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Disorders involving artificial joints are difficult to evaluate due to metal artifacts hindering plain computed
tomography (CT) or magnetic resonance imaging (MRI). In the current case study 18F-fluoro-deoxyglucose
positron emission tomography (18F-FDG-PET)/CT and MRI were used to confirm iliopsoas tendonitis within
the metal artifact areafollowing total hip arthroplasty (THA). The patient was a 61-year-old woman who devel-
oped hip pain on flexion of the ipsilateral hip after THA. Imaging studies were performed to evaluate for iliop-
soas tendonitis due to impingement with the cup. Assessment of the iliopsoas muscle near the artificia joint was
difficult due to the metal artifact on plain CT and MRI. Imaging using 18F-FDG-PET/CT and 18F-FDG-
PET/MRI showed uptake dong theiliopsoas muscle. Therefore, revision was performed to resolve iliopsoas ten
don impingement, and the preoperative pain resolved. The result of the current case study suggest 18F-FDG-
PET/CT or 18F-FDG-PET/MRI will be useful to detect iliopsoas tendonitis within metal artifact areas after

THA.
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Following total hip arthroplasty (THA), the prevalence
of pain ranges from 0.4-18.3%". Often the cause of painis
unknown, even after performing various diagnostic imaging
procedures, and is therefore referred to as pain of unknown
etiology??. One source of pain after THA isiliopsoas ten-
donitis due to impingement with the cup, with areported
incidence of approximately 4%?. THA with an ingppropriate
size and/or installation angle of the cup for anterior acetab-
ular dysplasia, which often has less bony cover, is associ-
ated with a higher incidence of iliopsoas tendonitis™.

Inflammation of the muscle or tendon with edema or bur-
Sitis can be easily detected by plain computed tomography
(CT) or magnetic resonance imaging (MRI) as plain CT
and MRI are useful for muscle and soft tissue imaging.
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Though it is possible that inflammation of the muscle and
tendon away from the artificial joint can be visualized by
plain CT or MRI, detection becomes more difficult in the
presence of metal artifact when it is close to the artificial
joint. Therefore, imaging of iliopsoas tendonitis near the
cup is chalenging with plain CT or MRI.

Recently, reports have suggested 18F-fluoro-deoxyglu-
cose positron emission tomography (18F-FDG-PET) isuse-
ful for evaluation of inflammatory diseases such as infec-
tions and neoplasms®. However, there are no reports on the
use of 18F-FDG-PET in patients with suspected iliopsoas
tendonitis. For the present case report, we hypothesized
that 18F-FDG-PET/CT and 18F-FDG-PET/MRI could aid
in detecting iliopsoas tendonitis due to impingement with
the cup, even if the lesion was close to the artificia joint.
Therefore, we attempted to use 18F-FDG-PET/CT and 18F
FDG-PET/MRI to evauate a patient who suffered from groin
pain due to iliopsoas muscle impingement.

CASE REPORT

This case report was approved by the Ingtitutional Review
Board (IRB) at the Oita University (IRB No. 1396; Date:
April 16, 2018), and informed consent was obtained from
the patient.

The patient was a 61-year-old woman who worked in an
agriculture. She was diagnosed with osteoarthritis associ-
ated with acetabular dysplasiaat 53 years of age and under-
went left femoral curved intertrochanteric varus osteoto-
my with aright THA at 56 years of age. Left THA was per-
formed using metal on polyethylene at 57 years of age
(Fig. 1). Thirty months after the left THA, she developed
pain in the left groin when climbing and descending stairs.
Conservative therapy, including rest and trunk muscle train-
ing, was performed for approximately 18 months, however,
the pain did not improve. There was a distinct difference
between left and right hip flexor muscle strength. Physica
examination revealed no redness, swelling, or heat around
the hip, and the patient did not complain of resting pain.
Patrick’s test was positive, and tenderness was noted in the
Scarpatriangle. The patient aso reported pain on dynamic
hyperextension of the left hip. The results of blood tests
revedled a white blood cell count of 4.06x 10%xL and C-
reactive protein of 0.03 mg/dL. Active infection was not
suspected. Culture of the articular fluid was negative. The
metal ion concentrations were cobalt 0.5 «g/L and chromi-
um 0.5 «g/L. Radiographs showed no clear findings of
fracture, osteolysis, or loosening around the joint replace-
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ment. On plain CT after THA (Fig. 2), protrusion of the
metd cup from the edge of the anterior acetabular wall was
10.3 mm. The peri-articular areawas poorly assessed due
to metal artifact. Imaging using 18F-FDG-PET/CT showed
that the iliopsoas muscle was in contact with the protrud-
ing cup, and a consistent uptake aong the muscle was vis-
ible (Fig. 3). The uptake was found inward from the mus-
cle surface facing the anterior edge of the cup. The maximal
standardized uptake value (SUVmax) was 5.582 in the early
phase and 6.782 in the delayed phase. Uptake within the
joint was also noted, suggesting a spillover of inflamma-
tion. Though plain MRI showed no evidence of pseudotu-
mor or abnormal changes inside or outside the iliopsoas
muscle, similar uptake was noted in the iliopsoas muscle
on 18F-FDG-PET/MRI (Fig. 4). However, 18F-FDG-PET/
MRI showed a clearer depiction of the muscle with uptake

Fig. 1. An anteroposterior pelvic radiograph showing left
primary total hip arthroplasty (M2a, a radial acetabular cup
of size 50 mm and a Bi-Metric femoral stem metal ball head
with a high-wall polyethylene liner [Biomet, Inc., Warsaw,
IN, USA]).

www.hipandpelvis.or.kr



Hip & Pelvis

Makoto Kimura et a. Effectiveness of 118F-FDG-PET/CT and MRI to Detect 1liopsoas Tendonitis after THA

compared to that of 18FFDG-PET/CT. Based on the progress
and image findings after primary THA, we preoperatively
conddered thet the anterior edge of the cup protruding beyond
the bone was the main cause of iliopsoas tendonitis. While
both open and arthroscopic iliopsoas release were consid-
ered for iliopsoas impingement, we selected the isolated
acetabular cup revision. This approach was the best option
considering the high risk of hindering her ability to perform
agricultural work due to hip flexion weakness after iliop-
Soas release.

Fig. 2. Plain preoperative computed tomography (CT) image.
The cup inclination was 37° and anteversion was 26° with stem
anteversion of 18°. The front edge of the cup is seen protrud-
ing forward on reduction of the CT artifact.

We used the posterior approach for revision. Intraoperative
findings (Fig. 5A, B) showed an accumulation of dlightly
bloody joint fluid in the joint capsule. There was no gross
ly obvious hematoma or fluid retention in the iliopsoas
muscle. No gross evidence of corrosion or wear was noted
in the extracted implants (Fig. 5C-E). Revision with reten-
tion of the femoral stem was performed under the guid-
ance of a CT-based navigation system (Brain Lab, Munich,
Germany) using a smooth-edged cup with a48-mm diam-
eter (Continuum Acetabular System, Zimmer, Warsaw, IN,
USA). The cup was replaced at a more media position, and
the absence of any anterior protrusion that could cause
impingement was confirmed intraoperatively (Fig. 6). In
the early postoperative period, the patient’s pain and abil-
ity to perform daily activities improved markedly, includ-
ing her ability to ascend and descend stairs. The Harris hip
score, which was 56 points preoperatively, was 91 points
at 6 months postoperatively. The patient was able to achieve
the standard clinical outcome that is expected with prima-
ry THA.

Per 18F-FDG-PET protocol, the patient fasted for at
least 6 hours before examination, and the dose of 18F-
FDG used was 3.7 MBg/kg. Images using 18F-FDG-PET
were acquired from the orbit to the thigh using a PET scan-
ner (BIOGRAPH 40; SIEMENS, Munich, Germany). The
patient’s blood glucose level was monitored, and the pro-
cedure was carried out after confirmation that the level was
below 150 mg/dL prior to injection. The early and delayed
phases were performed after 60 minutes and between 90
and 120 minutes, respectively. The PET data were recon-
structed in a 168 x 168 matrix.

CT was performed using a BIOGRAPH 40 TruePoint

Fig. 3. Plain computed tomography (CT) and fluoro-deoxyglucose positron emission tomography (FDG-PET]/CT images at the
same level. (A] Plain CT image with extensive artifact. The soft tissues near and around the prosthesis are difficult to assess.
(B) Accumulation seen in the iliopsoas muscle. (C) The FDG-PET/CT image at a slightly higher position than B, and continu-
ous uptake is observed within the iliopsoas muscle on the side of the cup.
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Fig. 4. Plain magnetic resonance imaging (MRI) and fluoro-deoxyglucose positron emission tomography (FDG-PET]/MRI
images at the same level. (A) Plain MRI image with extensive artifact complicating assessment of the soft tissues near and
around the prosthesis. (B] Accumulation localized at the psoas muscle. (C) The FDG-PET/MRI image at a slightly higher posi-
tion than B, and continuous accumulation is observed within the iliopsoas muscle on the cup side.

Fig. 5. Surgical findings. (A) Serosanguineous joint fluid with no purulence. (B) No metallosis or necrotic tissue can be seen
within the joint. (C) There are no visible signs of metallic corrosion of the head and neck. (D) There is no evidence of exces-
sive polyethylene wear. (E) There is satisfactory osseointegration of the prosthesis with the bone (bone ingrowth].
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Fig. 6. An anteroposterior pelvic radiograph following left
revision total hip arthroplasty. A small-sized cup (48 mm)
was installed deep and internalized with an inclination of 39°
and anteversion of 24° under the control of the navigation sys-
tem. The offset polyethylene liner of 7 mm (Longevity offset
liner; Zimmer, Warsaw, IN, USA] with a 6-mm longer ball head
of 32-mm diameter was used during the revision surgery to
obtain the accurate leg length correction and soft tissue ten-
sion for dislocation prevention.

(SIEMENS) with adice thickness of 3 mm and arecon spac-
ing of 2 mm. PET was performed using the same parame-
ters and imaging conditions as those of CT (120 kV and
220 mAs [for CARE Dose4D]).

MRI was performed on a 3T system (Achieva; PHILIPS,
Amsterdam, Netherlands) using a 32-channel cardiac cail.
The MRIs were obtained as T1-weighted, T2-weighted,
and short T1 inversion recovery imagesin the coronal and
axial planes. The diffusion image was aso configured. The
metal artifact reduction sequence-MRI (MARS-MRI) was
used.

www.hipandpelvis.or.kr

DISCUSSION

Inthe current case, apatient presented with pain of unknown
etiology after THA. Lesions that could not be visualized
by plain CT or MRI due to metal artifacts were detected
using 18F-FDG-PET/CT and 18F-FDG-PET/MRI. The
lesion was continuoudly present on the side of the cup with-
in the iliopsoas muscle. Though it was difficult to identify
an impingement between the iliopsoas muscle and metal
cup dynamically, revision was performed for the diagnosis
of iliopsoas tendonitis which was caused by the cup pro-
truding beyond the anterior edge. There were no intraop-
erative findings to suggest other diseases. After surgery,
the patient reported that her pain was resolved.

Anterior groin pain or weakness of hip flexion with iliop-
soas tendonitis due to impingement with the cup should be
considered a complication after THA®, Ultrasonography
is non-invasive, inexpensive, and useful in diagnosing iliop-
soas tendonitis due to iliopsoas impingement after THA
asit has real-time imaging functionality during motion™.
However, the success of ultrasonography depends on the
examiner’s expertise and may produce an image that is not
clear as it does not have equal sensitivity and specificity
indl facilities. Alternatively, imaging of iliopsoas tendonitis
and inflammatory changes within the muscle located away
fromthemetd can bedepicted in plain CT or MRI®2, Quditative
assessments of areas near implants with metal artifacts
remain challenging.

Imaging using 18F-FDG-PET, typically used for the eval-
uation of neoplastic diseases™, has been used to identify
inflammatory diseases such as infections and for imaging
evauation after THA. Activation of the glycolytic system by
atered glucose metabolism in tumor cells can be assessed
by the FDG uptake. Anincreased FDG uptake in activated
inflammatory cells, such as lymphocytes and macrophages,
also reflects increased glucose transporter proteins on the
cdl surface and increased glycolytic metabolism. Asaresult,
such amolecular histological reaction as mentioned above
can be visualized as a contrast uptake as in other inflamma-
tory diseases associated with increased glucose metabo-
lism*®, The uptake of FDG in inflammation and other dis-
eases is characterized by atrend toward a decreasing value
rather than a marked increase or decrease in dua-time point
imaging applications®. This approach has been used as a
tool for objective interpretation of the severity of inflamma-
tory diseases such as rheumatoid arthritis™. The evaluation
of pseudotumors after metal-on-metal-bearing THA was
similarly evaluated using 18F-FDG-PET/CT and has been
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reported to be potentially useful for diagnosis®. Reinartz
et al.* found that the PET collection area and uptake val-
ues revealed atrend toward infection and loosening of the
prosthesis. However, there is no clear diagnostic cutoff
value and statistics on SUV vaues during infection and
prosthesis loosening are not available. Choe et a. found
that the mean SUV's for an infection group and a control
group were 11 (5-17) and 4 (3-6), respectively. Reinartz et
al.™® also reported a high possibility of infection when the
SUV value was over 5-6. Following THA, nonspecific
uptake up to SUV 2.5 in contact with the bearing area or
the head-neck junction®, and intra-articular uptake in con-
tact with the artificia joints should be diagnosed careful-
ly and accurately. Unlike sites with non-specific uptake,
a continuous high uptake within the iliopsoas muscle, as
in the present case, is a valuable imaging finding that sug-
gests the presence of iliopsoas tendonitis. Herein, iliopsoas
tendonitis occurring in the vicinity of an artificial joint was
difficult to diagnose by plain CT or MRI due to meta arti-
facts, but visualization was possible when combined with
18F-FDG-PET. Given that 18F-FDG-PET/CT and 18F-
FDG-PET/MRI are expensive tools and are still poorly cov-
ered by medical insurance in many countries, they should
be used with caution in clinical practice. It is advisable to
perform PET only when the diagnosis of iliopsoas ten-
donitis is uncertain following standard ultrasound, plain
CT, and MRI examination along with the progression and
detailed physical findingsin patients. Based on the find-
ings of the current case, CT or MRI used simultaneously
with PET enabled anatomical identification of soft tissues,
which was useful for the diagnosis of iliopsoas tendonitis.
As there was no considerable difference between 18F-
FDG-PET/CT and 18F-FDG-PET/MRI it is not necessary
to perform both to identify alesion in the meta artifect area.

In conclusion, the current case study reports the use of
18F-FDG-PET/CT and 18F-FDG-PET/MRI for the diag-
nosis of iliopsoas tendonitis after primary THA. Though
iliopsoas tendonitis was suspected based on clinical find-
ings and other factors, uptake in the iliopsoas muscle in
the vicinity of the joint was noted. Uptake was difficult to
visualize on plain CT and MRI dueto ameta artifact. We
suggest that anatomical identification is possible by over-
laying the findings obtained with CT and MRI. Iliopsoas
tendonitis after THA should be diagnosed comprehen-
sively congdering physical findings and implant placement,
along with exclusionary diagnoses. The current study finds
that 18F-FDG-PET/CT and 18F-FDG-PET/MRI is ause-
ful imaging tool to detect this condition, especialy if meta
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artifactson plain CT and MRI images are present. As most
cases of iliopsoas tendonitis after THA initially occur near
the metal implant due to impingement with the cup, use of
18F-FDG-PET/CT and 18F-FDG-PET/MRI are valuable
toolsfor early diagnosis.
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