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Methodology & Hypothesis 

Results Discussion Statement of Purpose 
Our study has demonstrated that SPECT-CT imaging is useful 
in identifying pathology that can be difficult to visualize on 
plain radiographs. Although not specifically looked at in this 
study, comparisons revealed findings on SPECT-CT that were 
not found on plain film x-rays. This led to a more accurate 
diagnosis and allowed for better treatment of the patients. 
 
Total ankle replacement has been shown to be a beneficial 
treatment option for patients with painful end-stage ankle 
arthritis.1-4 As our understanding of the ankle joint has 
continued to grow, we have created new techniques and new 
devices that has increased the longevity of this 
treatment. This has increased it's use in the podiatric and 
orthopedic communities.1 As we increase the volume of 
procedures, we have also increased the volume of 
complications. While some of these complications can be 
obvious, many times the exact cause of pain following a total 
ankle replacement is unknown. 
 
Plain radiographs are a useful first step in helping diagnose a 
painful total ankle replacement joint. However, many times 
these images do not give an obvious answer. Studies have 
shown that plain radiographs have poor accuracy in 
measuring prosthetic migration and alignment of the 
prosthesis (Braito). SPECT-CT offers several advantages over 
traditional imaging studies. CT imaging allows for accurate 
views of the implant-bone interface that cannot be easily seen 
on plain radiographs and that would be obscured on MRI. 
Additionally, the overlying radionucleotide scan allows 
visualization of areas with increased bone metabolism. 

Total ankle arthroplasty (TAA) has become an effective 
treatment modality for severe arthropathies of the ankle joints.
1-4 Patients are able to regain function and mobility of a natural 
joint while also alleviating the patients symptoms of pain and 
reducing the rates of adjacent joint arthritis when compared to 
ankle fusion. However, these devices are not without fault and 
pain post operatively is difficult to discern. The purpose of this 
review is to quantify the utility of single photon emission 
computed tomography (SPECT) for patients experiencing pain 
following TAA after plain imaging did not demonstrate 
pathology associated with patient’s pain. 
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A retrospective review was performed on a single surgeons 
(J.C.) patients whom have undergone TAA and are 
experiencing postoperative pain at different time segments 
post operatively whom had a negative infectious workup 
including laboratory markers (ESR, CRP, CBC),  had also failed 
other conservative measures including physical therapy, 
bracing and NSAID use, and plain imaging that is non descript 
for distinct pathology leaving the diagnosis undetermined. 
The utilization of SPECT imaging was then further pursued in 
seventeen patients experiencing pain following TAA  and were 
included in this review.  

The average age of the patients was 62 years old. Ten females 
and seven males were included. Fourteen of the seventeen had 
mobile-bearing devices, three of the seventeen had semi-
constrained devices. Of the semi-constrained devices, one had 
a short-stem and two had a long-stem. 
 
All seventeen patients had some sort of ankle pathology 
identified on SPECT-CT. Fourteen of the seventeen had 
evidence of gutter impingement. Ten of the fourteen had lateral 
gutter impingement, four of the fourteen had medial gutter 
impingement, and three had medial and lateral gutter 
impingement. 
 
 

Table 2: Summary of patient specific findings 
Patient Age Sex Implant Type SPECT-CT Findings 

1 74 F Mobile-bearing Lateral gutter impingement 
2 68 F Mobile-bearing Talar component loosening 
3 64 M Semi-constrained, short-stem Tibial component loosening 
4 67 F Mobile-bearing Medial gutter impingement 
5 58 F Mobile-bearing Medial gutter impingement 
6 58 F Semi-constrained, long-stem Medial and lateral gutter impingement, Talar component loosening 
7 72 F Mobile-bearing Lateral gutter impingement 
8 73 F Mobile-bearing Lateral gutter impingement 
9 65 F Mobile-bearing Medial and lateral gutter impingement, Tibial component loosening 

10 66 M Mobile-bearing Lateral gutter impingement, Tibial component loosening 
11 54 F Mobile-bearing Lateral gutter impingement, Talar and tibial component loosening 
12 47 M Mobile-bearing Medial gutter impingement 
13 70 M Mobile-bearing Lateral gutter impingement, Talar component loosening 
14 57 M Semi-constrained, long-stem Medial and lateral gutter impingement, Talar and tibial component loosening 
15 53 M Mobile-bearing Lateral gutter impingement, Tibial component loosening 
16 53 F Mobile-bearing Talar component loosening 
17 58 M Mobile-bearing Medial gutter impingement 

Ten of the seventeen had evidence of aseptic component 
loosening. Six of the ten had talar component loosening, four 
of the ten had tibial component loosening, and two had both 
talar and tibial component loosening. Findings are summarized 
in tables 1 & 2.  

Table 1: Summary of results 

Implant Type Lateral gutter 
impingement 

Medial gutter 
impingement 

Talar 
component 
loosening 

Tibial 
component 
loosening 

Mobile-bearing 
devices 

8/14 5/14 4/14 4/14 

Semi-
constrained 

devices 

2/3 2/3 2/3 2/3 

Results 

Literature Review 
Pain following TAA can be difficult to assess based purely on 
plain film imaging, with the two most common sources of pain 
post operatively being gutter impingement and aseptic 
loosening and each having their own different modalities of 
treatment. Higher sensitivity and specificity imaging is needed 
to identify pathology and guide treatment.2,5-10 With utilization 
of SPECT which overlays helical CT images with that of a 
radionucleotide scan, areas of pain have been quantified and 
correlated with the imaging results demonstrating increased 
uptake at sites of pain in other areas of total joint replacement.
11-14 The utility of this has been found to be superior to that of 
MRI and surrounding bone marrow edema. 
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Figure 1: Sagittal and coronal images of a semi-constrained device with evidence of 
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Figure 2: Coronal images of mobile-bearing devices with evidence of lateral gutter 
impingement 
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Total ankle arthroplasty (TAA) for treatment of the painful, arthritic ankle has 
burgeoned in the 21st century as a viable treatment modality with promising 
outcomes. 1-8  TAA allows for the retention of motion at the ankle joint which 
spares the motion of adjacent joints; whereas with ankle fusion, the joints of 
the hind-, mid-, and forefoot are stressed with additional requirements for 
locomotion.  Unique post-operative complications can occur with TAA, given 
the divergent post-operative course of ankle replacement as compared with. 

Statement of Purpose & Literature Review 
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Materials & Methods 
A retrospective review of patient charts was performed in the clinic of senior 
author, J.C.C.  Five patients with persistent recurrent ankle pain following TAA 
were identified.  All patients in this study had end-stage ankle arthritis as 
determined by clinical assessment and a full series of ankle radiographs.  Ankle 
implantation was performed by the senior author (J.C.C.) in all cases.  Three 
replacements were performed using a mobile bearing system and two utilizing a 
long tibial-stemmed, two-component  implant device.   
 
During the post-operative course, all five patients developed persistent, recurrent 
ankle pain following TAA.  They were further evaluated clinically, and treated via a 
conservative regimen of bracing, anti-inflammatories, and physical therapy.  
When there was suspicion of infection, laboratory studies were ordered to help 
rule out an infectious process (CBC with differential, ESR, and CRP).  New x-rays 
were obtained, however, the specific area of pain generation remained unclear.   

The three patients with a mobile bearing implant all had signs of loosening about 
the components; on the tibia and talus in one patient, and talus alone in two 
patients.  Two of those three patients also had increased uptake in one or both of 
the ankle gutters.  In the two patients with the two-component system, both 
were found to demonstrate loosening in the talus and tibial components.  One 
patient had a four segment tibial stem, and the other had an 8 segment tibial 
stem.  The latter patient also demonstrated increased uptake within the lateral 
gutter of the ankle joint.  Findings are summarized in Table 1 below. 
 

hydroxymethane diphosphonate (99mTc-HDP).  Radiologists are able to overlay the 
bone scan images onto the high resolution CT slices.  A main benefit of this imaging 
is areas of increased bone metabolism appear “hot”, due to increased uptake of the 
technetium tracer, allowing one to localize areas of metabolic bone activity.  This 
paired with the ability to navigate through multiple planes of the CT scan allows one 
to pinpoint the area of pathology. A cold image supports implant stability, while 
conversely, a loose component will have excess uptake of the radiomarker.   
 
A recent study by Sadoghi et al. analyzed causes of revision surgery in THA, TKA, 
and TAA listed in national data registries of 5 countries.  They found aseptic 
loosening to be the main culprit of revision in all cases: 55.2%, 29.8%, and 38% 
respectively.  Conversely, “pain without other cause” was shown to be highest in 
the TAA group; nearly three times that of THA at 12%.12  It is possible that this 

Discussion 

Results 

Table 1. Summary of subject demographics and SPECT/CT findings 
Patient # Sex Age Implant System Pathology 

1 F 64 
Semi-constrained, long 

tibial-stemmed 

Gutter impingement (medial and 
lateral), Component loosening (tibia 

and talus) 

2 M 69 
Semi-constrained, long 

tibial-stemmed 
Component loosening (tibia and 

talus) 

3 F 51 Mobile bearing 
Gutter impingement (medial), 
Component loosening (talus) 

4 F 71 Mobile bearing 
Component loosening (tibia and 

talus) 

5 F 50 Mobile bearing 
Gutter impingement (medial and 

lateral), Component loosening 
(talus) 

ankle fusion. Two common post-
operative complications of TAA 
are aseptic loosening and gutter 
impingement, both presenting 
with pain and discomfort.2,9-14  

After an infectious process has 
been ruled out, definitive 
diagnosis is essential for guiding 
surgical correction or 
continuation of conservative care. 

Single Photon-Emission CT CT 
(SPECT/CT) is an imaging 
modality that uses a 
combination of helical CT 
images fused with 
radionuclide scan imaging.      
It pairs great anatomic detail 
with active physiologic 
processes within bone; 
allowing one to hone in on 
areas of concern.  Several 
studies have shown the 
usefulness of SPECT/CT in 
evaluation of post-operative   

complications with total knee and total hip replacements, with the ability to 
guide surgical decision making.15-22  Al Nabnahi et al. performed a retrospective 
analysis on 69 patients with knee pain following total arthroplasty, and found 
that obtaining SPECT/CT imaging caused a change in their diagnosis and 
subsequently treatment plan in 85.5% of subjects.23  Other studies have shown 
SPECT/CT to aid evaluation of a litany of foot and ankle-specific pathologies.24-

29  To our knowledge, no studies have described the usefulness of SPECT/CT 
with regard to recalcitrant pain following TAA. 
 
In our retrospective review, we describe the clinical presentations of five 
patients with recurrent ankle pain following TAA.  After infection is ruled out, 
clinical and roentgenographic evaluation leaves definitive diagnosis elusive.  
We propose that SPECT/CT is a useful tool in localizing and differentiating post-
operative ankle pain in the TAA patient, and thus effectively guiding treatment 

SPECT/CT was obtained to localize areas of concern.  
All SPECT/CT images were obtained in outside facilities utilizing technetium-99m 
labelled hydroxymethane diphosphonate (99mTc-HDP).  The tracer is injected into 
patients during the CT study, and all three phases of traditional bone scans are 
included: blood flow, blood pool, and delayed.   Radiologists are then able to 
overlay bone scan images onto high-resolution CT scans.  Reports were provided 
as to the final radiographical diagnosis.  Oftentimes, separate images of the bone 
scan only were included with the fused CT images. 

TAA has been shown by numerous studies to be a viable treatment option for 
painful ankle arthritis, and a growing number of foot and ankle surgeons are 
becoming familiar with this highly technical procedure. 1-8,30   From 2004 to 2009, 
a large U.S. insurance carrier demonstrated a 57% increase in TAA procedures.1   
Early and accurate diagnosis of complications specific to TAA is paramount in 
achieving durable postoperative results in this growing patient pool.  
 
Unlike their large-joint counterparts more proximal within the lower extremity, 
studies have demonstrated an increased rate of revision surgery for ankle 
implants as compared to total hip and total knee arthroplasty.11,12   Recurrent 
pain following TAA must include work up for septic infection, luxation or 
dislocation of the components, intrinsic implant failure, peri-prosthetic cystic 
changes or fracture, implant wear, heterotopic bone formation, and iatrogenic 
issues that may have occurred during implantation.  
 
Aseptic component loosening is not unique to ankle implants, it is the leading 
cause of revision in any total joint replacement surgery.31  Despite the integration 
of higher quality metals into implant designs, the lining of bone/metal interfaces 
with growth stimulating coatings, and improvements in surgical technique, the 
fusion of bone to prosthesis is a challenging biological process.  This disease 
occurs when, in the absence of infection, bone resorption is noted at the bone-
prosthesis interface; threatening this fragile bond.31  While the exact cause of this 
phenomenon has yet to be definitively determined, it is widely considered to be 
caused by a reactionary process from microscopic debris within the prosthetic 
joint.31   
 
Traditional radiographs will show advanced cystic changes and signs of osteolysis 
surrounding the components, but sometimes only in late stages of disease, and 
only on the most accurate of views.  Many implant designs hinder full 
visualization of the implant-bone interface, particularly within the talus.  MRI 
offers information on reactive changes present in bone, but scatter artifact 
caused by implanted metal components can obscure areas of interest.  
SPECT-CT uses a combination of helical CT images fused with radionuclide scan 
imaging.  The most common biomarker, technetium-99m labelled 

discrepancy is due to the inability of 
practitioners to hone in on pathological 
processes within the smaller anatomical space 
of the ankle joint, particularly with the lacking 
of traditional x-rays, and inability to fully 
visualize anatomy of interest as with MRI.  
SPECT/CT can help the practitioner overcome 
this obstacle, gather a diagnosis, and thus treat 
appropriately. 
 
Our study of five patients, while small in size, 
demonstrates the usefulness of this SPECT/CT 
technology in the field of post-operative 
evaluations of patients with TAA.  All five had 
pain following surgery, and a diagnosis that 
remained elusive, despite exhaustive workup.  
Even in the hands of a skilled clinician, these 
cases may have been described as pain of 
unknown origin.  The utilization of SPECT/CT 
allowed for diagnosis to be made, and 
subsequently guided treatment choice.   Larger 
studies are needed to demonstrate statistical 
significance of our findings as they relate to 
total ankle implantation. 
 

Image set Patient # 2: Top row demonstrates post-op films after development of recurrent ankle pain status 
post implantation with semi-constrained system.  Bottom row shows tracer uptake in areas of aseptic 
loosening around the tibial stem and tray, as well as talar component.    

Image set Patient # 5: Top images show “”hot” areas in the medial and lateral gutter of the 
ankle on the SPECT/CT images.  X-rays to the right were taken just before SPECT/CT scanning, 
and only mild heterotopic bone formation noted in areas of pathology. 

Image set Patient # 3: Set of six images seen is a SPECT/CT “overview slide”.  Notice areas of increased uptake, 
and hence pathology, are highlighted by the radiologist by arrows.  And correlated with plain CT images.  
Lower x-ray images taken just before CT scan when pain was occurring in the ankle joint. 

UTILIZATION OF SPECT/CT FOR DIFFERENTIATING UNRESOLVED PERI-PROSTHETIC ANKLE PAIN  
 
  

Jeffrey Christensen, DPM, FACFAS; Kristin Brown, DPM 

Total ankle arthroplasty (TAA) for treatment of the painful, arthritic ankle has 
burgeoned in the 21st century as a viable treatment modality with promising 
outcomes. 1-8  TAA allows for the retention of motion at the ankle joint which 
spares the motion of adjacent joints; whereas with ankle fusion, the joints of 
the hind-, mid-, and forefoot are stressed with additional requirements for 
locomotion.  Unique post-operative complications can occur with TAA, given 
the divergent post-operative course of ankle replacement as compared with. 
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Materials & Methods 
A retrospective review of patient charts was performed in the clinic of senior 
author, J.C.C.  Five patients with persistent recurrent ankle pain following TAA 
were identified.  All patients in this study had end-stage ankle arthritis as 
determined by clinical assessment and a full series of ankle radiographs.  Ankle 
implantation was performed by the senior author (J.C.C.) in all cases.  Three 
replacements were performed using a mobile bearing system and two utilizing a 
long tibial-stemmed, two-component  implant device.   
 
During the post-operative course, all five patients developed persistent, recurrent 
ankle pain following TAA.  They were further evaluated clinically, and treated via a 
conservative regimen of bracing, anti-inflammatories, and physical therapy.  
When there was suspicion of infection, laboratory studies were ordered to help 
rule out an infectious process (CBC with differential, ESR, and CRP).  New x-rays 
were obtained, however, the specific area of pain generation remained unclear.   

The three patients with a mobile bearing implant all had signs of loosening about 
the components; on the tibia and talus in one patient, and talus alone in two 
patients.  Two of those three patients also had increased uptake in one or both of 
the ankle gutters.  In the two patients with the two-component system, both 
were found to demonstrate loosening in the talus and tibial components.  One 
patient had a four segment tibial stem, and the other had an 8 segment tibial 
stem.  The latter patient also demonstrated increased uptake within the lateral 
gutter of the ankle joint.  Findings are summarized in Table 1 below. 
 

hydroxymethane diphosphonate (99mTc-HDP).  Radiologists are able to overlay the 
bone scan images onto the high resolution CT slices.  A main benefit of this imaging 
is areas of increased bone metabolism appear “hot”, due to increased uptake of the 
technetium tracer, allowing one to localize areas of metabolic bone activity.  This 
paired with the ability to navigate through multiple planes of the CT scan allows one 
to pinpoint the area of pathology. A cold image supports implant stability, while 
conversely, a loose component will have excess uptake of the radiomarker.   
 
A recent study by Sadoghi et al. analyzed causes of revision surgery in THA, TKA, 
and TAA listed in national data registries of 5 countries.  They found aseptic 
loosening to be the main culprit of revision in all cases: 55.2%, 29.8%, and 38% 
respectively.  Conversely, “pain without other cause” was shown to be highest in 
the TAA group; nearly three times that of THA at 12%.12  It is possible that this 

Discussion 

Results 

Table 1. Summary of subject demographics and SPECT/CT findings 
Patient # Sex Age Implant System Pathology 

1 F 64 
Semi-constrained, long 

tibial-stemmed 

Gutter impingement (medial and 
lateral), Component loosening (tibia 

and talus) 

2 M 69 
Semi-constrained, long 

tibial-stemmed 
Component loosening (tibia and 

talus) 

3 F 51 Mobile bearing 
Gutter impingement (medial), 
Component loosening (talus) 

4 F 71 Mobile bearing 
Component loosening (tibia and 

talus) 

5 F 50 Mobile bearing 
Gutter impingement (medial and 

lateral), Component loosening 
(talus) 

ankle fusion. Two common post-
operative complications of TAA 
are aseptic loosening and gutter 
impingement, both presenting 
with pain and discomfort.2,9-14  

After an infectious process has 
been ruled out, definitive 
diagnosis is essential for guiding 
surgical correction or 
continuation of conservative care. 

Single Photon-Emission CT CT 
(SPECT/CT) is an imaging 
modality that uses a 
combination of helical CT 
images fused with 
radionuclide scan imaging.      
It pairs great anatomic detail 
with active physiologic 
processes within bone; 
allowing one to hone in on 
areas of concern.  Several 
studies have shown the 
usefulness of SPECT/CT in 
evaluation of post-operative   

complications with total knee and total hip replacements, with the ability to 
guide surgical decision making.15-22  Al Nabnahi et al. performed a retrospective 
analysis on 69 patients with knee pain following total arthroplasty, and found 
that obtaining SPECT/CT imaging caused a change in their diagnosis and 
subsequently treatment plan in 85.5% of subjects.23  Other studies have shown 
SPECT/CT to aid evaluation of a litany of foot and ankle-specific pathologies.24-

29  To our knowledge, no studies have described the usefulness of SPECT/CT 
with regard to recalcitrant pain following TAA. 
 
In our retrospective review, we describe the clinical presentations of five 
patients with recurrent ankle pain following TAA.  After infection is ruled out, 
clinical and roentgenographic evaluation leaves definitive diagnosis elusive.  
We propose that SPECT/CT is a useful tool in localizing and differentiating post-
operative ankle pain in the TAA patient, and thus effectively guiding treatment 

SPECT/CT was obtained to localize areas of concern.  
All SPECT/CT images were obtained in outside facilities utilizing technetium-99m 
labelled hydroxymethane diphosphonate (99mTc-HDP).  The tracer is injected into 
patients during the CT study, and all three phases of traditional bone scans are 
included: blood flow, blood pool, and delayed.   Radiologists are then able to 
overlay bone scan images onto high-resolution CT scans.  Reports were provided 
as to the final radiographical diagnosis.  Oftentimes, separate images of the bone 
scan only were included with the fused CT images. 

TAA has been shown by numerous studies to be a viable treatment option for 
painful ankle arthritis, and a growing number of foot and ankle surgeons are 
becoming familiar with this highly technical procedure. 1-8,30   From 2004 to 2009, 
a large U.S. insurance carrier demonstrated a 57% increase in TAA procedures.1   
Early and accurate diagnosis of complications specific to TAA is paramount in 
achieving durable postoperative results in this growing patient pool.  
 
Unlike their large-joint counterparts more proximal within the lower extremity, 
studies have demonstrated an increased rate of revision surgery for ankle 
implants as compared to total hip and total knee arthroplasty.11,12   Recurrent 
pain following TAA must include work up for septic infection, luxation or 
dislocation of the components, intrinsic implant failure, peri-prosthetic cystic 
changes or fracture, implant wear, heterotopic bone formation, and iatrogenic 
issues that may have occurred during implantation.  
 
Aseptic component loosening is not unique to ankle implants, it is the leading 
cause of revision in any total joint replacement surgery.31  Despite the integration 
of higher quality metals into implant designs, the lining of bone/metal interfaces 
with growth stimulating coatings, and improvements in surgical technique, the 
fusion of bone to prosthesis is a challenging biological process.  This disease 
occurs when, in the absence of infection, bone resorption is noted at the bone-
prosthesis interface; threatening this fragile bond.31  While the exact cause of this 
phenomenon has yet to be definitively determined, it is widely considered to be 
caused by a reactionary process from microscopic debris within the prosthetic 
joint.31   
 
Traditional radiographs will show advanced cystic changes and signs of osteolysis 
surrounding the components, but sometimes only in late stages of disease, and 
only on the most accurate of views.  Many implant designs hinder full 
visualization of the implant-bone interface, particularly within the talus.  MRI 
offers information on reactive changes present in bone, but scatter artifact 
caused by implanted metal components can obscure areas of interest.  
SPECT-CT uses a combination of helical CT images fused with radionuclide scan 
imaging.  The most common biomarker, technetium-99m labelled 

discrepancy is due to the inability of 
practitioners to hone in on pathological 
processes within the smaller anatomical space 
of the ankle joint, particularly with the lacking 
of traditional x-rays, and inability to fully 
visualize anatomy of interest as with MRI.  
SPECT/CT can help the practitioner overcome 
this obstacle, gather a diagnosis, and thus treat 
appropriately. 
 
Our study of five patients, while small in size, 
demonstrates the usefulness of this SPECT/CT 
technology in the field of post-operative 
evaluations of patients with TAA.  All five had 
pain following surgery, and a diagnosis that 
remained elusive, despite exhaustive workup.  
Even in the hands of a skilled clinician, these 
cases may have been described as pain of 
unknown origin.  The utilization of SPECT/CT 
allowed for diagnosis to be made, and 
subsequently guided treatment choice.   Larger 
studies are needed to demonstrate statistical 
significance of our findings as they relate to 
total ankle implantation. 
 

Image set Patient # 2: Top row demonstrates post-op films after development of recurrent ankle pain status 
post implantation with semi-constrained system.  Bottom row shows tracer uptake in areas of aseptic 
loosening around the tibial stem and tray, as well as talar component.    

Image set Patient # 5: Top images show “”hot” areas in the medial and lateral gutter of the 
ankle on the SPECT/CT images.  X-rays to the right were taken just before SPECT/CT scanning, 
and only mild heterotopic bone formation noted in areas of pathology. 

Image set Patient # 3: Set of six images seen is a SPECT/CT “overview slide”.  Notice areas of increased uptake, 
and hence pathology, are highlighted by the radiologist by arrows.  And correlated with plain CT images.  
Lower x-ray images taken just before CT scan when pain was occurring in the ankle joint. 

Figure 3: Plain film radiographs of fig.2 (right)  


