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KEY POINTS

e SPECT/CT can complement clinical examination and radiological imaging in chronic pain
after total ankle arthroplasty by providing metabolic information.

e High diagnostic accuracy of SPECT/CT in diagnosing gutter impingement and prosthetic
loosening of total ankle arthroplasty has been shown.

e SPECT/CT can provide additional information in inconclusive diagnostic findings and can
help to differentiate symptoms in painful total ankle arthroplasty.

e Evidence of diagnostic accuracy of SPECT/CT in periprosthetic joint infection of the ankle
is rare but seems to provide additional information.

COMPLICATIONS FOLLOWING TOTAL ANKLE ARTHROPLASTY

With the introduction of second and third-generation total ankle arthroplasty (TAA),
concomitant decreasing complication rates and prolonged implant survival there is
a significant increase in total ankle replacements over the last decades.’? Despite
high patient satisfaction rates, up to 60% of the patients report persistent ankle
pain, swelling, and stiffness.®>® The need for secondary procedures has been
observed in up to 39%° and also relatively high failure rates of 10% to 20% within
the first 10 years are reported in the literature.” Therefore, surgeons must be aware
of proper diagnostic evaluation and therapeutic management particularly as the cause
of persistent pain can be difficult to identify. Meticulous diagnostic workup is required
to find the best conservative or operative treatment, as these reach from specific local
debridement and implant retention to revision TAA, arthrodesis or even below-knee
amputation.®°
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CAUSES OF ANKLE PAIN AFTER TOTAL ANKLE ARTHROPLASTY

Migratory complications are the most common cause of failure including aseptic loos-
ening and subsidence occurring in 8.7% and 10.7% of primary TAA respectively.'®
Patients mostly describe a deep pain inside the joint on the initiation of weight bearing
or after sedentary activity.' Mechanical overload or progressive cyst formation also
can provoke fractures. Postoperative fractures occur in up to 4% of primary TAA
and can cause significant pain.'? 2 Fatigue fractures can cause unspecific deep ankle
pain and are sometimes not visible on x-ray and MRI near the joint, especially in the
initial phase.™

Another common pathology of delayed complications following TAA is the formation
of bony overgrowth observed in 63% of total ankle replacements, partially with
concomitant impingement.'® Other authors report an incidence of heterotopic ossifi-
cations of about 90%."%'7 In a recent meta-analysis impingement was found as one of
the most frequent postoperative complications occurring in approximately 6% after
TAA."® Gutter discomfort can result in case of inadequate intraoperative gutter
debridement, exacerbated by varus or valgus malalignment or developing ossifica-
tions.™ Rippstein and colleagues also reported impingement between the talar
component and the malleoli resulting presumably in medial pain.?°

Arthrofibrosis and ankle stiffness caused by overstuffing of the ankle with too large
implant components or insufficient bone resection of the distal tibia has to be included
in the differential diagnosis.® Further explanations for persistent ankle pain comprises
instability and malposition of prosthetic components.?! Discomfort of surrounding
joints and structures can also be wrongly assigned to the ankle prosthesis. In partic-
ular, stiffness of the ankle can intensify pain in the subtalar joint. Degeneration of adja-
cent joints can develop or become painful.? It is mandatory to discern adjacent
etiologies of pain from TAA failure or discomfort.

Besides structural and hardware problems, periprosthetic joint infection has to be
excluded. This can cause persistent ankle pain affecting 3% to 5% of patients after
TAA.??2% Especially chronic infections generating moderate symptoms without spe-
cific signs of inflammation, normal laboratory values and negative aspirate tend to
be misdiagnosed.?*

It is often difficult to differentiate the cause of pain after TAA clinically. Therefore, im-
aging modalities are necessary for analysis.

IMAGING AFTER TOTAL ANKLE ARTHROPLASTY

Plain weight-bearing radiographs are the first imaging tool to evaluate prosthesis and
bony alignment with special regard to loosening zones and subsidence of the tibial or
the talar component. Furthermore, fractures and osteophytes suggesting gutter
impingement can be depicted.?%2°

Nevertheless, radiographs are often nonpathologic or underrate loosening signs.
Hanna and colleagues?®” found 87% of periprosthetic lesions in CT were inadequately
characterized in plain radiographs with osteolytic lesions being three times larger on
CT than on radiography. Linear lucencies greater than 2 mm are considered to be sig-
nificant.?® Bonnin and colleagues’ reported tibial or talar cysts of about 5 mm in 22%
after TAA at an average follow-up of approximately 9 years.

MRI is used for many foot and ankle problemes due to its adequate resolution and
excellent soft tissue contrast. But in postoperative state with embedded metal com-
ponents the value of MRl is limited, though metal-suppression mode is available.?®

Overall, radiographic abnormalities and complications have been observed in up
to 62% after TAA, even if it is not inevitably linked to prosthetic failure or clinical
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symptoms.®° The common limitation of the aforementioned imaging tools is the inability
to determine structural findings being symptomatic for the patient. Since revision sur-
gery of TAA is an important psychologic and physical burden for the patient and also
leads to high economic costs, unnecessary revision surgeries have to be avoided.®'-°?

BONE SCINTIGRAPHY

Bone scintigraphy enables a functional diagnostic in contrast to radiographs present-
ing only structural and anatomical conditions. Compared to other nuclear medicine
scans such as positron emission tomography (PET), scintigraphy and its variations
are cheaper and have a higher availability.>® After injection the radiopharmaceutical
accumulates in metabolically active areas of the skeleton resulting in enhancements
in planar bone scintigraphy images. The choice of a specific radiopharmaceutical de-
pends on the analyzed tissue. For Bone, mostly Tc-99-m-labeled diphosphonates are
used, for example, methylene diphosphonate, hydroxymethylene diphosphonate, or
hydroxyethylene diphosphonate. Binding to hydroxyapatite as part of the inorganic
bone matrix, regions of enhanced vascularity and osteoblastic activity can be
detected .*4°" Even a 5% change in bone metabolism induces a corresponding signal
in nuclear imaging, whereas in radiographs and CT a bone loss of 40% to 50% is war-
ranted to be detected as lucency zones.®”:*® Therefore, scintigraphy enables early
diagnosis of bone dysfunctions and has emerged to an important tool in the diagnos-
tics of metastases with a sensitivity between 85% and 96%, though the detection of
purely lytic metastases is limited.°

Diagnostic accuracy, especially in infections, was increased up to 70% by triple-
phase bone scan. Combination of bone and gallium-67 imaging, a radiotracer accumu-
lating in infections, showed further improved sensitivity and specificity in the diagnosis
of infective bony conditions like osteomyelitis and periprosthetic joint infections reach-
ing an accuracy up to 80%. Further improvement in diagnostic accuracy of infections
was reached by labeled leukocyte imaging. Pure leukocyte imaging is limited by the nat-
ural accumulation of white blood cells in the healthy red bone marrow resulting in false
positive diagnoses of osteomyelitis. Combination of leukocyte/marrow imaging finally
was shown to have the highest sensitivity and specificity with an overall accuracy of
about 90% in diagnosing periprosthetic joint infection compared to bone, gallium/
bone, and leukocyte/bone imaging.**°

Despite the relevant results of bone scintigraphy, low spatial resolution, and two-
dimensional characteristics result in the inability to exactly localize pathologic en-
hancements and therefore to carry out a specific diagnosis in anatomically complex
structures like the foot.

SPECT AND SPECT/CT

Single Positron Emission Computer Tomography (SPECT), once introduced in the
1960s and 1970s, also uses Tc-99-m-labeled diphosphonates accumulating in regions
of enhanced bone metabolism. In contrast to plane scintigraphy, three-dimensional im-
ages are generated by one or several rotating gamma-cameras detecting single pho-
tons. But even with modern SPECT-cameras the resolution and accurate localization
are limited by the lack of anatomical markers.*"#2

Along with further developments in nuclear medicine, radiological assessment
improved enabling high anatomical resolution by multislice CT scans. In 1999, the
fusion of SPECT and CT was introduced as hybrid imaging technology joining the
high sensitivity of functional imaging and the high specificity of morphologic imaging
allowing the correlation of tracer uptake and anatomical landmarks.*
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Due to the combined presentation multimodality SPECT/CT is a useful tool to pre-
cisely localize main pathologies in diffuse pain symptoms, especially in anatomically
complex regions like the foot. SPECT/CT was found to provide additional information
compared to planar scintigraphy and therefore can influence further management.**
Correlation of spatial diagnostics and pain generation was confirmed by pain relief af-
ter injections guided by pathologic tracer uptake.*>4¢

Regarding the amount of radioactivity administered, SPECT has generally a lower
effective dose than PET. The effective dose of bone scintigraphy for an adult is
approximately 3-4 mSv. The additional CT adds less than 0.1 mSv.33

SPECT-CT IN ORTHOPEDIC INDICATIONS
Painful Total Hip and Knee Arthroplasty and Lower Back Pain

SPECT-CT is already an established tool in orthopedics. Its use has been shown very
beneficial in low back pain and after total joint arthroplasty.*> SPECT/CT has been
established as a second-line tool in the diagnostic regime of periprosthetic disorders
in hip and knee showing high diaghostic accuracy.*” Hirschmann and colleagues®®
evaluated SPECT/CT after totoal knee arthroplasty (TKA) in a prospective study
analyzing 100 patients. Findings of SPECT/CT influenced further therapy in 85% and
matched intraoperative diagnoses in 97 %. Particularly, femoral loosening and patella-
femoral osteoarthritis have been found in SPECT/CT with a specificity of 100%. The
benefit of hybrid imaging in diagnosing implant loosening and patellofemoral osteoar-
thritis has been confirmed by Murer and colleagues*® reporting a sensitivity and spec-
ificity for aseptic loosening of 95% and 100% respectively. For patellofemoral
osteoarthritis, a sensitivity of 96.5% and a specificity of 96.2% were found. This high
diagnostic accuracy for implant loosening has been affirmed in a meta-analysis by
Barnsley and colleagues comparing SPECT/CT arthrography with plane bone scintig-
raphy and "®F-FDG-PET.*° Based on imaging findings and assured diagnosis a stan-
dard localization scheme presenting typical pathology-related uptake patterns was
described.®’ Likewise, Mathis and colleagues®” identified special activity patterns in
SPECT-CT corresponding to component-positioning of TKA, instability, and patella-
related problems. Patella mal tracking based on tibial malrotation resulting in specific
tracer enhancements has been described before.>® Therefore, biomechanical malfunc-
tion can be revealed emphasizing the effect of implant position on surrounding biologic
structures. In unicondylar knee arthroplasty SPECT/CT has been proven to deliver addi-
tional diagnostic findings in case of implant loosening and osteoarthritis in the other
compartments of the knee.>* Besides clinical advantages, also economic profits are
described. Van der Wyngaert found that SPECT/CT is highly cost-saving and superior
to standard CT or MARS-MRI (Metal Artifact Reduction Sequence) in painful TKA.®

Similarly, SPECT/CT in painful total hip arthroplasty (THA) has been evaluated in
diagnosing aseptic loosening showing a diagnostic accuracy up to 100%°%°" and
therefore outperforming MRI.5® Comprising a multiplicity of causes for persistent peri-
prosthetic pain a lower diagnostic efficacy of 61% has been reported for THA®
compared to the diagnostic accuracy of 97% in TKA.*8 This unequal diagnostic accu-
racy has been confirmed by Arican and colleagues.®® Nevertheless, SPECT/CT has
been proven to deliver specific imaging characteristics for several pathologies in pain-
ful THA®" including aseptic loosening,®? symptomatic heterotopic ossification,®® peri-
prosthetic fractures® and tendinopathies®’

Distinction between aseptic and septic loosening is difficult as both pathologies are
characterized by diffuse tracer enhancements at the bone/implant interface particularly
in the first year after implantation due to an individual basic tracer acquisition.*°

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en septiembre 21, 2023. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



SPECT-CT of Total Ankle Arthroplasty

Therefore, SPECT/CT is recommended to rule out but not to confirm periprosthetic joint
infection based onit’s high negative predictive value. SPECT/CT using Tc-99m-labeled
antigranulocyte antibody had a sensitivity of 89% and a specificity of 73% resultingin a
positive predictive value of 57% and a negative predictive value of 94% in diagnosing
infections in TKA and THA.®° Nevertheless, hybrid imaging of white blood cells and
bone marrow has been shown to have the highest diagnostic accuracy of about 90% .56

The third common application field of SPECT/CT in orthopedics is chronic lower
back pain. A high incidence of asymptomatic degenerative changes can interfere
with the cause of pain complicating the detection of the underlying pathology.®” Sensi-
tivity of SPECT/CT in detecting facet arthropathy has been confirmed by high success
rates in pain relief after facet infiltrations guided by SPECT/CT imaging.®® Accordingly,
this imaging tool is also beneficial in determining segments for spine fusion.®” Also in
vertebral fractures SPECT/CT is able to reveal acute fractures in a multiply affected
osteoporotic spine resulting in a significant higher satisfaction rate after vertebroplasty
compared to preoperative planar bone imaging.®® Considering enhanced basic tracer
uptake up to 1 year after surgical therapy in the back area, SPECT/CT is also used to
reveal causes of persistent pain comprising hardware loosening, pseudarthrosis, adja-
cent instability, active degeneration of facet joint, sacroiliac joints and discs. Accord-
ing to aseptic loosening after THA and TKA, SPECT/CT shows a high diagnostic
accuracy with a sensitivity of 100% and a specificity of 89.7% in diagnosing hardware
loosening after lumbar fusion.”®

SPECT/CT IN FOOT AND ANKLE

SPECT/CT is gaining in importance in foot and ankle surgery delivering additional in-
formation in the diagnostic work up of different pathologies.”’ Recently, Eelsing and
colleagues’ systematically reviewed the added value of SPECT/CT in the manage-
ment of foot and ankle pain reporting an overall improvement in diagnostics compared
to clinical examination and plain radiography in 60%. Change of further management
is described in 62% leading to an improvement of pain symptoms in 92%. Besides
radiography and clinical evaluation, also MRI, planar bone scintigraphy and CT and
SPECT only have been outperformed in diagnostic accuracy by hybrid imaging in
SPECT/CT. Mohan and colleagues** developed a diagnostic algorithm rating
SPECT/CT as a useful tool in patients with conditions of assumed bone pathology
rather than soft tissue discomforts. Here, SPECT/CT has been shown to provide addi-
tional information in 80% of the patients and led to more accurate localization of pa-
thologies in 64% of cases compared to plain scintigraphy influencing therapeutic
management in about 50%. Accordingly, the most relevant applications of SPECT/
CT in foot and ankle pain include osteoarthritis, malalignments, osteochondral lesions,
stress fractures, symptomatic accessory bones, tarsal coalition, diabetic feet, and
postoperative pain.?®”3 Since the anatomy of the midfoot is highly complex, localiza-
tion of active osteoarthritis is quite difficult. Advantages of SPECT/CT in localizing
symptomatic changes with high inter- and intra-rater reliabilities have been re-
ported.”*”® SPECT/CT-guided injections in symptomatic degenerative pathologies
in the ankle, hindfoot, and midfoot resulted in pain improvement in 86% to 88%¢%%4¢
and SPECT/CT-guided management showed symptom improvement in more than
90% of patients particularly in Lisfranc- and Chopart-joints.”® Osteochondral lesions
(OCL) are a common cause of ankle pain since both chronic ankle instability and acute
ankle sprains can result in osteochondral lesions of the talus. Nevertheless, there are
also asymptomatic osteochondral lesions. Like in osteoarthritic changes, also in OCL
SPECT/CT shows a high correlation between tracer uptake and pain, confirmed by
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pain reductions after local anesthesia injection based on SPECT/CT findings.”® Meftah
and colleagues’’ compared SPECT/CT with MRI in characterizing talar OCL. They
highlighted early detection of OCL and accurate assessment of lesion size in
SPECT/CT resulting in an optimized preoperative planning and postoperative man-
agement in case of persistent pain.

Besides degenerative changes and sterile inflammatory pathologies, SPECT/CT
was also used in diagnosing and observing progress of osteomyelitis in diabetic
feet showing a high sensitivity up to 90% but a lower specificity of 56%.7%7° Dual
isotope scanning using Tc-99-m-labeled HDP and In-111-labeled white blood cells
reached a higher accuracy with a sensitivity of 95% and a specificity of 94% than
bone scan or leukocyte scanning alone.®°

Though limited diagnostic value in soft tissue pathologies, the use of SPECT/CT in
impingement, Achilles tendinitis, and plantar fasciitis has been reported.®'-%? Showing
a similar sensitivity but a slightly higher specificity compared to MRI,%® SPECT/CT can
provide additional findings particularly in inconclusive symptoms and diagnostic
results.®*

Overall, SPECT/CT is recommended in complex ambiguous foot pathologies deliv-
ering additional information for treatment optimization.?67"-8

SPECT/CT IN PAINFUL TOTAL ANKLE ARTHROPLASTY

Managing chronic ankle pain after total ankle replacement is challenging since cause
of pain is diverse. Limitations of radiography, CT, and MRI have been described
before. Especially, imaging findings do not necessarily accord to clinical symptoms.
High rates of tibial and talar cyst formations without indication for revision surgery
are reported in the literature.%:8”

Correlation of sensitive functional evaluation and specific structural imaging may
help to overcome these limitations. Patients undergone prior surgery with retained
metal implants and presumably suffering from bony pathologies rather than soft tissue
disorders have been shown to mostly benefit from SPECT/CT.*488

Accordingly, the diagnostic value of SPECT/CT in periprosthetic ankle pain has
been confirmed by high congruence of imaging findings and intraoperative diagnosis.
Mertens and colleagues® reported a concordance rate of 95.8% developing a local-
ization scheme of periprosthetic tracer uptake according to the validated Bruderholz
localization scheme for knee replacements.®" Similarly, Gurbani and colleagues®
found consistent findings between SPECT-CT and clinical or intraoperative findings
in 89.2% and 92.9% respectively. In contrast, MRI findings were consistent with clin-
ical findings in 36.8% and in 57.9% of the cases in which MRI and SPECT/CT were
performed. The most common findings in SPECT-CT were aseptic loosening and
impingement. Further diagnoses were malalignment, cyst formation, subtalar arthritis,
and infection.

Nevertheless, the use of SPECT/CT after TAA is limited by the lack of information
about periprosthetic tracer uptake in asymptomatic patients. A certain level of phys-
iologic uptake after TAA is known, but the degree of this and changes over time
have not been described.®® In THA increased enhancement is described up to 2 years
post-implantation depending on the use of bone cement and implant surface.®' Some
authors recommend serial imaging for detection of pathologic changes in tracer up-
take, whereas persistent tracer enhancement has been reported in some segments
12 to 24 month after hip arthroplasty without any evidence of pathologic cause.
Persistent tracer uptake beyond 1 year after implantation was more frequent in
porous-coated hip replacement than in cemented implants reflecting a normal healing
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process.?? Since total ankle replacements are mainly noncemented types having
rough surfaces, prolonged periprosthetic tracer enhancement is conceivable. Equally,
postsurgical tracer uptake is reported for total knee arthroplasty with individual time
course.®® Within the first 12 to 18-months differentiation between aseptic and septic
loosening therefore has been proven to be difficult.®* Because of those inconsistent
periprosthetic uptake patterns a general orientation on knee and hip replacements
does not seem to be reliable. Therefore, a specific evaluation of basal tracer uptake
after ankle replacements is necessary. Mertens and colleagues®® also found a persis-
tent diffuse uptake surrounding asymptomatic total ankle prosthesis 2.5 years after
implantation.

SPECT/CT IN ASEPTIC LOOSENING AND CYST FORMATION AFTER TOTAL ANKLE
ARTHROPLASTY

Although being the most common cause of TAA failure, diagnosing implant loosening
is often impeded by asymptomatic cyst formation or lucency lines. On the other hand,
aseptic loosening may often be misdiagnosed. In a recent study, high incidences of
medial talar prosthesis loosening or poor bony ongrowth not diagnosed in conven-
tional radiographs have been identified in SPECT/CT.?! Loosening of TAA has been
described to affect the talar component in only 11%.°° Mason and colleagues?®' found
insufficient talar component integration with enhanced tracer uptake in 12 of 14 pa-
tients with negative radiograph findings. Accordingly, the authors claim that the inci-
dence of talar loosening might be underestimated in routine diagnostics presumably
due to the complex structure of the talar part of the prosthesis. As well, Gurbani
and colleagues® found aseptic loosening in 11 of 28 patients undergoing revision sur-
gery. In 2 patients both tibial and talar components were affected showing tracer up-
take both at the tibial and the talar interface. The other 9 revisions only showed talar
loosening with tracer enhancement only beneath the talar component. Nevertheless,
Gurbani and colleagues also assumed loosening in 2 of 28 cases not confirmed intra-
operatively resulting in a false positive rate of 15%. In a comparable study, Mertens
and colleagues®® found aseptic loosening in 25% (5 out of 22) affecting only the tibial
component. They suggested a localization scheme based on the one of TKA.%'
Thereby, the tibia component was divided into 8 areas (anterior medial, anterior cen-
tral, anterior lateral, posterior medial, posterior central, posterior lateral, tibia shaft,
and tibia tip) and the talus into 9 areas. Activity was scored on a 5-point scale
(1 = no increased uptake, 3 = moderate increased uptake, 5 = marked increased up-
take). Hereby, a concordance rate between SPECT/CT imaging and intraoperative
findings of 95.8% has been achieved. Fig. 1 shows radiographs, CT-scans, and
SPECT-CT images in a patient with cyst formation and subsequent fracture and pros-
thetic loosening. Overall, the use of hybrid imaging with SPECT/CT can increase the
sensitivity of diagnosing aseptic loosening after TAA.

SPECT/CT IN GUTTER IMPINGEMENT AFTER TOTAL ANKLE ARTHROPLASTY

Gutter impingement structurally presents with talomalleolar degeneration and gutter
ossification.®® If plain radiographs or CT-scans are not conclusive, nuclear imaging
with SPECT/CT can help to confirm diagnosis showing an enhanced tracer uptake
at the gutters medially or laterally.’® Mertens and colleagues®® diagnosed gutter
impingement in 12 of 22 analyzed TAA by detecting a significantly enhanced tracer up-
take at the gutters. As well, Gurbani and colleagues® found gutter impingement with
enhanced tracer uptake localized at the gutters in 7 of 28 revision surgeries. Specific
treatment comprising infiltrations, debridement, and analgesics resulted in pain relief
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Fig. 1. Talar cyst formation and subsequent prosthetic loosening after total ankle arthro-
plasty. A 50-year-old man presented in our clinic with acute pain 8 years after implantation
of total ankle prosthesis (Tornier Salto) and subtalar arthrodesis. (A, D): Conventional radio-
graphs showed tibial stress shielding without other abnormalities. (B, E): CT imaging reveals
talar cyst formation. (C, F): To exclude prosthetic loosening, SPECT/CT was performed depict-
ing high grade osteolysis with tracer enhancement presumably in talar bone (Fig. 1B, C, E, F).
Acute pain was likely due to acute osteolytic fracture. Therapy options comprised cyst filling
and revision of the talar component or arthrodesis of the ankle joint.

in 90% to 100%. Also in other studies pain relief after appropriate debridement of the
gutters is described in 84% of affected patients with symptomatic gutter impinge-
ment.®® Therefore, using SPECT/CT can help to introduce a specific therapy and avoid
unnecessary revision surgeries.

SPECT/CT IN PERIPROSTHETIC FRACTURES AFTER TOTAL ANKLE ARTHROPLASTY

Occult periprosthetic fractures after TAA affect up to 4% of patients after primary
TAA.'213 Mertens and colleagues®® describe diagnosing periprosthetic fractures after
TAA with SPECT/CT. Diagnosis of periprosthetic fracture was met in 5 of 22 scans
showing focal enhancement in SPECT/CT. Structural fracture lines were obvious in
CT-scans without nuclear imaging in 3 patients. Two cases did not show any cortical
abnormality and were treated as stress fractures. Generally, stress fractures are
mainly diagnosed by MRI depicting the osseus edema more sensitive than other im-
aging modalities. Since its use is limited nearby metal implants, SPECT/CT was shown
to be advantageous.’® Most common localization of periprosthetic fractures in the
ankle is the medial malleolus.'® There is a multiplicity of differential diagnoses in this
area comprising gutter impingement or tendinopathies. Nevertheless, after appro-
priate therapy of temporary immobilization in 4 patients and screw fixation in 1 patient
pain relief is reported confirming correct diagnosis in the before mentioned study.®°

SPECT/CT IN DIAGNOSING OSTEOARTHRITIS OF ADJACENT JOINTS AFTER TOTAL
ANKLE ARTHROPLASTY

The hindfoot is anatomically and biomechanically complex since tibiotalar, subtalar,
and Chopart-joints are close together and abnormalities in one of them can lead to
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increased load and wear in the other joints. Initial subtalar osteoarthritis can progress,
especially in case of tibiotalar stiffness after TAA.® Gurbani and colleagues® evaluated
the use of SPECT/CT in painful TAA and found symptomatic subtalar osteoarthritis in 2
of 33 patients. Diagnosis based on structural changes in the subtalar joint in CT scan
and corresponding tracer enhancement in SPECT can identify these findings as symp-
tomatic. Subtalar arthrodesis was performed and led to significant improvement in
pain symptoms. Advantages of SPECT/CT in identifying active osteoarthritis particu-
larly in the midfoot are described above. Fig. 2 shows the ability to differentiate active

Fig. 2. Aseptic prosthetic loosening. A 56-year-old man presented with pain at rest and un-
der stress 8 years after implantation of total ankle prosthesis. Clinical examination was
inconclusive to differentiate prosthetic loosening and subtalar osteoarthritis. (4, D): Radio-
graphs showed talar cyst formation assuming prosthetic loosening and incipient osteoar-
thritis in the posterior part of the subtalar joint. (B, E): Also CT-scans show both
periprosthetic loosening zones and subtalar degenerative changes. For preoperative deci-
sion making regarding the need of arthrodesis both in the ankle and subtalar joint,
SPECT/CT was performed. (C, F): Hybrid imaging showed prosthetic loosening both of the
tibial and talar component with relevant tracer enhancement. There was no tracer enhance-
ment of subtalar joint. Removal of total ankle prosthesis and arthrodesis with autologous
interposition bone graft was planned.
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osteoarthritis in adjacent joints structurally seen in x-ray imaging from prosthetic dis-
advantages like aseptic loosening.

SPECT/CT IN PERIPROSTHETIC JOINT INFECTION AFTER TOTAL ANKLE
ARTHROPLASTY

Studies dealing with the use of SPECT/CT in periprosthetic joint infection of the ankle
are rare and controversial. While implant infection has been confirmed by additional gal-
lium scan by Gurbani and colleagues,®® in another study, ankles being positive for infec-
tion in labeled white blood cell-scans proofed to be false positive.2° Finally, Henry and
colleagues® recommend using SPECT/CT in the diagnostic work up of painful total
ankle replacement after exclusion of infection following Musculoskeletal Infection Soci-
ety (MSIS) criteria®” of periprosthetic joint infections. Since these criteria have been
developed regarding hip and knee replacements, they are not optimized for ankle re-
placements. Furthermore, in case of chronic situations without obvious clinical symp-
toms, normal laboratory values, and dry arthrocentesis additional diagnostics is
necessary to detect infection. Here, SPECT/CT could provide additional information.

SUMMARY

SPECT-CT has been shown to be a valuable tool for orthopedic surgeons. In painful
total ankle replacements studies have shown high diagnostic accuracy influencing
further management. Although information on the diagnostic value of SPECT/CT in
diagnosing osteoarthritis of adjacent joints is rare, daily clinical use and confident
cases show its value. While its clinical value in diagnosing impingement and implant
loosening has been confirmed, the accuracy of SPECT/CT in diagnosing peripros-
thetic joint infection of the ankle is still controversial. Nevertheless, SPECT-CT has
to be interpreted with caution, as basal tracer uptake surrounding TAA components
can occur especially in high-demand patients and in the first years after implantation.

CLINICS CARE POINTS

SPECT/CT can complement clinical examination and radiological imaging in chronic pain
after total ankle arthroplasty by providing metabolic information

High diagnostic accuracy of SPECT/CT in diagnosing gutter impingement and prosthetic
loosening of total ankle arthroplasty has been shown in the literature

SPECT/CT can provide additional information in inconclusive diagnostic findings and can help
to differentiate symptoms caused by prosthesis or periprosthetic discomforts

Evidence of diagnostic accuracy of SPECT/CT in periprosthetic joint infection of the ankle is
rare but seems to provide additional information in clinical and imaging work up

Basal tracer enhancement has to be considered for the interpretation of imaging findings

DISCLOSURE

The authors have nothing to declare regarding this study.

REFERENCES

1. Singh JA, Ramachandran R. Time trends in total ankle arthroplasty in the USA: a
study of the National Inpatient Sample. Clin Rheumatol 2016;35:239-45.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en septiembre 21, 2023. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1083-7515(23)00059-1/sref1
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref1

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

SPECT-CT of Total Ankle Arthroplasty

. Rushing CJ, Mckenna BJ, Zulauf EA, et al. Intermediate-term outcomes of a third-

generation, 2-component total ankle prosthesis. Foot Ankle Int 2021;42:935-43.

. Gougoulias N, Khanna A, Maffulli N. How successful are current ankle replace-

ments?: a systematic review of the literature. Clin Orthop Relat Res 2010;468:
199-208.

. Wood PLR, Karski MT, Watmough P. Total ankle replacement: the results of 100

mobility total ankle replacements. J Bone Joint Surg Br 2010;92:958-62.

. Clough TM, Ring J. Total ankle arthroplasty: Seven-year survivorship of 118

consecutive Zenith ankle arthroplasties from a non-designer centre. Bone Joint
Lett J 2021;103:696-703.

. Jastifer JR, Coughlin MJ. Long-term follow-up of mobile bearing total ankle ar-

throplasty in the United States. Foot Ankle Int 2015;36:143-50.

. Bonnin M, Gaudot F, Laurent J-R, et al. The Salto total ankle arthroplasty: survivor-

ship and analysis of failures at 7 to 11 years. Clin Orthop Relat Res 2011;469:
225-36.

. Hsu AR, Haddad SL, Myerson MS. Evaluation and management of the painful to-

tal ankle arthroplasty. JAAOS-Journal of the American Academy of Orthopaedic
Surgeons 2015;23:272-82.

. Henry JK, Rider C, Cody E, et al. Evaluating and managing the painful total ankle

replacement. Foot Ankle Int 2021;42:1347-61.

Glazebrook MA, Arsenault K, Dunbar M. Evidence-based classification of compli-
cations in total ankle arthroplasty. Foot Ankle Int 2009;30:945-9.

Vulcano E, Myerson MS. The painful total ankle arthroplasty: a diagnostic and
treatment algorithm. Bone Joint Lett J 2017;99:5-11.

Cody EA, Lachman JR, Gausden EB, et al. Lower bone density on preoperative
computed tomography predicts periprosthetic fracture risk in total ankle arthro-
plasty. Foot Ankle Int 2019;40:1-8.

Manegold S, Haas NP, Tsitsilonis S, et al. Periprosthetic fractures in total ankle
replacement: classification system and treatment algorithm. JBJS 2013;95:
815-20.

Pelletier-Galarneau M, Martineau P, Gaudreault M, et al. Review of running in-
juries of the foot and ankle: clinical presentation and SPECT-CT imaging patterns.
Am J Nucl Med Mol Imaging 2015;5:305.

Valderrabano V, Hintermann B, Dick W. Scandinavian total ankle replacement: a
3.7-year average followup of 65 patients. Clin Orthop Relat Res 2004;424:47-56.
Haytmanek CT Jr, Gross C, Easley ME, et al. Radiographic outcomes of a mobile-
bearing total ankle replacement. Foot Ankle Int 2015;36:1038-44.

Brunner S, Barg A, Knupp M, et al. The Scandinavian total ankle replacement:
long-term, eleven to fifteen-year, survivorship analysis of the prosthesis in
seventy-two consecutive patients. JBJS 2013;95:711-8.

Hermus JP, Voesenek JA, van Gansewinkel EHE, et al. Complications following
total ankle arthroplasty: a systematic literature review and meta-analysis. Foot
Ankle Surg 2022;28(8):1183-93.

Schuberth JM, Wood DA, Christensen JC. Gutter impingement in total ankle ar-
throplasty. Foot Ankle Spec 2016;9:145-58.

Rippstein PF. Clinical experiences with three different designs of ankle prosthe-
ses. Foot Ankle Clin 2002;7:817-31.

Mason LW, Wyatt J, Butcher C, et al. Single-photon-emission computed tomogra-
phy in painful total ankle replacements. Foot Ankle Int 2015;36:635-40.
Myerson MS, Shariff R, Zonno AJ. The management of infection following total
ankle replacement: demographics and treatment. Foot Ankle Int 2014;35:855-62.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en septiembre 21, 2023. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

503


http://refhub.elsevier.com/S1083-7515(23)00059-1/sref2
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref2
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref3
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref3
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref3
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref4
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref4
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref5
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref5
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref5
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref6
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref6
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref7
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref7
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref7
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref8
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref8
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref8
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref9
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref9
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref10
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref10
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref11
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref11
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref12
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref12
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref12
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref13
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref13
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref13
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref14
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref14
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref14
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref15
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref15
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref16
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref16
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref17
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref17
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref17
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref18
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref18
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref18
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref19
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref19
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref20
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref20
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref21
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref21
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref22
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref22

504

Richter et al

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kessler B, Sendi P, Graber P, et al. Risk factors for periprosthetic ankle joint infec-
tion: a case-control study. JBJS 2012;94.:1871-6.

Love C, Marwin SE, Palestro CJ. Nuclear medicine and the infected joint replace-
ment. Semin Nucl Med 2009;39:66-78.

Cadden AR. Imaging in total ankle replacement. Semin Musculoskelet Radiol
2012;16:205-16.

Veerwal H, Meena A, Dhingra VK. Current status of bone single-photon emission
computed tomography combined with computed tomography in evaluation of
foot and ankle pain. Journal of Radiation Medicine in the Tropics 2022;3:1.
Hanna RS, Haddad SL, Lazarus ML. Evaluation of periprosthetic lucency after to-
tal ankle arthroplasty: helical CT versus conventional radiography. Foot Ankle Int
2007;28:921-6.

LiMarzi GM, Fursevich DM, Cole JD, et al. Imaging of ankle replacements. Semin
Musculoskelet Radiol 2015;19:67-76.

Yoo IR. Bone SPECT/CT of the foot and ankle: potential clinical application for
chronic foot pain. Nucl Med Mol Imaging 2020;54:1-8.

Lee AY, Ha AS, Petscavage JM, et al. Total ankle arthroplasty: a radiographic
outcome study. Am J Roentgenol 2013;200:1310-6.

Lai WC, Arshi A, Ghorbanifarajzadeh A, et al. Incidence and predictors of early
complications following primary and revision total ankle arthroplasty. Foot Ankle
Surg 2019;25:785-9.

Law TY, Sabeh KG, Rosas S, et al. Trends in total ankle arthroplasty and revisions
in the Medicare database, Ann Trans/ Med, 6 (7), 2018, 112. doi: 10.21037/
atm.2018.02.06.

Crisan G, Moldovean-Cioroianu NS, Timaru D-G, et al. Radiopharmaceuticals for
PET and SPECT Imaging: A literature review over the last decade. Int J Mol Sci
2022;23:5023.

Jodal L, Afzelius P, Alstrup AKO, et al. Radiotracers for bone marrow infection im-
aging. Molecules 2021;26:3159.

Tsubaki F, Kurata S, Nagata S, et al. Clinical spectrum and diagnostic pitfalls of
multiple abnormal uptakes on bone scintigraphy. Jpn J Radiol 2016;34:771-8.
Serino J, Kunze KN, Jacobsen SK, et al. Nuclear medicine for the orthopedic foot
and ankle surgeon. Foot Ankle Int 2020;41:612-23.

Brenner Al, Koshy J, Morey J, et al. The bone scan. Semin Nucl Med 2012;42:
11-26.

Vijayanathan S, Butt S, Gnanasegaran G, et al. Advantages and limitations of im-
aging the musculoskeletal system by conventional radiological, radionuclide, and
hybrid modalities. Semin Nucl Med 2009;39:357-68.

Israel O, Pellet O, Biassoni L, et al. Two decades of SPECT/CT-the coming of age
of a technology: an updated review of literature evidence. Eur J Nucl Med Mol
Imaging 2019;46:1990-2012.

Palestro CJ, Love C. Role of nuclear medicine for diagnosing infection of recently
implanted lower extremity arthroplasties. Semin Nucl Med 2017;47:630-8.
Hutton BF. The origins of SPECT and SPECT/CT. Eur J Nucl Med Mol Imaging
2014;41:3-16.

Scharf S. SPECT/CT imaging in general orthopedic practice. Semin Nucl Med
2009;39:293-307.

Hasegawa BH, Gingold EL, Reilly SM, et al. Description of a simultaneous
emission-transmission CT system. Medical Imaging IV: Image Formation 1990;
1231:50-60.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en septiembre 21, 2023. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1083-7515(23)00059-1/sref23
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref23
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref24
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref24
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref25
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref25
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref26
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref26
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref26
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref27
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref27
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref27
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref28
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref28
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref29
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref29
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref30
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref30
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref31
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref31
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref31
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref33
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref33
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref33
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref34
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref34
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref35
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref35
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref36
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref36
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref37
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref37
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref38
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref38
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref38
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref39
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref39
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref39
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref40
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref40
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref41
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref41
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref42
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref42
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref43
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref43
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref43

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

SPECT-CT of Total Ankle Arthroplasty

Mohan HK, Holker PF, Gnanasegaran G, et al. The applicability of SPECT-CT in
directing the management of bony foot and ankle pathology. Eur J Nucl Med
Mol Imaging 2007;34:5166.

Parthipun A, Moser J, Mok W, et al. 99mTc-HDP SPECT-CT aids localization of
joint injections in degenerative joint disease of the foot and ankle. Foot Ankle
Int 2015;36:928-35.

Pountos |, Charpail C, Tellisi N. Evaluation of the Diagnostic Value of SPECT/CT
in Defining Foot and Ankle Pathologies. Foot Ankle Orthop 2019;4.
2473011419S00062.

Palestro CJ. Nuclear medicine and the failed joint replacement: Past, present,
and future. World J Radiol 2014;6:446.

Hirschmann MT, Amsler F, Rasch H. Clinical value of SPECT/CT in the painful total
knee arthroplasty (TKA): a prospective study in a consecutive series of 100 TKA.
Eur J Nucl Med Mol Imaging 2015;42:1869-82.

Murer AM, Hirschmann MT, Amsler F, et al. Bone SPECT/CT has excellent sensi-
tivity and specificity for diagnosis of loosening and patellofemoral problems after
total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc 2020;28:1029-35.
Barnsley L, Barnsley L. Detection of aseptic loosening in total knee replacements:
a systematic review and meta-analysis. Skeletal Radiol 2019;48:1565-72.
Hirschmann MT, Iranpour F, Konala P, et al. A novel standardized algorithm for
evaluating patients with painful total knee arthroplasty using combined single
photon emission tomography and conventional computerized tomography.
Knee Surg Sports Traumatol Arthrosc 2010;18:939-44.

Mathis DT, Tschudi S, Amsler F, et al. Correlations of typical pain patterns with
SPECT/CT findings in unhappy patients after total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc 2022;30(9):3007-23.

Slevin O, Schmid FA, Schiapparelli F-F, et al. Coronal femoral TKA position signif-
icantly influences in vivo patellar loading in unresurfaced patellae after primary
total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc 2017;25:3605-10.
Suter B, Testa E, Stampfli P, et al. A novel standardized algorithm using SPECT/
CT evaluating unhappy patients after unicondylar knee arthroplasty—a combined
analysis of tracer uptake distribution and component position. BMC Med Imaging
2015;15:1-8.

van den Wyngaert T, Palli SR, Imhoff RJ, et al. Cost-effectiveness of bone SPECT/
CT in painful total knee arthroplasty. J Nucl Med 2018;59:1742-50.

Dobrindt O, Amthauer H, Krueger A, et al. Hybrid SPECT/CT for the assessment
of a painful hip after uncemented total hip arthroplasty. BMC Med Imaging 2015;
15:1-10.

Peng Z, Jia Y, Li J, et al. Diagnostic Performance of Single-Photon Emission
Computed Tomography/Computed Tomography in Aseptic Loosening: A System-
atic Review and Meta-Analysis. J Arthroplasty 2021;36:4003-12.

Bécker HC, Steurer-Dober |, Beck M, et al. Magnetic resonance imaging (MRI)
versus single photon emission computed tomography (SPECT/CT) in painful total
hip arthroplasty: a comparative multi-institutional analysis. Br J Radiol 2020;93:
20190738.

Schweizer T, Schiapparelli F-F, Rotigliano N, et al. Patterns of bone tracer uptake
on SPECT-CT in symptomatic and asymptomatic patients with primary total hip
arthroplasty. Eur J Nucl Med Mol Imaging 2018;45:283-91.

Arican P, Okudan Tekin B, Sefizade R, et al. The role of bone SPECT/CT in the
evaluation of painful joint prostheses. Nucl Med Commun 2015;36:931-40.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en septiembre 21, 2023. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

505


http://refhub.elsevier.com/S1083-7515(23)00059-1/sref44
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref44
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref44
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref45
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref45
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref45
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref46
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref46
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref46
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref47
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref47
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref48
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref48
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref48
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref49
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref49
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref49
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref50
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref50
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref51
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref51
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref51
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref51
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref52
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref52
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref52
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref53
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref53
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref53
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref54
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref54
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref54
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref54
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref55
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref55
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref56
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref56
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref56
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref57
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref57
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref57
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref58
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref58
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref58
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref58
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref59
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref59
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref59
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref60
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref60
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref60

506

Richter et al

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

van den Wyngaert T, Paycha F, Strobel K, et al. SPECT/CT in postoperative pain-
ful hip arthroplasty. Semin Nucl Med 2018;48:425-38.

Abele JT, Swami VG, Russell G, et al. The accuracy of single photon emis-
sion computed tomography/computed tomography arthrography in evaluating
aseptic loosening of hip and knee prostheses. J Arthroplasty 2015;30:
1647-51.

Ghanem MA, Dannoon S, Elgazzar AH. The added value of SPECT-CT in the
detection of heterotopic ossification on bone scintigraphy. Skeletal Radiol 2020;
49:291-8.

Vaz S, Ferreira TC, Salgado L, et al. Bone scan usefulness in patients with painful
hip or knee prosthesis: 10 situations that can cause pain, other than loosening
and infection. Eur J Orthop Surg Traumatol 2017;27:147-56.

Graute V, Feist M, Lehner S, et al. Detection of low-grade prosthetic joint infec-
tions using 99mTc-antigranulocyte SPECT/CT: initial clinical results. Eur J Nucl
Med Mol Imaging 2010;37:1751-9.

van der Bruggen W, Bleeker-Rovers CP, Boerman OC, et al. PET and SPECT in
osteomyelitis and prosthetic bone and joint infections: a systematic review. Semin
Nucl Med 2010;40:3-15.

Waldman LE, Scharf SC. Bone SPECT/CT of the spine, foot, and ankle: Evaluation
of surgical patients. Semin Nucl Med 2017;47:639-46.

McDonald M, Cooper R, Wang MY. Use of computed tomography-single-photon
emission computed tomography fusion for diagnosing painful facet arthropathy.
Neurosurg Focus 2007;22:1-4.

Kumar K, Halkar RK, Bartley SC, et al. Incremental benefit of SPECT+ CT bone
scans over conventional planar and SPECT bone scans in vertebroplasty. Indian
J Nucl Med 2011;26:181.

Hudyana H, Maes A, Vandenberghe T, et al. Accuracy of bone SPECT/CT for
identifying hardware loosening in patients who underwent lumbar fusion with
pedicle screws. Eur J Nucl Med Mol Imaging 2016;43:349-54.

Plaass C, Yao D, Ettinger S, et al. Einsatz des SPECT-CT in der FuB-und Sprung-
gelenkchirurgie. FuB & Sprunggelenk 2021;19:39-50.

Eelsing R, Hemke R, Schepers T. The added value of SPECT/CT in the painful foot
and ankle: A review of the literature. Foot Ankle Surg 2021;27:715-22.
Claassen L, Yao D, Ettinger S, et al. Relevance of SPECT-CT in complex cases
of foot and ankle surgery: a comparison with MRI. Foot Ankle Spec 2020;13:
451-62.

Pagenstert Gl, Barg A, Leumann AG, et al. SPECT-CT imaging in degenerative
joint disease of the foot and ankle. J Bone Joint Surg Br 2009;91:1191-6.
Claassen L, Uden T, Ettinger M, et al. Influence on therapeutic decision making of
SPECT-CT for different regions of the foot and ankle. BioMed Res Int 2014;2014.
Wiewiorski M, Pagenstert G, Rasch H, et al. Pain in osteochondral lesions. Foot
Ankle Spec 2011;4:92-9.

Meftah M, Katchis SD, Scharf SC, et al. SPECT/CT in the management of osteo-
chondral lesions of the talus. Foot Ankle Int 2011;32:233-8.

Lazaga F, van Asten SA v, Nichols A, et al. Hybrid imaging with 99mTc-WBC
SPECT/CT to monitor the effect of therapy in diabetic foot osteomyelitis. Int
Wound J 2016;13:1158-60.

Vouillarmet J, Moret M, Morelec |, et al. Application of white blood cell SPECT/CT
to predict remission after a 6 or 12 week course of antibiotic treatment for diabetic
foot osteomyelitis. Diabetologia 2017;60:2486-94.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en septiembre 21, 2023. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1083-7515(23)00059-1/sref61
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref61
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref62
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref62
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref62
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref62
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref63
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref63
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref63
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref64
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref64
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref64
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref65
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref65
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref65
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref66
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref66
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref66
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref67
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref67
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref68
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref68
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref68
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref69
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref69
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref69
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref70
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref70
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref70
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref71
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref71
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref72
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref72
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref73
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref73
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref73
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref74
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref74
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref75
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref75
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref76
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref76
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref77
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref77
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref78
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref78
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref78
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref79
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref79
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref79

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

SPECT-CT of Total Ankle Arthroplasty

Heiba Sl, Kolker D, Mocherla B, et al. The optimized evaluation of diabetic foot
infection by dual isotope SPECT/CT imaging protocol. J Foot Ankle Surg 2010;
49:529-36.

Nathan M, Mohan H, Vijayanathan S, et al. The role of 99mTc-diphosphonate
bone SPECT/CT in the ankle and foot. Nucl Med Commun 2012;33:799-807.
Chicklore S, Gnanasegaran G, Vijayanathan S, et al. Potential role of multislice
SPECT/CT in impingement syndrome and soft-tissue pathology of the ankle
and foot. Nucl Med Commun 2013;34:130-9.

Ha S, Hong SH, Paeng JC, et al. Comparison of SPECT/CT and MRI in diagnosing
symptomatic lesions in ankle and foot pain patients: diagnostic performance and
relation to lesion type. PLoS One 2015;10:e0117583.

Breunung N, Barwick T, Fernando R, et al. Additional benefit of SPECT-CT in
investigating heel pain. Clin Nucl Med 2008;33:705-6.

Claassen L, Ettinger S, Modrejewski C, et al. Das SPECT-CT in der FuB-und
Sprunggelenkschirurgie. FuB & Sprunggelenk 2015;13:103-12.

Mehta N, Serino J, Hur ES, et al. Pathogenesis, evaluation, and management of
osteolysis following total ankle arthroplasty. Foot Ankle Int 2021;42:230-42.
Rodriguez D, Bevernage BD, Maldague P, et al. Medium term follow-up of the
AES ankle prosthesis: high rate of asymptomatic osteolysis. Foot Ankle Surg
2010;16:54-60.

Kampen WU, Westphal F, van den Wyngaert T, et al. SPECT/CT in postoperative
foot and ankle pain. Semin Nucl Med 2018;48:454-68.

Mertens J, Lootens T, Vercruysse J, et al. Bone SPECT/CT in the Evaluation of
Painful Total Ankle Replacement: Validation of Localization Scheme and Prelimi-
nary Evaluation of Diagnostic Patterns. Clin Nucl Med 2021;46:361-8.

Gurbani A, Demetracopoulos C, O’'Malley M, et al. Correlation of single-photon
emission computed tomography results with clinical and intraoperative findings
in painful total ankle replacement. Foot Ankle Int 2020;41:639-46.

Utz JA, Lull RJ, Galvin EG. Asymptomatic total hip prosthesis: natural history
determined using Tc-99m MDP bone scans. Radiology 1986;161:509-12.
Oswald SG, van Nostrand D, Savory CG, et al. Three-phase bone scan and in-
dium white blood cell scintigraphy following porous coated hip arthroplasty: a
prospective study of the prosthetic tip. J Nucl Med 1989;30:1321-31.

Hofmann AA, Wyatt RW, Daniels AU, et al. Bone scans after total knee arthro-
plasty in asymptomatic patients. Cemented versus cementless. Clin Orthop Relat
Res 1990;183-8.

Thiele K, Fussi J, Perka C, et al. Berliner diagnostischer Algorithmus der
schmerzhaften Knie-TEP. Orthopa 2016;45:38-46.

Lam HY, Lui TH. Arthroscopic Decompression for Medial Ankle Impingement Af-
ter Total Ankle Arthroplasty. Arthrosc Tech 2021;10:e1383-8.

Gross CE, Adams SB, Easley M, et al. Surgical treatment of bony and soft-tissue
impingement in total ankle arthroplasty. Foot Ankle Spec 2017;10:37-42.

Parvizi J, Tan TL, Goswami K, et al. The 2018 Definition of Periprosthetic Hip and
Knee Infection: An Evidence-Based and Validated Criteria. J Arthroplasty 2018;
33:1309-14.e2.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en septiembre 21, 2023. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

507


http://refhub.elsevier.com/S1083-7515(23)00059-1/sref80
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref80
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref80
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref81
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref81
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref82
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref82
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref82
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref83
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref83
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref83
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref84
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref84
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref85
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref85
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref86
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref86
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref87
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref87
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref87
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref88
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref88
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref89
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref89
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref89
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref90
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref90
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref90
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref91
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref91
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref92
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref92
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref92
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref93
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref93
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref93
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref94
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref94
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref95
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref95
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref96
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref96
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref97
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref97
http://refhub.elsevier.com/S1083-7515(23)00059-1/sref97

	SPECT/CT of Total Ankle Arthroplasty
	Key points
	Complications following total ankle arthroplasty
	Causes of ankle pain after total ankle arthroplasty
	Imaging after total ankle arthroplasty
	Bone scintigraphy
	SPECT and SPECT/CT
	SPECT-CT in orthopedic indications
	Painful Total Hip and Knee Arthroplasty and Lower Back Pain

	SPECT/CT in foot and ankle
	SPECT/CT in painful total ankle arthroplasty
	SPECT/CT in aseptic loosening and cyst formation after total ankle arthroplasty
	SPECT/CT in gutter impingement after total ankle arthroplasty
	SPECT/CT in periprosthetic fractures after total ankle arthroplasty
	SPECT/CT in diagnosing osteoarthritis of adjacent joints after total ankle arthroplasty
	SPECT/CT in periprosthetic joint infection after total ankle arthroplasty
	Summary
	Clinics care points
	Disclosure
	References


