 15 years of professional experience)
assessed optimized conventional and SEMAC-MRI images for
periprosthetic signal changes (►Fig. 1) including high signal
on STIR images, low signal on T1, and iso- to high signal on
PDW images in periprosthetic areas, fluid collection in soft
tissue, joint effusion, and synovitis.

Quantitative Analysis
The components were consensus-scored for diagnostic qual-
ity on a five-point scale: (0) definitely nondiagnostic, (1)
probably nondiagnostic, (2) possibly diagnostic, (3) probably
diagnostic, and (4) definitely diagnostic. Abnormalities were

assessed on MRI using a four-point scale: (0) none, (1) mild,
(2) moderate, and (3) severe.

WecategorizedperiprostheticMRsignal abnormalities into
periprosthetic osteolysiswith or without fluid infiltration and
periprostheticbonemarrowedema (BME).Anareaof focal low
intensity inT1Wand/or isointensity on PDW that displayed an
absence of T1W fatty marrow signal was termed osteolysis,
and associated STIR high signal in the area of T1W low signal
intensity was termed periprosthetic fluid infiltration. Diffuse
high intensityonSTIRaround theprosthesiswithpreservedT1
fatty marrow signal was defined as BME (►Fig. 2). Osteolysis
and/or abnormal intensity area around the prosthesis/bone
interface ineach sequencewere recordedbyprosthesis zone in
a standardized fashion by an experienced musculoskeletal
radiologist. The morphology of periprosthetic zones varies

Table 1 MRI parameters

Sequence T1W-SEMAC coronal STIR-SEMAC sagittal PDW-SEMAC sagittal

TR (ms) 512 3340 3000

TE (ms) 8.3 62 8.9

TI (ms) � 160 �
Slice thickness (mm) 3.5 3.5 3.5

Voxel size 0.6 0.4 3.5mm 0.9 0.5 2009;3.5mm 0.6 0.4 3.5

Slices 25 26 26

ETL � 49 50

FOV (mm) 200 200 200

Base resolution 448 384 448

NSA 1 2 1

Bandwidth (Hz/Px) 507 592 507

Acquisition time (min) 4:53 5:32 2:35

Abbreviations: ETL, echo train length; FOV, field of view; Hz/Px, hertz/pixel; MRI, magnetic resonance imaging; NSA, number of signal average; PDW,
proton density-weighted; SEMAC, slice-encoding for metal artifact correction; STIR, short tau inversion recovery; TE, echo time; TI, time to invert; TR,
repetition time.

Fig. 1 An 88-year-old man with total knee arthroplasty of the left
knee. (A) Magnetic resonance imaging (MRI) artifacts induced by the
prosthesis on high bandwidth sagittal proton density-weighted
(PDW) images completely hampering visualization of periprosthetic
areas and (B) PDW images using slice-encoding for metal artifact
correction (PDW-SEMAC) acquisition demonstrating remarkable re-
duction in metallic artifacts making evaluation of periprosthetic bone
easier.
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considerably in different arthroplasties—TKA, unicompart-
mental KA, andpatellofemoral joint arthroplasty (►Figs. 3–5).

Reference Standard
Prosthesis loosening or revision surgery due to loosening
during the follow-up periods was considered as a primary
endpoint. Operating surgeons used a standardized pro forma
to record surgical findings. The pro forma included the

following questions: whether the implant was loose or
not? If loose, which anatomical area—femur, tibia, or patel-
la—were involved? Was there any associated osteolysis or
not? If present, which part of the implant was affected by the
osteolysis? And did the surgical findings correlate with the
MRI findings or not?

We used the statistical methods as described below to
determine the relationship between the primary endpoint

Fig. 2 (A) A 71-year-old man with bicompartmental total knee arthroplasty with patellar preservation of the right knee. T1-weighted coronal
image using slice-encoding for metal artifact correction (T1W-SEMAC) acquisition showing irregular hypointense signal at the bone–prosthesis
junction underneath the tibial plate (yellow arrowhead) and adjacent to the tibial keel (yellow curved arrows) with absence of cortical
trabeculations consistent with substantial periprosthetic osteolysis and proton density-weighted sagittal image acquired using slice-encoding
for metal artifact correction (PDW-SEMAC) protocol showing hyperintense signal underneath the tibial plate (yellow arrow) at the bone–
prosthesis junction with absent trabeculae suggestive of periprosthetic osteolysis. (B) A 64-year-old woman with bicompartmental total knee
arthroplasty of the right knee. T1-weighted coronal image using slice-encoding for metal artifact correction (T1W-SEMAC) acquisition showing
irregular hypointense signal at the bone–prosthesis junction underneath the tibial plate and adjacent to the tibial peg (yellow arrowheads) with
absence of cortical trabeculations consistent with substantial periprosthetic osteolysis and proton density-weighted sagittal image acquired
using slice-encoding for metal artifact correction (PDW-SEMAC) protocol showing hyperintense signal underneath the tibial plate (yellow
arrowheads) at the bone–prosthesis junction with absent trabeculae suggestive of periprosthetic osteolysis. (C) A 71-year-old man with total
knee arthroplasty with patellar preservation of the right knee. Short tau inversion recovery (STIR) sagittal image using slice-encoding for metal
artifact correction (STIR-SEMAC) protocol showing higher signal but not following fluid signal intensity just posterior to the tibial peg (zone 3,
yellow arrow) and a few bony trabeculae passing through increased signal suggesting bone marrow edema (BME) and further fluid signal at the
tip of the tibial peg with absent bony trabeculae through it (zone 2, yellow curved arrow) in keeping with periprosthetic osteolysis.

Fig. 3 (A) A 67-year-old man with total knee arthroplasty of the left knee. Proton density-weighted sagittal image with slice-encoding for
metal artifact correction (PDW-SEMAC) acquisition demonstrating predefined periprosthetic zones around the femoral component (A) and around
the tibial component (B). T1-weighted coronal image with slice-encoding for metal artifact correction (T1W-SEMAC) showing periprosthetic zones around
the femoral component (C) and the tibial component (D) readers used to score findings of osteolysis or bone marrow edema (BME).
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(prosthesis loosening on surgery) and prosthesis loosening
on SEMAC-MRI.

Statistical Analysis
We used statistical software package (SPSS for windows,
version 21, Chicago, Illinois, United States) for statistical
analysis. We employed the Mann–Whitney U test and Wil-
coxon signed-rank test for quantitative analysis using non-
parametric point scales and Spearman’s rank-order
correlation for correlation analysis. A p-value of<0.05 was
considered as significant. Additionally, we have calculated
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of all T1W, PDW, and STIR
SEMAC sequences to predict prosthesis loosening or the need
for revision surgery.

Results

Visualization of Bone–Cement/Bone–Prosthesis
Interface with and without SEMAC
Diagnostic quality between bone and cement/prosthesis is
evident by significantly higher visualization scores while
using SEMAC acquisition than conventional MRI for each
zone of femur and tibia. Conversely, therewere no significant
differences between SEMAC and conventional MRI in any
zone of patella (►Table 2).

Abnormal Findings in Cases without and with
Prosthesis Loosening
We observed significant statistical differences in abnormal
findings on SEMAC-MRI between cases with and without
prosthesis loosening, most readily seen in sagittal zone 1 and
coronal zone 1 to 7 in the tibia, as well as the femur and
patella on sagittal planes (►Table 3).

We have identified 11 patients who needed revision
surgery following painful KA. Among them, seven cases—
all of whom have had TKA—have prosthesis loosening on
MRI, confirmed during the revision surgery. Of remaining
four patients, three patients with patellofemoral joint
arthroplasty and one patient with unicompartmental KA
did not have loose prosthesis and have undergone revision to
the TKA for progressive arthritis in the retained native
compartments, that is, progressive lateral femorotibial and
patellofemoral compartment involvement.

Thirty-three caseswere treated conservatively. Seventeen
patients had recovered from pain on follow-up, whereas the
rest had experienced variable degrees of pain. Out of 17
patients who recovered from pain, 8 individuals had extra-
articular attributable causes such as hip osteoarthritis (OA)
(2 cases) and lumbar stenosis (6 cases). The remaining 16
patients continued experiencing pain on follow-up. Among

Fig. 4 (A) A 66-year-old man with unicompartmental knee arthroplasty of the left knee. Proton density-weighted sagittal image with
slice-encoding for metal artifact correction (PDW-SEMAC) acquisition demonstrating predefined periprosthetic zones around the femoral
component (A) and around the tibial component (B). T1-weighted coronal image with slice-encoding for metal artifact correction
(T1W-SEMAC) showing periprosthetic zones around the femoral and tibial component (C) readers used to score findings of osteolysis or bone
marrow edema (BME).

Fig. 5 (A) A 52-year-old woman with patellofemoral joint arthroplasty
of the right knee. Proton density-weighted sagittal image with
slice-encoding for metal artifact correction (PDW-SEMAC) acquisition
demonstrating predefined periprosthetic zones around the patella
(A) and around the femoral trochlea (B) readers used for scoring.
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them, 8 had extra-articular causes of knee pain such as hip
OA (1 case) and lumbar stenosis (7 cases). In the remaining 8
cases, the pain was adequately controlled with oral analge-
sics, and there was no radiological evidence of prosthesis
loosening or subsidence during the follow-up period. The
patients who continue to experience knee pain without
identifiable intra-, peri-, and extra-articular causes on imag-
ing were attributed to soft tissue causes such as muscle
imbalance and weakness. They were treated with physio-
therapyand oral analgesics.Wehave summarized the patient
flow in ►Fig. 6.

T1W-SEMAC sequence has reliably depicted osteolysis
and prosthesis loosening in all true positive cases (n¼7,
medial femoral condyle and medial tibial osteolysis 1 case,
medial tibial osteolysis 4 cases, and medial and lateral tibial

debonding 2 cases), which were confirmed intraoperatively.
There was a strong correlation between positive findings of
osteolysis and surgical findings of prosthesis loosening
(r¼0.882, p<0.001). STIR-SEMAC sequence diagnosed
BME when present (n¼21, around the femoral peg 4 cases,
beneath the femoral component 5 cases, keel of tibial com-
ponent 13 cases, and beneath the tibial component 7 cases).

There was also a strong correlation between the primary
endpoint and positive findings of osteolysis (r¼0.845,
p<0.001) in T1W- and/or PDW-SEMAC and fluid around
the prosthesis (r¼0.758, p<0.001) in PDW-SEMAC. On the
other hand, there was no significant correlation between
primary endpoint and positive findings of BME in STIR-
SEMAC (r¼0.234, p¼0.14) (►Table 4).

Sensitivity, specificity, PPV, and NPV were 100, 97.0, 88.9,
and 100% in T1 SEMAC, 75.0, 45.5, 25.0, and 88.2% in STIR-
SEMAC, and 75.0, 93.9, 75.0, and 93.9% in PD SEMAC,
respectively (►Table 5).

Table 3 Abnormal finding between cases with and without prosthesis loosening (on sagittal and coronal images)

Stable Loosening p-Value Stable Loosening p-Value

Femur Zone.1 0.19 (0.54) 0.43 (1.1) > 0.05 Femur Zone.1 0.09 (0.30) 0.50 (0.84) > 0.05

(sag) Zone.2 0.06 (0.25) 0.43 (1.1) > 0.05 (Cor) Zone.2 0.0 (0.0) 0.17 (0.41) > 0.05

Zone.3 0.06 (0.25) 0.43 (1.1) > 0.05 Zone.3 0.0 (0.0) 0.17 (0.41) > 0.05

Zone.4 0.0 (0.0) 0.0 (0.0) > 0.05 Zone.4 0.0 (0.0) 0.20 (0.45) > 0.05

Zone.5 0.0 (0.0) 0.29 (0.76) > 0.05 Zone.5 0.11 (0.33) 0.20 (0.45) > 0.05

Zone.6 0.27 (0.47) 0.50 (1.2) > 0.05 Tibia Zone.1 0.17 (0.39) 1.5 (0.55) < 0.001

Zone.7 0.27 (0.47) 0.50 (0.84) > 0.05 (Cor) Zone.2 0.0 (0.0) 1.5 (0.55) < 0.001

Tibia Zone.1 0.40 (0.50) 1.1 (0.89) 0.034 Zone.3 0.08 (0.29) 1.2 (1.2) 0.0056

(sag) Zone.2 0.43 (0.85) 1.0 (1.5) > 0.05 Zone.4 0.0 (0.0) 1.5 (1.3) 0.0043

Zone.3 0.53 (0.64) 1.0 (1.0) > 0.05 Zone.5 0.0 (0.0) 1.6 (1.1) 0.0021

Patella Zone.1 0.0 (0.0) 0.0 (0.0) > 0.05 Zone.6 0.0 (0.0) 1.4 (0.89) 0.0451

(sag) Zone.2 0.0 (0.0) 0.0 (0.0) > 0.05 Zone.7 0.11 (0.33) 1.0 (0.71) 0.0097

Zone.3 0.0 (0.0) 0.0 (0.0) > 0.05

Zone.4 0.0 (0.0) 0.0 (0.0) > 0.05

Zone.5 0.20 (0.44) 0.0 (0.0) > 0.05

Abbreviations: Cor, coronal; Sag, sagittal.
Note: Data are expressed as mean (standard deviation).

Fig. 6 Flowchart showing complete follow-up of study participants.
Surgical and conservative management of all patients and outcomes
on follow-up are described in detail in the article text.

Table 4 Correlationa between primary endpoint and positive
findings in SEMAC-MRI

r p-Value

Cyst formation (focal periprosthetic
abnormality)

0.845 < 0.001

Fluid collection (broad periprosthetic
abnormality)

0.758 < 0.001

Bone marrow edema (increase STIR
signal with preserved trabeculi)

0.234 0.14

Abbreviations: MRI, magnetic resonance imaging; SEMAC, slice-
encoding for metal artifact correction; STIR, short tau inversion
recovery.
aComparison by use of Spearman’s rank-order correlation.
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Discussion

To our knowledge, this was the first study validating SEMAC-
MRI appearances of prosthesis loosening on revision surgery
in patients with painful KA. The main findings of our study
are: (1) T1W-SEMAC sequence was the most reliable MRI
sequence to detect prosthesis loosening confirmed at the
time of revision surgery, (2) SEMAC-MRI was extremely
reliable in detecting tibial component loosening, and (3)
bone–cement/bone–prosthesis junctions and other soft tis-
sues around the knee following KA were significantly better
visualized using SEMAC-MRI.

MRI artifacts may be intrinsic (consequent to image
processing) or extrinsic (patient motion or metallic artifacts)
in nature.23 Tartaglino et al has first described metal artifact
reduction sequence in 199424 using fast spin echo with
shorter echo spacing for the postoperative spine. Similarly,
in 2000, Olsen et al has proven the efficacy of metal artifact
reduction sequence in patient with knee surgeries allowing
better visualization of periprosthetic bone and soft-tissue
structures even in patients following TKA.9

In 2009, Lu et al have described SEMAC-MRI for the first
time.18 SEMAC-MRI corrects metal artifacts via robust
encoding of each excited slice against metal-induced field
inhomogeneities. As discussed earlier, such encoding is
achieved by combining a VAT acquisition with additional z-
phase encoding, which resolves the distorted excitation
profiles causing through-plane distortions while VAT nulli-
fying in-plane inhomogeneities. SEMAC corrects through-
plane distortions by summing up the resolved spins in each
voxel and putting them to their actual spatial locations. It
does not require additional hardware, can easily be deployed
with the existing whole-body MRI systems, and provides
reliable images in feasible scan times, validated using phan-
tom and by in vivo spine and knee studies.

Multiple studies have established superiority of SEMAC-
MRI over higher bandwidth conventional MRI in knee imag-
ing following various types of arthroplasties.19,25,26 Sutter
et al have used computed tomography as a reference stan-
dard to detect periprosthetic osteolysis while proving sta-
tistically significant artifact reduction on SEMAC in patients
following TKA and have suggested a need for surgical corre-
lation for a more robust assessment of periprosthetic osteol-
ysis and prosthesis loosening. Our study has compared
SEMAC-MRI findings with surgical outcomes, establishing
its reliability in detecting periprosthetic osteolysis instead of
proving the superiority of SEMAC over conventional MRI.
Additionally, we found similar results to those of Agten

et al19 who had proven the utility of the T1W-SEMAC
sequence in identifying prosthesis loosening in all KA and
STIR-SEMAC for bone marrow edema in painful unicompart-
mental KA influencing orthopaedic surgeons’ decisions.
PDW-SEMAC suffers from blurring of images, has low diag-
nostic yield, and potentiallymasks relevantmeniscal lesions,
making it clinically irrelevant, as found in both studies.19Our
study contradicts these findings as about half of the cases
demonstrated BME on STIR-SEMAC; there was no significant
correlation between surgically confirmed loosening and
positive findings of BME in STIR-SEMAC (►Table 4). In other
words, although STIR-SEMAC detected more BME in painful
unicompartmental KA, it did not translate into an increase in
surgically confirmed prosthesis loosening.

Filli et al used a myriad of MAVRIC, VAT, or SEMAC
combinations to image prosthesis made of different metallic
materials.14,27 They compared the degree of artifact reduc-
tion in MRI achieved with SEMAC in combination with VAT
and MAVRIC for standard contrast weightings and different
metallic materials such as stainless steel, titanium, cobalt-
chromium-molybdenum, and oxidized zirconium. They con-
cluded that SEMAC-VAT may be preferred for titanium and
oxidized zirconium implants and medium or strong SEMAC-
VAT or MAVRIC modes are necessary for significant artifact
reduction for stainless steel and cobalt-chromium-molybde-
num implants.28

Our study has strengths and limitations.Wehave included
all patients who had SEMAC-MRI for assessing painful KA,
with none lost to follow-up. We have for the first time
correlated SEMAC-MRI findings with outcomes of revision
surgery. Surgery is currently the gold standard for prosthesis
loosening detection. All our surgeons followed a standard-
ized pro forma to record the pathologies and this was
correlated with the prerevision MRI findings. Furthermore,
we measured imaging and surgical outcomes using OMER-
ACT filters,29 justifying construct and criterion validity of a
health intervention (SEMAC-MRI) outcome against a gold
standard reference (revision surgery). In terms of limita-
tions, we have only included patients with nontraumatic,
noninfective painful knees following KA. Hence, the study
results cannot reflect utility of SEMAC-MRI in predicting pain
or symptoms for future or in detecting early loosening in
asymptomatic patients. In addition, musculoskeletal radiol-
ogists were not blinded to symptoms as only symptomatic
patients were imaged. To minimize observer bias, the radi-
ologists were blinded to plain radiographic findings. In
addition, although no change in symptoms or plain radio-
graphs have been identified, we cannot exclude subtle

Table 5 Sensitivity, specificity, PPV, and NPV of SEMAC-MRI compared with the gold standard to detect prosthesis loosening

Sensitivity Specificity PPV NPV

T1W-SEMAC 100 97.0 88.9 100

STIR-SEMAC 75.0 45.5 25.0 88.2

PDW-SEMAC 75.0 93.9 75.0 93.9

Abbreviations: MRI, magnetic resonance imaging; NPV, negative predictive value; PDW, proton density-weighted; PPV, positive predictive value;
SEMAC, slice-encoding for metal artifact correction; STIR, short tau inversion recovery.
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prosthesis loosening, if present, in patients who had no
revision surgery. We continued following up all patients
according to the local guidelines and none have to date
needed or been listed for revision surgery. The MRI sequen-
ces used are other limitations because only T1W coronal,
PDW sagittal, and STIR sagittal were included in SEMAC-MRI
sequences due to longer acquisition time compared with
conventional sequences. Recently described compressed
sensing-SEMAC can be acquired 55% faster than conventional
SEMAC and is feasible for 3-T MRI.30 Additionally, higher
bandwidth pulses used in turbo spin echo sequences com-
bined with SEMAC by local transmit coils substantially
reduces through-plane distortion artifacts at 3-T in KA.31

Hence, further experiments are needed to determine the use
of compressed sensing-SEMAC at 1.5T MRI to diagnose
prosthesis loosening following TKA.

In our study, eight patients with persistent painful KA
without overt prosthesis loosening on follow-up were felt
likely to have intra-articular cause of ongoing pain. We could
not identify any mechanical cause, such as aseptic loosening,
wear, infection, or instability, on clinical or radiological exami-
nations. It is well recognized in orthopaedics that up to 20% of
patients undergoing knee replacements have persistent pain
without obvious mechanical cause, and these patients, gener-
ally, do not undergo revision surgery. It is possible that these
patients had subtlemechanical issues in their knee prostheses
undetectable by clinical and imaging assessment.

Another potential limitation is the lackof quantification of
osteolysis by the operating surgeon during revision surgery.
Although we followed a standardized surgical pro forma that
was filled in by the operating surgeon, we did not ask the
surgeon to actually measure the osteolytic area. It is ex-
tremely challenging to measure osteolysis volumetrically
during revision surgery, and it did not form a part of our
study design.

Despite these limitations, ours was the first study to
clarify the relationship between SEMAC-MRI findings and
clinical outcomes such as prosthesis loosening in patients
with painful knee following KAvalidated by revision surgery.
T1W-SEMAC sequence identified prosthesis loosening in all
the cases. We inferred a strong correlation between the
primary endpoint and positive findings in T1W- and/or
PDW-SEMAC. We concluded that sensitivity, specificity,
PPV, and NPV were high in T1W-SEMAC, whereas specificity
and NPV were high in PDW-SEMAC.

Conclusion

SEMAC-MRI can reliably diagnose prosthesis loosening in
patients following KA, which can be verified on revision
surgery. Further study is needed to clarify whether SEMAC-
MRI can predict a temporal increase in pain and symptoms or
detect early loosening in asymptomatic patients.
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