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Introduction
The use of hybrid imaging consisting of single-photon emission computed tomography (SPECT) 
and X-ray transmission computed tomography (CT) scan is increasing globally. It has the 
advantage of providing functional and morphologic information for a given lesion. Radionuclide 
imaging has high sensitivity early in the disease before morphological changes become visible on 
other imaging modalities.1 The addition of CT provides morphological information with high 
spatial resolution. The combination of SPECT and CT has improved staging of disease as well as 
the prognostic and treatment monitoring potentials of the functional and metabolic information 
provided by conventional nuclear medicine examinations.2,3

Over the years, the use of SPECT-CT has been shown to accurately reclassify lesions previously 
classified as indeterminate on planar and SPECT imaging in both skeletal and non-skeletal nuclear 
medicine examinations with certainties of 88%–100%.4,5,6,7 However, the limitations in previous 
studies included the low resolution of the CT used which did not reveal the exact anatomical sites 
of abnormal radiotracer accumulation, and the prolonged CT acquisition time of 10–15 min by the 
dual slice CT scanners that resulted in increased patient motion and degradation of image quality.8 
These factors have implications on the observer’s confidence. Prolonged acquisition time and 
poor spatial resolution have been addressed by the recent introduction of multi-slice CT scanners 
in newer versions of the SPECT-CT systems.7,8 Therefore, the use of a faster higher resolution CT 
may improve observer’s confidence.

A new SPECT machine integrated with a helical 6-slice CT was installed in the Department of 
Nuclear Medicine at Groote Schuur Hospital in March 2012. The objectives of this study were to 
assess the initial experience with the use of SPECT-guided CT in the evaluation of lesions, the 

Objectives: To assess initial experience with the use of a new single-photon emission computed 
tomography-computed tomography (SPECT-CT) in the evaluation of lesions.

Methods: The folder number, radiopharmaceutical used and type of scan of patients examined 
with a new Siemens T6 SPECT-CT between 02 April 2016 and 31 December 2013 were retrieved. 
The number of 99mTc-MDP bone scans was sufficient for a detailed analysis. The scans were 
re-processed and reported by the observer before he was given any clinical information. Whole 
body planar, whole body planar plus SPECT and whole body planar plus SPECT-CT images 
were assessed successively in three separate sessions at least 2 weeks apart. At each session, 
the certainties of detection, localisation and categorisation of each lesion were recorded.

Results: A total of 539 lesions were seen on the whole body, SPECT and computed tomography 
(CT) images in 133 patients. The whole body images showed no lesions in 3 patients and 
378 lesions in 130 patients. SPECT detected 122 additional lesions in 79 patients. Thirty-nine 
(12.2%) lesions were seen only on CT in 32 (24.1%) patients. For the 261 lesions seen on the 
planar images in the SPECT field of view, lesion detection was definite in 233 (89.3%), 
localisation definite in 151 (57.9%) and categorisation definite in 123 (47.1%) lesions. On the 
SPECT, definite lesion detection, localisation and categorisation were recorded, respectively, 
for 259 (99.2%), 228 (87.4%) and 176 (67.4%) of the 261 lesions. Lesion detection, localisation 
and categorisation certainties were definite for 100%, 99.1% and 94.7% of the SPECT-CT 
lesions, respectively.

Conclusion: SPECT markedly improves lesion detection and localisation, and CT enhances 
lesion categorisation.
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impact of SPECT and addition of 6-slice CT in SPECT-CT on 
lesion categorisation, and the difference between the use of 
SPECT alone and fused SPECT-CT in lesion localisation and 
categorisation.

Methods
Approval for the study was obtained from the Research 
Ethics Committee of the Faculty of Health Sciences, University 
of Cape Town and Groote Schuur Hospital. All of the scans 
were done for clinical purposes and the initial reports issued 
used for patient management. Patients’ confidentiality was 
observed throughout the study by the use of a coding system.

The folder number, radiopharmaceutical used and type of 
scan of all patients examined on the new stand-alone Siemens 
T6 SPECT-CT (Siemens Medical Solutions SW, Erlangen) 
machine between 02 April 2012 and 31 December 2013 were 
retrieved from the electronic archives of the Nuclear Medicine 
Department. A filter was then applied to identify all bone 
scans for which SPECT-CT was performed. In patients who 
had multiple studies, only the first study was included.

Each patient had planar whole body and selected static 
images. SPECT and subsequently CT images of the region of 
clinical interest were recorded depending on the abnormalities 
seen on the initial images or the indication for the study as 
deemed fit by the supervising nuclear medicine registrar or 
consultant at the time of image acquisition.

Whole body images were acquired using a low-energy high-
resolution collimator with a matrix size of 256 × 256 and a scan 
speed of 14 cm/s. SPECT images were obtained using a 
128 × 128 matrix with 25 s per step acquiring 64 projections 
with 180° rotation for each gamma camera head. CT images 
were acquired using a low-dose protocol without intravenous 
contrast administration. The low-dose CT parameters used 
were: 2.5 mAs–30 mAs, 120 kV, slice thickness of 1.25 mm–5 mm 
and pitch of 1.2–1.5.

SPECT images were reconstructed using the Flash 3D 
ordered  subset expectation maximisation (OSEM) iterative 
reconstruction algorithm in four subsets and eight iterations, 
and smoothed with a spatial Gaussian filter 6.0 (FWHM). The 
CT images were reconstructed using high-resolution 
reconstruction algorithms (B08s kernel) while the images 
were viewed using the Siemens B80s kernel, for bone and 
B31s kernel for soft tissues.

For the purposes of this study, all examinations were re-
processed and reported on the Siemens (Syngo VE32B, 2008, 
Siemens Medical Solutions, SW, Erlangen) and Hermes (version 
V1.0, 2005, Hermes Medical Systems, Sweden) physicians’ 
workstations by a single observer who is a qualified radiologist 
and a nuclear medicine senior registrar. During the 
reconstruction and review of the images for this study, the 
observer was blinded to the history, clinical examination 
findings, laboratory and histology results as well as the 
previous reports issued. A four-point score (unknown, possible, 

probable or definite) was assigned for each lesion for the 
certainty of lesion detection, localisation and categorisation. 
Lesion ‘detection’ refers to visualisation of the lesion; 
‘localisation’ refers to its anatomical location, while 
categorisation refers to ascribing the lesion to a specific 
morphology, pathology or physiological process. The lesions 
were assessed successively in separate reading sessions on 
planar, planar plus SPECT and planar plus SPECT-CT images 
with at least two weeks in between the sessions. The information 
on patient demographics and indications for the study were 
made available for the observer.

Data analysis was performed on per lesion and per patient 
basis. Assessments were made on per lesion and per patient 
bases for lesion detection, localisation, and categorisation. 
Analysis of levels of certainty for lesion detection, localisation 
and categorisation was made for planar, planar plus SPECT 
and planar plus SPECT-CT.

Results
Within the period under review, from 02 April 2012 to 
31  December 2013, 241 SPECT-CT scans were done. After 
exclusion of 50 follow-up scans, four technically poor-quality 
studies and two with an incomplete data set, 185 studies 
were left for analysis.

The 133 patients referred for 99mTc-MDP bone scintigraphy 
comprised 92 (69.2%) females and 41 (30.8%) males with a 
mean age of 53.3 ± 15.7 years. The majority of the patients 
were referred for metastatic survey (42.9%), or because of 
musculoskeletal pain (29.3%) or suspected infection and/or 
inflammation (16.5%).

Lesion detection: A total of 539 lesions were seen on the whole 
body, SPECT and CT images (Table 1). There were three 
patients in whom no lesions were seen on the whole body 
images. SPECT and SPECT-CT were done because of clinical 
information: one patient was a 49-year-old female with breast 
carcinoma who complained of back pain; the second patient 
was a 28-year-old female with three month history of wrist 
pain, while the third patient was a 39-year-old female with 
history of injury to the right knee, four weeks prior to 
presentation. In the remaining 130 patients, 378 lesions were 
detected on the whole body images, 261 (69.0%) lesions within 

TABLE 1: Lesions detected on 99mTc-MDP bone scan.
Tc-MDP bone scan Lesions§ Patients§ %

WB images 378 130§ 97.7
Outside SPECT FOV 117 64 48.1
In SPECT FOV 261 128 96.2
In CT FOV 197 115 86.5
SPECT images 383 133 100
In CT FOV 279 124 93.2
SPECT-CT images 318 133 100
Both SPECT & CT 171 73 54.9
SPECT only 108 60 45.1
CT only 39 32 24.1

SPECT, single-photon emission computed tomography; CT, computed tomography; FOV, field 
of view; WB, whole body.
†, n = 539; ‡, n = 133; §, No lesions were seen on the whole body images in three patients.
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the field of view (FOV) of the SPECT images. Of the total 
number of lesions detected on SPECT, 122 (31.9%) were not 
seen on the whole body images. These additional lesions were 
detected in 79 patients. SPECT-CT detected 318 lesions, 39 
(12.2%) of which were seen only on CT in 32 (24.1%) patients.

Lesion detection, localisation and categorisation certainty: 
For the 261 lesions seen on the planar images in the SPECT 
FOV, lesion detection was definite in 233 (89.3%), localisation 
was definite in 151 (57.9%) and categorisation was definite in 
123 (47.1%) lesions (Tables 2, 3 and 4). On the SPECT, definite 
lesion detection, localisation and categorisation were 
recorded for 259 (99.2%), 228 (87.4%) and 176 (67.4%) of the 
261 lesions, respectively.

On SPECT, out of the 383 lesions detected the certainty of 
lesion detection, localisation and categorisation were definite 
for 381 (99.5%), 328 (85.6%) and 267 (69.7%) lesions, 
respectively. For the 279 SPECT lesions seen in the CT FOV the 
lesion detection, localisation and categorisation was definite 
in 279 (100%), 276 (98.9%) and 262 (93.9%) lesions, respectively.

Lesion detection certainty was definite for all the 318 (100%) 
SPECT-CT lesions, while lesion localisation and categorisation 
certainties were definite in 99.1% and 94.7% of the lesions, 
respectively.

Of the 42 lesions categorised as indeterminate on planar, 
20/42 (47.6%) and 35/42 (83.3%) were re-categorised 
following the addition of SPECT and SPECT-CT, respectively.

Discussion
This study reports the initial experience with new multi-slice 
SPECT-CT scanner as well as the impact of the addition of 
SPECT with and without a low-dose CT in the evaluation of 
lesions in patients referred for 99mTc-MDP bone scintigraphy.

SPECT not only improved the ability of radionuclide imaging 
to detect lesions by revealing more lesions, it also increased 
observer’s confidence regarding lesion localisation. This is in 
agreement with earlier reports that showed SPECT is more 
sensitive than planar in detecting and localising lesions, 
particularly vertebral lesions with a 20%–50% increase in 
lesion detection.1,9,10,11,12 The addition of SPECT has been shown 
to increase the accuracy of lesion categorisation by improving 
localisation, especially in complex skeletal structures such as 
spine, skull and pelvis.1,11,12,13 In this study, the addition of 
SPECT has markedly improved the observer’s confidence 
with regard to lesion detection, localisation and categorisation 
by increasing certainty when compared with planar imaging.

The addition of CT detected more lesions in a quarter of the 
patients while SPECT-CT markedly increased the interpreter’s 
confidence with respect to lesion localisation and categorisation 
in comparison with SPECT and planar images (Figures 1 and 2). 
This agrees with the reports from other studies.2,4,5,6,7,14,15 In 
addition, some of these studies reported marked reduction of 
indeterminate lesions from a rate of between 48% and 72% 
using whole body planar scintigraphy with or without SPECT, 
to a rate between 0% and 15%.4,5,6 The current study showed a 
reduction in the indeterminate lesion rate among patients 
referred for 99mTc-MDP bone scintigraphy from 21.3% on planar 

TABLE 2: Lesion detection certainty. 
Variables Possible Probable Definite Total

n % n % n % n %

WB images 2 0.6 30 7.9 346 91.5 378 100
Planar SPECT FOV 0 0 28 10.7 233 89.3 261 100

SPECT images 0 0 2 0.5 381 99.5 383 100
SPECT in CT FOV 0 0 0 0 279 100 279 100
SPECT-CT images 0 0 0 0 301 94.7 318 100

SPECT, single-photon emission computed tomography; CT, computed tomography; FOV, field of view; WB, whole body.

TABLE 3: Lesion localisation certainty.
Variables Possible Probable Definite Total

n % n % n % n %

WB images 0 0 138 36.5 240 63.5 378 100
Planar SPECT FOV 0 0 110 42.1 151 57.9 261 100
SPECT images 0 0 55 14.4 328 85.6 383 100
SPECT in CT FOV 0 0 3 1.1 276 98.9 279 100
SPECT-CT images 0 0 3 0.9 315 99.1 318 100

SPECT, single-photon emission computed tomography; CT, computed tomography; FOV, field of view; WB, whole body.

TABLE 4: Lesion categorisation certainty.
Variables Possible Probable Definite Total

n % n % n % n %

WB images 2 0.6 172 45.5 204 53.9 378 100
Planar SPECTFOV 2 0.8 136 52.1 123 47.1 261 100
SPECT images 0 0 116 30.3 267 69.7 383 100
SPECT in CTFOV 0 0 17 6.1 262 93.9 279 100
SPECT-CT images 0 0 17 5.3 301 94.7 318 100

SPECT, single-photon emission computed tomography; CT, computed tomography; FOV, field of view; WB, whole body.
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alone to 11.2% and 3.6% following the addition of SPECT and 
SPECT-CT, respectively. While the proportion of SPECT-CT 
indeterminate lesions in this study is similar to that found in the 
study reported by Palmedo et al.,15 the lower rate found on the 
planar images in the current study may be due to the criteria 
used when referring patients for scintigraphy.

The CT component of the hybrid imaging SPECT-CT systems 
can assist in the diagnosis of benign skeletal findings, such as 
osteophytes or degenerative changes, or haemangiomas 
causing abnormal tracer uptake in patients referred for 
metastatic survey. However, it is important to note that foci 
of increased tracer uptake on bone scintigraphy due to 
metastatic bone lesions may not show any morphologic 
abnormality on CT. Likewise, lytic bone lesions with 
increased tracer uptake on bone scintigraphy may only be 
visualised on CT after they have destroyed 50–75% of the 
trabecular bone.1,3,4,11 Therefore, under these circumstances 
the lack of anatomical abnormalities despite abnormal tracer 
uptake suggests medullary disease, and hence SPECT-CT 
improves specificity. Improved lesion categorisation on 
SPECT-CT makes a difference with regard to patient 
management decisions especially in patients referred for 

skeletal survey for metastases or musculoskeletal pain in 
patients with known malignancy.4,5,6,7,11,15

Some of the limitations of this study include the retrospective 
nature of the study as well as the lack of independent 
standards such as histological correlation, or clinical or 
imaging follow-up.

FIGURE 1: Sagittal low-dose CT (a) and fused sagittal SPECT-CT (b) images 
showing moderate to intense 99mTc-MDP uptake localised to an oblique lucency 
traversing the right pars interarticularis of L5, in keeping with a fracture in a 
young athlete.

a

b

FIGURE 2: A 79-year-old male known with carcinoma of the prostate and a prostate 
specific antigen (PSA) doubling time of less than 6 months: Sagittal (a) and Coronal 
(b) fused SPECT-CT images showing an area of intense 99mTc-MDP uptake adjacent 
to an expansile lytic lesion localised to the spinous process and lamina of T6.

a

b
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Conclusion
In conclusion, this study is consistent with prior research that 
found SPECT improved lesion detection and observer’s 
confidence regarding lesion localisation and that SPECT-CT 
has a marked impact on lesion categorisation as well as 
improved observer’s confidence. Our study thus adds to the 
existing body of literature on the incremental value of SPECT-
CT in skeletal pathology. Better lesion categorisation has 
important implications on patient management decision 
especially among cancer patients referred for bone scintigraphy 
for suspected skeletal metastases or musculoskeletal pain.
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