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Aim: This study aims to investigate the value of single photon emission computed tomography-

computed tomography (SPECT-CT) imaging as part of bone scans for evaluation of a variety 

of pathologies of the lower extremities.

Methods: The study included patients who had undergone SPECT-CT imaging as part of a 

bone scan between February, 2008 and May, 2009. Patients who had multiple bony metastases 

were excluded. Two expert readers, informed only of the site of pain, independently interpreted 

planar images, planar plus SPECT images, and Planar plus SPECT-CT images. The interpreta-

tions were graded as: Not certain of etiology (NS), Somewhat certain (SC), and Certain (C). 

Changes or additions to diagnosis and/or location of pathology were graded as (D).

Results: A total of 35 consecutive patients were included, 19 females and 16 males, with an 

average age of 44 years. There was agreement between the two readers on the site of pathology 

in 32 out of 35 patients. The degree of certainty for both readers increased significantly with 

the addition of SPECT-CT. The certainty of diagnosis increased from 26%, using planar images 

alone, to 44%, with the addition of SPECT, to 74%, with the addition of SPECT-CT, for Reader 

1, and from 40%, to 54%, to 69%, respectively, for Reader 2. SPECT alone added six (17%) 

new sites of pathology to those identified from planar images, changed the diagnosis for one 

patient, and added a diagnosis for one other (6%). SPECT-CT changed the diagnosis for three 

patients, and added another diagnosis for one more patient (11%).

Conclusion: SPECT-CT increased the certainty of location and diagnosis of bony pathology 

in the lower extremity by at least 30% across a wide variety of abnormalities.
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Introduction
Bone scans are well-established as a sensitive imaging method for identification of bony 

abnormalities in different pathologies and in different areas of the skeleton.1 Insults to 

bone, infection, or malignant lesions of bone are usually visualized early in the course of 

the pathologic process. This allows early detection of fractures, osteomyelitis, or malig-

nant lesions in bones.2–5 On the other hand, the specificity of bone scans in identifying 

the underlying etiology of bony abnormalities is usually lower than their  sensitivity.6 

Correlation of bone scanning with other radiological exams may be required to increase 

the specificity and accuracy of identification of the etiology of bony lesions.7–10  Similarly, 

other radiologic imaging modalities are usually needed, in conjunction with bone scan-

ning, for evaluation of response to treatment in bony metastases.11–13

The value of single photon emission computed tomography-computed tomogra-

phy (SPECT-CT) for evaluating bone lesions on bone scans has been investigated in 

different regions of the body and for different indications.14–18 SPECT-CT  imaging 
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has proved helpful in providing more specific diagnosis 

of certain bony lesions, as well as superior localization of 

lesions. However, it has not been investigated with a variety 

of abnormalities that are routinely found at imaging centers. 

The lower extremities are sites of different complaints and 

abnormalities, with a variety of etiologies. Adding specificity 

and certainty regarding the underlying etiology for any bony 

lesion in the lower extremities is highly desirable, and would 

eliminate additional radiological exams or tests, potentially 

lowering the cost of imaging.

The purpose of this study was to evaluate the usefulness 

of SPECT-CT in identifying bony abnormalities in the lower 

extremity and to investigate its impact on the performance 

and accuracy of bone scans.

Materials and method
The study included consecutive patients, referred to our nuclear 

medicine outpatients imaging facility for evaluation of lower 

extremity abnormalities or complaints, who underwent either 

delayed or three-phase bone scan with SPECT-CT imaging. 

These bone scans were performed between February 2008 

and May 2009. All complaints or indications for the bone scan 

were included. Patients with evidence of widespread bony 

metastases in other sites of the bony skeleton were excluded. 

Bone scans were acquired using a Biograph camera equipped 

with simultaneous SPECT and 4-slice CT  acquisition. The 

whole-body scan was acquired using both dual heads with a 

low energy, high resolution collimator (10% window around 

the Tc-99 m peak, 10 cm per minute speed, and 240 seconds 

exposure per pixel). The SPECT images were acquired using 

360 degrees of arc, 120 frames, 24 seconds per frame, in a 

128 × 128 matrix. The CT acquisition was performed using 

helical rotation (pitch: 1.9, interval: 4.42 mm, slices: 90, 

 voltage: 140 kV, current: 2.5 mA, total exposure: 251 seconds) 

and was reconstructed using a 512 × 512 matrix, 1.1 mm 

pixel size, and extended field of view.

Image interpretation
Bone scan images were interpreted independently by two 

experienced nuclear medicine physicians, with knowledge 

only of the reason for the bone scan. The reading physicians 

were blinded to other clinical information and the findings 

of other imaging modalities. Each interpreting physician first 

evaluated the planar images, and provided a possible etiology 

or diagnosis. Subsequently, they evaluated images with the 

addition of SPECT, and then with the addition of SPECT-CT. 

The interpretations were graded as: Not certain of etiology 

(NS), Somewhat certain (SC), or Certain (C), when planar 

images were interpreted alone, with the addition of SPECT, 

and with the addition of SPECT-CT. After the addition of 

SPECT or SPECT-CT, any change to or addition of diagnosis 

and/or location of lesion that had been based on the initial 

planar image interpretation was noted. Agreement between 

the interpretations and diagnoses provided by the two readers 

was compared. Correlation with available additional radio-

logical exams was performed to confirm diagnoses provided 

from bone scan interpretations.

Statistical analysis
Descriptive statistics were used to evaluate the findings 

and results. Inter-reader agreement upon diagnosis was 

tested using Fleiss’ generalized Kappa test; a Kappa value 

of 1.0 indicates perfect agreement between readers, while a 

Kappa value of 0.0 indicates no agreement.

Results
A total of 35 consecutive patients met the criteria for inclusion 

in this study: 19 females and 16 males, with an average age of 

44 years (range: 10–99 years). The most common indications 

for performing these studies were pain in lower back or pelvis 

(13 patients), the knees (9 patients), the lower legs (6 patients), 

and the feet in (7 patients). The two readers made diagnoses for 

the etiology of the complaint, based on the findings seen on the 

bone scan, as outlined in Table 1. There was agreement between 

the two readers on the site of pathology in 32 out of 35 patients. 

There was also good inter-reader agreement about the etiology 

of the abnormalities or lesions, with a Kappa value of 0.88. The 

degree of certainty for both readers increased significantly with 

the addition of SPECT-CT, as shown in Table 2. The certainty 

of diagnosis increased 26% for reader 1, from using planar 

images alone, to 44%, with the addition of SPECT, to 74%, 

with the addition of SPECT-CT, and from 40%, to 54%, to 69%, 

respectively, for reader 2 (Figure 1). SPECT alone added six 

(17%) new sites of pathology to those identified through planar 

images, changed the diagnosis for one patient from shin splint 

to stress fracture (Figure 2), and added a diagnosis of tendinitis 

for one (6%) other patient. SPECT-CT changed the diagnosis 

for three patients, and added a new diagnosis (11%) for one 

patient. The diagnoses changed were post-surgical uptake 

around screws or pins, instead of arthritis, in two patients, and 

enchondroma (Figure 3), instead of a metastasis, in one patient. 

SPECT-CT also added a diagnosis of compression fracture 

for a fourth patient. Only two patients interpreted by reader 1 

and one patient interpreted by reader 2 had an NC diagnosis, 

even after the addition of SPECT-CT. One of these patients 

had a follow-up CT scan that proved degenerative arthritis 
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Figure 1 Increase in degree of diagnostic certainty with the addition of SPECT and 
SPECT-CT imaging.
Abbreviations: SPECT, single photon emission computed tomography; SPECT-CT, 
single photon emission computed tomography-computed tomography.

Table 1 Diagnoses of lower extremity abnormalities, as identified 
from bone scan with SPECT-CT, for each reader

No of patients Diagnosis

Reader 1
7 Stress fractures
2 Compression fracture
8 Degenerative arthritis
3 Metastasis
1 Spur
1 Heterotophic ossification
2 Shin splints
1 Avascular necrosis
3 Inflammation around hardware
1 Enchondroma
1 Uncertain
4 Normal
1 Nonunion of a fracture
Reader 2
5 Stress fractures
2 Compression fracture
9 Degenerative arthritis
3 Metastasis
1 Spur
1 Heterotophic ossification
2 Shin splints
1 Avascular necrosis
3 Inflammation around hardware
2 Neoplasm
1 Osteomyelitis
5 Normal
0 Nonunion of a fracture

Abbreviation: SPECT-CT, single photon emission computed tomography-computed 
tomography.

Table 2 Number of patients in different diagnostic certainty 
categories using planar, planar with SPECT, and planar with 
SPECT-CT imaging

Planar  
images

Planar +  
SPECT

Planar +  
SPECT-CT

Reader1
NC 11 5 2
SC 15 14 7
C 9 16 26
Reader 2
NC 4 2 1
SC 17 14 10
C 14 19 24

Abbreviations: NC, not certain of diagnosis; SC, somewhat certain of diagnosis; 
C, certain of diagnosis.

other imaging modalities. The remaining five patients were 

 diagnosed with stress fractures, which are usually  better 

detected using bone scan than with any other imaging 

 modality. The patients responded to routine management of 

stress fractures, with relief of symptoms.

Discussion
The lower extremities are the site of many complaints and 

symptoms that are unexplained by conventional X-ray 

 imaging. Magnetic resonance imaging (MRI)  occasionally 

shows abnormalities that do not explain a patient’s  symptoms, 

or shows no abnormality at all. Bone scans are a sensitive 

imaging modality that can identify abnormalities at an 

early stage. Our results demonstrate the additional value of 

SPECT-CT imaging over planar bone scan with SPECT alone. 

The additional value of fused SPECT-CT images was dem-

onstrated in the increased certainty of the reading physicians’ 

diagnoses. There was an increase in certainty of diagnosis 

between planar and planar with SPECT-CT of approximately 

48% for reader 1. The increase in certainty of diagnosis for 

reader 2 was 29%. There was also a high degree of agree-

ment between the two readers’ findings. Our results confirm 

those of other studies that have evaluated the usefulness of 

SPECT-CT for certain disease processes.

Utsunomiya et al, who evaluated the performance of 

fused SPECT-CT versus planar bone scan and side-by-side 

planar bone and CT scan, demonstrated that the highest 

area under the curve for receiver operating characteristics 

was from the fused SPECT-CT images, when evaluating 

42 metastatic bony lesions and 40 benign lesions.19 Gayed 

et al evaluated the usefulness of SPECT-CT in characteriza-

tion of solitary skull lesions as benign or malignant, and 

around the acetabulum, and no metastasis. The second patient, 

who had a lesion that was graded NC by reader 1, underwent 

biopsy that proved benign sclerosis and no metastasis.

Additional correlative radiologic imaging was available 

for 23 of the patients and one patient had a biopsy. Confirma-

tion of the diagnosis made from bone scan with SPECT-CT 

was achieved in 18 out of 23 patients, when correlated with 
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Figure 2 (Continued)
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Figure 2 (A) blood flow, (B) blood pool, and (C) delayed images of a three-phase bone scan in a patient with left lower leg pain, demonstrating a lesion with increased tracer 
uptake in the left distal fibula. (D and E) SPECT-CT images confirm the presence of a fracture at this site, indicated by arrows.
Abbreviation: SPECT-CT, single photon emission computed tomography-computed tomography.

reported the  sensitivity, specificity, positive, and negative 

predictive values of SPECT-CT images in identifying meta-

static lesions at 100%, 92%, 75%, and 100%, respectively.20 

An investigation by Filippi and Schillaci21 proved SPECT-CT 

to be useful in differentiating between soft tissue and 

prosthetic implant infections in 13 patients with surgically 

proven infection.

Römer et al evaluated the performance of SPECT-CT 

imaging for 52 lesions that were considered indeterminate 

on SPECT images alone. SPECT-CT correctly categorized 

63% of these indeterminate lesions as benign, 29% as 

metastatic, and 8% indeterminate.22 Most of the lesions 

that remained indeterminate were in flat bones, such as the 

ribs and  scapulae. In contrast, Strobel et al reported the 

sensitivity and specificity of SPECT-CT to be 100% and 

100%, respectively, when evaluating the etiology of axial 

bony lesions.23

The performance of side-by-side versus simultane-

ous SPECT-CT imaging is an area of debate. Horger et al 

found that the interpretation of separate SPECT and CT/ 

X-Ray/MRI in identifying osteomyelitis is most sensitive 

(100%), compared to fused SPECT-CT (78%).24 On the 

other hand, Utsunomiya et al have shown that analysis of 

simultaneously fused SPECT-CT images was significantly 

superior to side-by-side viewing of two sets of images 

(SPECT and CT).19 In all senarios, the convenience of 
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Figure 3 (Continued)
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Figure 3 (A) blood flow, (B) blood pool, and (C) delayed whole-body images of a three-phase bone scan, with (D and E) SPECT-CT images, demonstrating a lesion confined 
to the medulla of the right distal femur, indicated by arrows.
Notes: The images suggested a lesion and excluded malignant etiology. This was confirmed on follow-up exam.
Abbreviation: SPECT-CT, single photon emission computed tomography-computed tomography.

reaching a diagnosis from one procedure, with significant 

time and cost reduction, is a clear advantage of simultane-

ous SPECT-CT imaging.25

Our study also showed that SPECT alone added six 

(17%) new sites of pathology to those identified through 

planar imaging alone, changed the diagnosis in one patient, 

and added a diagnosis (6%) in another. This is attributed to 

the established superior contrast and localization capabilities 

of SPECT over planar imaging. Additionally, SPECT-CT 

changed the diagnosis in three patients and added another 

diagnosis (11%) in one patient.

These revisions of diagnoses are due mainly to 

 SPECT-CT’s superior spatial resolution and localization for 

adjacent lesions. This has previously been demonstrated in 

the ability of SPECT-CT to identify more lymph nodes, and to 

separate adjacent sentinel lymph nodes, when used for  sentinel 

lymph node mapping with lymphoscintigraphy.26–28

A limitation of our study is the lack of confirmation of 

the etiology of lesions in all patients, due to the retrospective 

nature of the study. However, the high degree of agreement 

between the two readers upon the location and etiology of the 

abnormalities is supportive of accurate interpretation of the 

bone scans.

Conclusion
SPECT-CT increased the certainty of location and diagnosis 

of bony pathology in the lower extremity by at least 30%. 

It can find additional lesions, not seen on planar images, 

which can change the diagnosis or add additional diagnoses 

for different lesions.
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