
xSPECT: A Clinical Overview
Partha Ghosh, MD

White Paper



 

Table of Contents

Clinical Possibilities with xSPECT Bone 1 

 Hybrid Imaging in Skeletal Scintigraphy 1 

 Case examples with xSPECT Bone 2 

Clinical Possibilities with xSPECT Quant 13 

 Skeletal Applications 13 

 Potential for Extraskeletal Applications 18 

Conclusion 19 

References 20

Symbia Intevo™, xSPECT Bone and xSPECT Quant are not commercially available in all countries. Due to regulatory reasons,  

their future availability cannot be guaranteed. Please contact your local Siemens organization for further details. 



1

Clinical Possibilities with  
xSPECT Bone 
Hybrid Imaging in Skeletal Scintigraphy
The integration of diagnostic multi-slice CT with SPECT has been 
one of the key drivers in nuclear medicine. The ease of CT-based 
attenuation correction, lesion localization based on accurate fusion 
of diagnostic CT and SPECT datasets, as well as characterization of 
lesions based on CT information in combination with SPECT-based 
functional assessment, has ushered in a new level of accuracy 
and scope of SPECT imaging. The revolutionary xSPECT modality 
aims to further enhance the clinical impact of this integration  
by incorporating CT-based tissue segmentation into SPECT 
reconstruction to create a new level of image quality in skeletal 
imaging as well as quantitative SPECT imaging for 99mTc labeled 
radiopharmaceuticals. 

Skeletal scintigraphy has been a mainstay of nuclear medicine 
for decades. It is the key modality for the detection and charac-
terization of skeletal metastases as well as the characterization of 
numerous non-malignant lesions of the bone, including fractures, 
infections, avascular necrosis, degenerative and osteoarthritic 
bone and joint lesions, etc. xSPECT Bone significantly improves the 
image quality of SPECT/CT for bone, which may profoundly impact 
skeletal scintigraphy and empower physicians to “see the unseen.”

Figure 2: Data courtesy of Johns 

Hopkins University, Baltimore,  

Maryland, USA

Figure 1: Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA
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Using CT-based segmentation in the reconstruction, xSPECT Bone 
achieves a sharper definition of bony margins and lesion bound-
aries. The resulting reconstructed SPECT images (xSPECT Bone) 
appear to truly reflect the distribution of metabolically active bone 
within the skeletal system with sharper differentiation between 
cortical and spongy bone in the vertebrae, as well as in flat bones 
like the pelvis, scapula and skull. This also provides fine detail 
which helps differentiate between the cortex and marrow cavity in 
long bones and improved separation of bone from joint spaces—
both for large joints such as the knee and shoulder and for small 
bones such as carpals and tarsal bones. 

The following pages review clinical examples to illustrate the new 
image quality levels in bone scintigraphy made possible by xSPECT 
Bone to support physicians’ ability to characterize disease and 
minimize the need for costly follow-up exams (e.g. MR, biopsies).

Clinical Case Examples of xSPECT Bone 
A comparison of lumbar vertebral lesion in the same patient as in 
Figure 3 shows increased lesional uptake at the same background 
level with xSPECT Bone as well as improved definition of vertebral 
and disc margins and spinal canal and spinous process definitions. 
The uptake in the spongy bone within the vertebral body and 
the vertebral end plates reflects a more accurate visualization of 
skeletal metabolism and the degree of hypermetabolism of the 
metastatic lesion compared to the surrounding bone.
 
Figure 4 shows side-by-side visualization of CT and fused images: 
CT shows focal sclerotic areas within vertebral bodies and in the 
Ileum involving the right sacro-iliac joint. Fused images show 
the focal hot areas exactly corresponding to the zone of sclerosis 
without any spillage of activity beyond the bone margins. In the 
coronal image (top row), the intensity of the uptake in the medial 
cortex of the right ileum with metastatic involvement is clearly 
shown as higher, corresponding exactly to the sclerosis with 
lower uptake levels within the adjacent marrow which appears 
hypodense on CT.

Figure 3: Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA

Figure 4: Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA 

Figure 5: 99mTc MDP bone SPECT images comparing xSPECT with 3D iterative 

reconstruction.  

Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA
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Such distinction between uptake in sclerotic metastatic bone 
and adjacent marrow reflecting the true skeletal pathology can 
be achieved using xSPECT Bone, unlike conventional 3D iterative 
reconstruction.

99mTc MDP Bone SPECT in a patient with prostate cancer (Figure 5). 
The 3D iteration image shows multiple hypermetabolic vertebral 
metastases. xSPECT Bone shows clearer and sharper delineation of 
the vertebral bodies and defines the extent of hypermetabolic meta-
static foci. Note the sharp definition of intervertebral disc spaces, as 
well as vertebral end plates, spinous processes and vertebral canal. 
 
The perfect correlation of the lesion extent and margins on xSPECT 
Bone with the zones of sclerosis on CT highlights the resolution 
and true delineation of the tracer uptake distribution, both within 
the lesion as well as in the normal bone, made possible by xSPECT 
Bone reconstruction.

Comparison of 3D iterative with the xSPECT Bone study of the 
lumbar vertebrae in a patient with breast carcinoma (Figure 7) 
shows improved visualization with xSPECT of the lytic regions with 
increased 99mTc MDP uptake in the lesion margins and adjacent 
vertebral body which confirms the presence of lytic zones in the 
vertebral body as well as the involvement of the lytic process in the 
upper vertebral end plate. 
 
The CT study (Figure 8) shows lytic areas on the left side of the 
L2 vertebral body with fused images showing areas of increased 
uptake corresponding to the region adjacent to the lytic areas. The 
hypointense regions within the vertebral body correspond exactly 
to the lytic regions on CT. The lytic region involves the upper verte-
bral end plate as shown on the sagittal images. Although lytic 
metastases are common in breast carcinoma, the pattern of the 
lytic areas suggests the possibility of an aneursymal bone cyst or 
giant cell tumor rather than metastases. MRI correlation would 
be required for proper evaluation. xSPECT Bone is uniquely suited 
to sharply define cold areas within areas of high or normal bone 
uptake characteristic of lytic lesions, as in this example.

Equivocal bone lesions are a common concern in skeletal scintig-
raphy and SPECT/CT has been shown to have significantly improved 
characterization of such lesions. One study1 determined the added 
value of multi-slice SPECT/CT in evaluation of equivocal bony 
lesions in patients with prostate carcinoma. Using SPECT/CT with 
integrated 16-slice diagnostic CT, 40 consecutive patients with 
prostate cancer were studied using 99mTc MDP. Of 50 focal lesions 
with abnormal tracer uptake, 61 percent (30/50) were termed 
equivocal on planar and SPECT imaging. However, after SPECT/CT 
evaluation, only 8 percent were still termed equivocal. Thus, the 
use of SPECT/CT with integrated diagnostic CT was able to clarify 
the diagnosis in 84 percent of equivocal lesions. In the majority of 
cases, SPECT/CT was able to clearly pinpoint benign (24 percent) 
or malignant (68 percent) lesions due to the morphological clarity 
provided by CT. Six vertebral lesions in five patients were reclas-
sified based on CT findings like sclerotic vertebral lesions on CT, 
suggesting malignancy or compression fracture in the vertebrae 
indicative of the benign nature of the uptake. Certain SPECT/CT 
uptake patterns were rated as benign uptake at the edge of verte-
bral bodies adjacent to the disc space or uptake in the facet joints, 
but sparing the pedicles. However, uptake within vertebral bodies 
including pedicles was suggestive of metastases. 

Figure 6: CT shows multiple sclerotic metastases in the lumbar and thoracic 

vertebrae and fused images showing exact coregistration of the zones of focal 

hypermetabolism with the sclerotic lesions on CT. 

Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA

Figure 7: xSPECT Bone and SPECT (AC) show the lytic vertebral lesion in a patient 

with breast cancer. Data courtesy of University of Erlangen, Erlangen, Germany

Figure 8: CT and fused image of xSPECT Bone and CT shows lytic vertebral lesion. 
Data courtesy of University of Erlangen, Erlangen, Germany
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Characterization of solitary skeletal lesions, often in patients with 
known malignancy, often presents diagnostic dilemmas. SPECT 
has been shown to improve characterization of such lesions as 
compared to planar. Sudhakar,2 in a study of 20 patients (6 with 
known malignancy), showed additional detection of 30 percent of 
solitary vertebral lesions by SPECT compared to planar bone scan. 
Metastatic lesions were characterized by involvement of posterior 
vertebral body and pedicles. Lesions localized to anterior vertebral 
body were commonly characterized as benign osteophytes. Other 
benign solitary lesions included osteoma, facet arthropathy, discitis, 
spondylolysis and transverse process fractures. SPECT/CT has also 
demonstrated significant improvement in characterization of soli-
tary bone lesions. Iqbal,3 in a cohort of 80 patients with solitary 
bone lesions (50 with known cancer), demonstrated that SPECT/CT 
significantly decreased the number of equivocal lesions compared to 
that with planar imaging (63.8 percent) equivocal lesions for planar 
imaging compared to 13.8 percent with SPECT/CT. In view of the 
13.8 percent equivocal rate with SPECT/CT (performed with non-
diagnostic CT), there appears to be a significant scope of improve-
ment in diagnostic confidence with improved SPECT reconstructions 
and integrated high-quality diagnostic CT. 

xSPECT Bone images with improved lesion definition as well as 
absolute quantification of tracer uptake have the potential to 
further improve the evaluation of such equivocal lesions. 

Figure 9: Data courtesy University of Minnesota, Minneapolis, Minnesota, USA Figure 10: CT shows mild sclerosis in the left lateral part of the vertebral body 

which corresponds exactly with the hypermetabolic area defined on xSPECT 

Bone with sparing of the pedicles, lamina and transverse processes. This is 

strongly suggestive of early metastases. 

Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA

Such an equivocal lesion is highlighted in the example in Figure 
9. A patient with renal cell carcinoma underwent 99mTc MDP 
bone SPECT/CT. The 3D iterative image shows a solitary focal 
hypermetabolic lesion in the body of cervical vertebrae. 3D 
iterative reconstruction, however, is not able to clearly define 
the extent of the lesion and involvement of pedicles. Since this 
was a solitary lesion, the possibility of a degenerative cervical 
lesion could not be ruled out. xSPECT Bone defines the margins 
of the vertebral body, pedicles, spine and transverse processes 
and clearly localizes the hypermetabolic foci to the left lateral 
part of the vertebral body without involvement of the pedicles, 
facet joints or lamina. Since the location of the lesion does not 
correlate with the sites of degenerative changes, metastases 
become a strong possibility. 

Another similar equivocal solitary skeletal lesion in a patient with 
untreated prostate cancer and progressively increasing PSA is 
shown in Figure 11. A comparison of standard 3D iterative recon-
struction images of bone SPECT and xSPECT Bone images at a slice 
through the sacroiliac joint shows a small focal hypermetabolic area 
on the dorsal aspect of the Ileum adjacent to the right sacroiliac 
joint. When compared to SPECT with attenuation correction (AC), 
the xSPECT Bone images show sharp definition of the hypermeta-
bolic lesion with clear distinction of the lesion location from the 
adjacent sacroiliac joint margin. With 3D iterative reconstruction, 
the lesion appears larger and ill-defined, and no distinction of the 
lesion location from the sacroiliac joint is possible.
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CT (Figure 12) demonstrates a small focal area of sclerosis in 
the ileum adjacent to but distinct from the right sacroiliac joint 
space, which corresponds exactly to the focal hot area seen on the 
corresponding slices on xSPECT Bone. xSPECT also sharply defines 
the right sacroiliac joint margin, thereby clearly differentiating 
the focal hot Iliac bone lesion from the sacroiliac joint. The sharp 
definition of the focal bone lesion when compared to the minor 
sclerosis seen in the corresponding CT slices illustrates enhanced 
lesion margin resolution achieved by xSPECT Bone. 

Figure 11: Comparison of 3D iterative reconstruction and xSPECT Bone in a 

patient with prostate cancer delineates a small hypermetabolic metastasis in 

the posterior right iliac bone. 

Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA

Figure 12: CT (top row) fusion of CT and xSPECT Bone (middle row) and xSPECT Bone 

(bottom row) demonstrates sclerotic focal bone lesion in the posterior aspect of the 

right ileum adjacent to the right sacroiliac joint suggestive of a skeletal metastasis.  
Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA

Figure 13: Comparison of 3D iteration and xSPECT Bone in a patient with 

prostate cancer with solitary vertebral pedicular lesion.

Data courtesy of Ludwig Maximilians University, Munich, Germany

Figure 14: CT shows well-circumscribed zone of sclerosis in the left vertebral 

pedicle which corresponds exactly to th e zone of increased tracer uptake in the 

fused images. Clear separation of the hypermetabolic sclerotic region from the 

adjacent transverse process and vertebral lamina, as well as the normal verte-

bral body, is delineated in the fused images. 

Data courtesy of Ludwig Maximilians University, Munich, Germany

A patient with prostate cancer with borderline increase in PSA 
and no skeletal symptoms showed focal increase in uptake in 
the left vertebral pedicle of T10 vertebrae on 99mTc MDP bone 
SPECT reconstructed with 3D iteration (Figure 13). xSPECT Bone 
clearly localizes the lesion in the vertebral pedicle separate from 
the vertebral body or lamina or transverse process with sharp 
delineation of the spinal canal margins, as well as proper visu-
alization of adjacent transverse process and lamina. 
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SPECT/CT-based anesthetic injections for treatment of bone pain, 
especially in thoraco-lumbar spine and sacroiliac joints, have been 
successfully used. Cui4 used SPECT and CT-guided intra-articular 
anesthetic injection in sacroiliac joint in 16 patients with anky-
losing spondylosis. Sequential 99mTc MDP SPECT-based follow-up 
showed significant decrease in sacroiliac joint uptake within 8 
weeks of therapy accompanied by and correlating with a decrease 
in pain. Accurate delineation of the exact site of articular hyper-
metabolism as shown by xSPECT Bone SPECT and CT fusion can 
help pinpoint the site of anesthetic injection with the potential 
for improving outcomes. 

Figure 15 shows 99mTc MDP bone SPECT in a patient with breast 
cancer with progressive low back pain. xSPECT Bone reconstructions 
show improved visualization of vertebral bodies as well as pedicular 
and transverse process uptake and sharp delineation of uptake in 
the sacrum and sacroiliac joint. Increased uptake in bilateral lumbar 
articular processes secondary to bilateral facet arthropathy in L5 
vertebrae is clearly delineated along with clear visualization of spinal 
canal with xSPECT Bone. 3D iterative reconstruction, in comparison, 
shows comparatively blurred levels of uptake in the facets with inad-
equate visualization of the spinal canal. Note the clear visualization 
of the sacral foramina which shows hypodensity, as expected. Sharp 
margins of the rim of the vertebral body show slightly increased 
uptake of tracer on xSPECT Bone due to the presence of cortical 
bone, compared to the central part of the vertebral body showing 

lower level of uptake due to spongy bone. Thus, xSPECT Bone reflects 
the true metabolism of the vertebral body. The linear area of slightly 
increased uptake in the left 10th rib posteriorly is more prominently 
visualized in the xSPECT Bone MIP image (left top) and reflects past 
traumatic fracture.
 
CT (Figure 16) shows sclerosis at bilateral facet joints which corre-
sponds to the areas of increased uptake on xSPECT Bone with 
clear separation of facet uptake from the pedicle and transverse 
processes. Clear delineation of hypermetabolic foci within the facet 
joints may help SPECT/CT-guided anesthetic therapy. 

Figure 17 shows comparison of 3D iterative and xSPECT Bone 
reconstructions of 99mTc MDP bone SPECT/CT in a 54-year-old 
female patient who presented with severe back pain along with 
fever. X-ray of the spine was inconclusive. SPECT shows increased 
uptake of tracer in the L3-L4 lumbar vertebral end plates and inter-
vertebral disc. xSPECT Bone shows sharp delineation of the indi-
vidual vertebrae with clear definition of the focal area of increased 
uptake within the L3-L4 intervertebral disc and adjacent vertebral 
end plates. xSPECT clearly defines the location of the uptake and 
delineates the sharp vertebral end plate margins, thereby demon-
strating the narrowing of the L3-L4 intervertebral disc space as 
well as the tracer uptake within the disc. Other lumbar vertebrae 
show normal shape with normal intevertebral disc spaces without 
abnormal focal uptake.

Figure 15: Comparison of SPECT and xSPECT Bone in a patient with biltaral 

facet arthropathy.  

Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA

Figure 16: CT and fusion of xSPECT Bone and CT delineate the sclerosis and 

inflammation in bilateral facet joints. 
Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA
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Figure 17: Comparison of 3D iteration and xSPECT Bone in a patient with inter-

vertebral disc space infection. 
Data courtesy of University of Erlangen, Erlangen, Germany

Figure 18: CT and fusion of xSPECT Bone and CT shows intervertebral disc 

space shortening with end plate sclerosis along with skeletal hypermetabolism 

in the sclerosed end plates and within the intervertebral disc space.

Data courtesy of University of Erlangen, Erlangen, Germany

Figure 19: 99mTc MDP bone SPECT in a patient with treated prostate cancer 

presenting with increased PSA. 3D iteration shows a focal hot area in the T4 ver-

tebrae involving the left side, although the exact region of involvement was not 

clear from 3D iteration. 3D iterative images could not differentiate whether the 

uptake was in the vertebral pedicle or left facet joint or left transverse process. 

xSPECT Bone images, in comparison, show clearly the focal uptake involving the 

entire left transverse process and are clearly distinct from the vertebral pedicle, 

lamina and body. The pattern of involvement of transverse process is strongly 

suggestive of metastases. 

Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA

Figure 20: CT shows sclerosis involving the entire left transverse process which 

corresponds exactly to the zone of increased uptake on xSPECT Bone SPECT 

reconstruction. Note the clear distinction of the increased transverse process 

uptake from the adjacent rib uptake as well as distinction from the normal 

uptake levels in vertebral pedicle and lamina. The transverse process lesion is 

clearly defined as a metastatic lesion. 

Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA

CT (Figure 18) shows narrowing of the L3-L4 intervertebral disc 
space with severe erosion of the adjacent vertebral end plates 
along with mild sclerosis. Fusion of CT and xSPECT Bone data 
(Figure 12) shows increased uptake within the narrowed inter-
vertebral disc space along with uptake limited to the zone of 
sclerosis adjacent to the vertebral end plate erosion. The other 
intervertebral disc spaces appeared normal, without abnormally 
increased uptake or end plate changes on CT. Minor degenerative 

changes were visualized in the lateral aspect of L4-L5 vertebral 
end plates. The clinical presentation of the patient along with the 
SPECT/CT findings of narrowing of disc space, end plate erosion 
and severely increased bone metabolism within the disc space 
and in the adjacent vertebral end plates, without major involve-
ment of other intervertebral disc spaces, were suggestive of an 
intervertebral disc space infection. 
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Figures 23 and 24 reflect a common clinical situation of vertebral 
collapse either related to osteoporosis or trauma. Percutaneous 
vertebroplasty (PV) is an established treatment for vertebral 
collapse. Bone SPECT/CT has been used in patients with vertebral 
collapse as a pre-vertebroplasty procedure to help in patient selec-
tion, treatment planning and prediction of response to PV. A study 
was performed on Symbia T25 on 33 patients with chronic pain 
secondary to vertebral compression fractures. Regions of maximum 
uptake on SPECT were defined for planning of vertebroplasty and 
bone cement infiltration. A total of 91% of patients with high 
vertebral uptake on SPECT in the site of cementing showed clinical 
improvement. SPECT also demonstrated alternative causes of pain 
in some cases, such as new fractures, persistent bone remodeling 
in previously cemented vertebra or facet arthropathy. In these 
cases, SPECT/CT was instrumental in defining proper therapy. 
Follow-up SPECT/CT demonstrated the decrease in vertebral uptake 
following cementing correlating with recovery. In such clinical situ-
ations involving vertebral collapse, xSPECT Bone reconstructions 
may, possibly, further help define regions of inadequate cementing 
and improve planning of percutaneous vertebroplasty.

Figure 21: This shows another patient with prostate carcinoma with hyperme-

tabolic foci in the transverse process of mid-thoracic vertebrae. From the 3D 

iterative image, exact localization and characterization of the lesion is difficult 

and the lesion would be labeled as equivocal. xSPECT Bone images, however, 

clearly differentiate focal uptake in the transverse process as well as uptake in 

the proximal end of the rib and costo-vertebral junction. The space separating 

the transverse process and the rib is also clearly delineated in xSPECT Bone 

which suggests presence of focal metastases in the transverse process along 

with adjacent costo-vertebral facet arthropathy (arrow). 

Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA

Figure 22: CT shows the small focal sclerotic area in the medial part of the left 

transverse process (arrow) which exactly corresponds to the focal hypermeta-

bolic foci on xSPECT Bone, suggesting a small metastases. The adjacent rib and 

costo-vertebral junction is delineated on CT with fused images showing mild 

hypermetabolism in the medial end of the rib and the facet, suggesting facet 

arthropathy coexisting with transverse process metastases. 

Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA

The patient delineated in Figure 25 shows a large cold mass in 
the sacrum comprising the entire right side and invading into 
the adjacent right ileum as well as into part of the left sacrum 
with destruction of the bone and invasion into the cauda equine. 
Compared to 3D iteration, xSPECT Bone shows sharp delineation 
of the eroded margins of the sacrum and ileum. The thin cortical 
margins of the eroded sacral anterior and posterior margins are 
well delineated with xSPECT Bone. 

CT images (Figure 26) show large soft tissue mass involving the 
entire right sacrum with bone destruction and extending to adja-
cent ileum with complete erosion of the left sacro-iliac joint. Part 
of the tumor extends to the left sacrum as well as slightly towards 
the left of the midline. There is considerable extension of the 
soft tissue mass into the pelvis, displacing the iliac vessels. Fused 
images show exact correlation of the SPECT uptake to the edges of 
the eroded bone on the CT with increased uptake corresponding 
in intensity to the mild sclerosis in the eroded sacral margin and 
sacroiliac joint. The relatively low intensity of uptake at the bony 
erosion margins reflects the absence of significant osteoblastic 
reaction to the bone destruction caused by the plasmacytoma. 
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Figure 23: 99mTc MDP bone SPECT in a patient with a history of breast carcino-

ma with osteoporotic collapse of L1 vertebrae and central hypodense zone wi-

thin the vertebral body, corresponding to zone of osteolysis and impaction with 

bulging cortical rim with increased uptake. xSPECT Bone also sharply defines 

the spinal canal with encroachment of the collapsed vertebral body margin into 

it which suggests possibility of cord compression. 

Data courtesy of University of Erlangen, Erlangen, Germany

Figure 24: CT shows collapsed central part of vertebral body with focal oste-

olysis with bony hyperdensity in the lateral rim of the vertebral body. Fused 

images show absence of tracer uptake in the collapsed portion with increased 

uptake in the lateral rim. Note the visualization of the encroachment of verte-

bral body into spinal canal both in the CT and fused images, confirming pre-

sence of cord compression, as was anticipated from the xSPECT Bone images. 

Data courtesy of University of Erlangen, Erlangen, Germany

Figure 25: xSPECT Bone delineation of sacral erosion in a case of plasmacytoma.  

Data courtesy of University of Erlangen, Erlangen, Germany

Figure 26: CT and fused images in a case of pelvic plasmacytoma eroding  

the sacrum. 

Data courtesy of University of Erlangen, Erlangen, Germany
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Another similar lytic skeletal lesion is depicted in Figure 27 which 
shows a SPECT/CT study of a 75-year-old man with a history of 
multiple myeloma with bilateral thigh pain. xSPECT Bone demon-
strated a large lytic lesion in the upper half of the shaft of the 
left femur with a smaller lesion just below the larger lesion. The 
central photopenic area with peripheral hypermetabolism is typical 
of a lytic lesion with peripheral bone erosion. Compared to 3D 
iterative reconstruction, xSPECT Bone shows sharper delineation 
of the hypermetabolic edges of the lytic bone lesion as well as 
improved delineation of the normal cortical bone of the femoral 
shaft and of the marrow cavity. Transverse reconstruction of the 
xSPECT study shows improved delineation of the hypermetabolic 
medial margin of the lesion involving the upper part of the shaft 
of the left femur. 

CT images (Figure 28) show lesions in the left femoral shaft 
which show erosion of the inner cortical table with absence of 
bony expansion and without irregularities of the outer cortical 
surface or periosteum. The inner cortical table erosion without any 
osteoblastic activity, calcification or sclerosis within the marrow 
suggests a marrow lesion with infiltration into and eroding the 
inner cortical bone. This is typical of multiple myeloma. Fusion 
of CT and xSPECT Bone images show exact co-registration of the 
hypermetabolic peripheral margin of the myeloma lesions arising 
from the marrow to the erosion of the inner cortical table typical 
of the myeloma lesions. The sharp definition of the hypermetabolic 
rim of the lesions by xSPECT Bone helps its exact co-registration 
with the erosion. Focal hyperintensities in regions of the hyper-
metabolic peripheral rim suggest cortical zones with significantly 
more active erosion, which may be at risk of fracture. 

SPECT/CT has shown higher accuracy compared to SPECT and 
planar bone scan for evaluation of skull base osteomyelitis.10 
Accuracy for SPECT/CT was 92 percent compared to 85 percent 
for SPECT only and only 46 present for planar bone scan. Improved 
resolution of SPECT with better visualization of fine bony struc-
tures in the skull base, as visualized on xSPECT Bone, along with 
enhancement and definition of uptake, could potentially further 
improve imaging accuracy in such conditions, as evident from the 
previous case of mastoid osteomyelitis.

Imaging of joints, especially delineation of osteoarthritis, stress 
fractures, avascular necrosis and infections has been significantly 
impacted by SPECT/CT. Sharper delineation of joint hyper or 
hypometabolism, as well as joint spaces and articular margins 
achieved with xSPECT Bone with perfect co-registration with CT, 
can potentially improve diagnostic confidence in joint imaging. 

Figure 31 shows SPECT/CT bone study in a 28-year-old athletic 
man who presented with a chronic history of pain in both feet. 
xSPECT Bone shows focal increase in uptake within the first meta-
tarsophalangeal joint exactly corresponding to the joint space and 
adjacent subchondral regions. Increased uptake corresponds to 
osteophytes on the dorsal subarticular margin of the distal end 
of the first metatarsal. 

CT (Figure 32) shows subchondral sclerosis and joint space 
narrowing, which, in addition to the overhanging osteophytes, 
indicate severe degenerative joint disease. Despite mild sclerosis 
of the sesamoids, no abnormal tracer uptake is noted within them 
on either side.

Figure 27: Comparison of 3D iteration and xSPECT Bone shows a lytic lesion  

in the shaft of left femur.

Data courtesy of University of Erlangen, Erlangen, Germany

Figure 28: CT and fusion of CT and xSPECT Bone shows exact coregistration  

of the hypermetabolic edge of the lytic lesion in the left femoral shaft to the 

erosion of the inner table of cortex. 

Data courtesy of University of Erlangen, Erlangen, Germany 
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Figure 29: 99mTc MDP bone SPECT in a patient with left oto-mastoiditis with 

suspicion of osteomyelitis. SPECT study shows focal area of increased uptake 

in the left mastoid. xSPECT Bone shows enhanced tracer uptake in the mastoid 

with improved definition of the extent of uptake and the margins of the invol-

ved mastoid, along with improved definition of the uptake in the adjacent skull 

bones and petrous temporal, as well as improved definition of the maxillary 

bones and nasal septum.

Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA

Figure 30: CT shows a slight loss of trabeculation in the lateral aspect of the 

mastoid process which corresponds to the region of highest tracer uptake  

on xSPECT Bone SPECT. This strongly suggests osteomyelitis. The lateral and 

medial margins are intact. Fusion of thin slice CT and xSPECT Bone show the 

exact co-registration of the increased uptake to the mastoid process, especially 

localization of the area of maximum uptake to the zone of loss of mastoid 

trabeculae. Note the absence of spillage of activity beyond the mastoid bone 

margins due to the improved edge definition of xSPECT Bone compared to 3D 

iteration. The maxillary bones and nasal septum seen on CT also show exact 

co-registration with xSPECT Bone reconstructions which enables visualization 

of such fine details and reflects true metabolism and tracer uptake levels.

Data courtesy of University of Minnesota, Minneapolis, Minnesota, USA

Figure 31: Comparison of 3D iteration and xSPECT Bone in a patient with  

ankle joint pain shows sharper definition of 99mTc MDP uptake in the articular 

surface of the distal end of the bilateral first metatarsal, as well as a small focal 

hot lesion in the left talo-calcaneal joint space. 

Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA

Figure 32: xSPECT Bone (bottom), xSPECT/CT (middle row) and CT (top) images 

show severe degenerative changes in the first metatarsophalangeal joints. 

Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA
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xSPECT Bone shows focal increase in uptake of 99mTc MDP in the 
right talo-calcaneal joint space (Figure 33) corresponding exactly 
to a bulky osteophyte within the joint space, which suggests 
osteoarthritic changes.

The sharp definition of the focal uptake limited to and exactly 
corresponding to the osteophyte within the joint space with clear 
delineation of the absence of degenerative change in the rest of 
the joint margins, reflects the high resolution and image quality
achieved with xSPECT Bone.

A small focal area of slightly increased uptake of 99mTc MDP in 
the anterior and lateral articular facet of the lower right tibia 
is also demonstrated on xSPECT Bone (Figures 34 and 35). The 
focal uptake exactly corresponds to a very small osteophyte. CT 

Figure 33: xSPECT Bone (left), CT (right) and fused images of CT and xSPECT Bone (middle) show hypermetabolic osteophyte in the talo-calcaneal joint space sug-

gestive of osteoarthritis. Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA

shows a sclerotic growth plate scar without cortical disruption, 
displacement or joint space alteration. xSPECT Bone shows the 
articular uptake corresponding exactly to the small osteophyte 
and clearly separate and distinct from the growth plate sclerosis, 
while such separation could not be visualized with standard SPECT 
reconstruction. 

The above clinical examples help to illustrate the unique image 
quality improvement that xSPECT Bone brings to skeletal scin-
tigraphy. Sharp definition of lesion margins, clear delineation of 
hyper and hypometabolic zones and clear differentiation between 
cortical and spongy bone obtained by xSPECT Bone, together with 
the CT information about sclerotic and lytic lesions as well as soft 
tissue changes, may truly enhance the diagnostic confidence and, 
thereby, revolutionize skeletal scintigraphy.
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Clinical Possibilities with xSPECT Quant

This chapter and associated clinical examples explores and helps 
illustrate the clinical potential of absolute SPECT quantification 
with xSPECT Quant. Accurate and reproducible quantification 
supports physicians’ ability to more confidently interpret clinical 
images, enabling early modification of patient treatment and 
potentially reducing costs.

Skeletal Applications
A recent publication7 highlights the normal regional activity 
concentration in the spongy bone of the lumbar vertebrae 
measured using xSPECT Quant in 50 normal female patients (mean 
age 69.88 +/- 13.73 years; injected dose 562 +/- 102.33 MBq of 
99mTc DPD; acquisition performed 4 hours post injection) yielded 
average bone tracer activity concentration (AC) of 48.15 +/- 13.66 
kBq/ml, which corresponds to average SUV of 5.91 +/- 1.54. There 
was close positive correlation of SUV to the Hounsfield Unit (HU) 
levels as well as negative correlation between patient age and 
SUV levels.
 

Figure 34: A comparison of xSPECT Bone and 3D iteration in the same patient 

shows sharp delineation of focal uptake at the articular surface of the lower 

end of the right tibia.

Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA

Figure 35: xSPECT Bone (left) and CT (right) shows focal increase in uptake 

at the anterior edge of the tibial articular surface corresponding to a small 

osteophyte. The xSPECT Bone and CT fusion image (middle) shows the uptake 

to correspond exactly to the anterolateral edge of the articular surface without 

involving the cortical sclerotic growth plate scar.

Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA

Figure 36: A 99mTc MDP planar bone 

scan in a patient with a history of gas-

tric carcinoma shows normal distribu-

tion of tracer throughout the skeletal 

system except for a small focal area of 

increased uptake in the 9th rib, which 

is possibly related to past traumatic 

rib fracture. There is no obvious focal 

area of increased uptake suggestive of 

metastases. From the planar image, 

the impression of absence of skele-

tal metastases can be made with a 

high degree of confidence. However, 

SPECT imaging can still improve upon 

that confidence because small lesions 

with mildly increased skeletal meta-

bolism may become more apparent 

with SPECT, especially with 3D itera-

tive reconstruction (SPECT AC).

SPECT/CT imaging of the thoracic re-

gion was subsequently performed 

with a standard acquisition protocol 

of 64 frames with 20 seconds per 

frame. Diagnostic CT was performed 

as an integrated procedure prior to 

SPECT acquisition with 140kV 50 mAs 

3D iterative reconstruction with 20 

iterations and 4 subsets with a Gaus-

sian filter. CT attenuation correction 

was performed on the 3D iteration 

reconstructed data. xSPECT Bone re-

construction was also used with the 

same dataset using zone information 

obtained from the CT data.

Data courtesy of University of Erlan-

gen, Erlangen, Germany
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These average SUV ranges in the spongy bone of normal female 
lumbar vertebrae in an elderly population correlate well with 
similar data obtained using 18F Fluoride PET. Frost8 determined 
average SUV in lumbar vertebrae using Fluoride PET/CT acquired 1 
hour post injection to be 5.5, which match well with that obtained 
by quantitative SPECT/CT. 

The strong correlation of absolute tracer concentration and SUV in 
the vertebral spongy bone with the HU values is expected. Diphos-
phonates, which are radiolabeled to obtain radiopharmaceuticals 
for imaging bone metabolism, bind to mineral phase of the bone 
hydroxyapatite. Hydroxyapatite density reflects bone density as 
reflected in HU values on CT. Thus, strong correlation between SUV 
obtained by xSPECT Quant and HU values reflects the accuracy of 
quantification of tracer uptake. 

Quantitative measurement of skeletal tracer concentration can 
potentially be helpful in evaluating osteoporosis and metabolic bone 
disorders. In a 1994 study,9 Israel performed 99mTc MDP bone SPECT 
in osteoporotic women and obtained semi-quantitative indices of 
bone uptake (expressed as percent injected dose/cc) in the lumbar 
vertebrae and femoral head and compared them with age-matched 
normal female controls. The tracer concentration decreased with 
age in trabecular bone of normal women. Tracer concentration 
was significantly higher both in lumbar vertebrae (10 percent) and 
femoral neck (25 percent) in postmenopausal osteoporotic women, 
which reflected the increased bone turnover in osteoporotic women.

Figure 37: Comparison of 99mTc MDP bone SPECT reconstructed with 3D iterative 

reconstruction (bottom row) and xSPECT Bone (top row) in the same patient. There 

is a visually significant improvement in image quality, especially in the delineation 

of sharp margins of vertebral bodies, end plates and intervertebral discs as well as 

vertebral canal, spinous and transverse processes. The vertebral canal, which is 

almost smeared over by spilled activity from the vertebral bodies in the 3D itera-

tive reconstruction is clearly delineated on xSPECT Bone. This demonstrates the 

image impact of CT-based zoning. The diagnostic implication of such sharpness 

in reconstruction includes the possibility of improved delineation of vertebral end 

plate changes and encroachments into the spinal canal as in blastic metastases, 

traumatic vertebral collapse and spinal tuberculosis.

Data courtesy of University of Erlangen, Erlangen, Germany

Figure 39: xSPECT Quant measurements in lumbar vertebrae of the patient 

in Figure 37 with normal tracer distribution in thoracic and lumbar vertebrae 

show tracer concentration of 69 kBq/ml and average SUV of 7.28 in the center 

of the T9 vertebral body. Comparison with a normal range shows these values 

to fall around the upper end of the normal range of 7. Injected dose: 574 MBq; 

patient weight: 141 lb; patient height: 5’ 8”.

Data courtesy of University of Erlangen, Erlangen, Germany

Figure 38: An axial comparative section of 99mTc MDP bone SPECT through a 

thoracic vertebrae in the same patient illustrates, in detail, the improved deline-

ation of the vertebral body, transverse process and facet joints (arrow) as well 

as spinal canal (arrow) with xSPECT Bone. The vertebral end of the ribs and the 

transverse processes, as well as the facet joint margins, are clearly delineated. 

In comparison, 3D iterative axial reconstruction shows complete absence of dif-

ferentiation of ribs from transverse process, poor delineation of spinal canal and 

blurry edges of vertebral body and ribs.

Data courtesy of University of Erlangen, Erlangen, Germany
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Israel also used similar semi-quantitative measurement of tracer 
concentration in patients with hyperparathyroidism.10 All patients 
with primary hyperparathyroidism showed significantly higher 
values of skeletal tracer concentration, measured in percent 
injected dose/cc in the ilium, sacroiliac region, femoral neck 
and shaft as compared to age- and sex-matched controls. The 
percentage increase was in the range of 15-44 percent, the highest 
increase being in the femoral shaft.

Figure 41 shows a 99mTc MDP planar bone scan of a patient with 
operated breast carcinoma who also underwent chemotherapy. 
Planar study shows focal areas of increased uptake in cervical, 
lower thoracic and lumbar vertebrae that are suggestive of degen-
erative changes. Both kidneys are well-visualized. No obvious lytic 
or blastic bone lesion, suggestive of metastases, is visualized. 

The patient underwent SPECT/CT of the lumbar spine. 3D itera-
tion and xSPECT Bone reconstructions are shown as comparisons 
in Figure 40. xSPECT Bone shows higher intensity of uptake 
secondary to facet arthropathy in the right facet joint in L5 
vertebrae compared to 3D iterative reconstruction, as well as 
clear and sharp delineation of lamina, spinous process and spinal 
canal. Sagittal images show sharper definition of intervertebral 
disc spaces and vertebral body margins, as well as pedicles and 
transverse processes on xSPECT Bone.
 

Figure 40: xSPECT Quant measurements of absolute tracer concentration and 

SUV in the patient described in Figure 1 with multiple osteoblastic skeletal 

metastases show high SUV in the metastatic foci in L4 vertebrae, as expected, 

with SUV average of 4.07 in the body of normal L3 vertebrae, which is lower 

than the normal range (7.02 +/-1.67).7 Injected dose: 976 MBq; weight: 117 

lbs; height: 5’ 4”. 

Data courtesy of Johns Hopkins University, Baltimore, Maryland, USA

Figure 41: Planar bone scan in a patient with treated breast carcinoma.

Data courtesy of Ludwig Maximilians University, Munich, Germany

Figure 42: This comparison of 3D iterative and xSPECT Bone reconstructions 

shows increased uptake in vertical facet joint along with sharper delineation of 

vertebral body margins and disc spaces with xSPECT Bone.

Data courtesy of Ludwig Maximilians University, Munich, Germany
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Figure 44 shows absolute quantification of tracer concentration 
in the lumbar vertebrae in the same patient with diffuse lumbar 
vertebral sclerosis with clinical impression of post-chemotherapy 
suppression of 99mTc MDP uptake in the region of diffuse lumbar 
vertebral metastases. xSPECT Quant shows 157 kBq/ml of 99mTc 
MDP in the center of the body of L3 vertebrae (arrow) with an SUV 
average of 14.95, which is approximately two times higher than 
that of normal7(SUV average of 7.02) and three times higher than 
an osteoporotic vertebrae demonstrated in Figure 38 with an SUV 

Figure 43: CT shows a diffuse increase in sclerosis within the vertebral body 

interspersed with small hypointense zones of normal spongy bone. The CT  

pattern is suggestive of diffuse osseous metastases. The skeletal metabolism  

in the vertebral bodies, as seen on xSPECT Bone, appears uniform but is slightly 

and diffusely increased when compared to the uptake in the pelvis. However, 

the overall uptake and absence of any focal hot or cold areas suggest that the 

CT changes in the lumbar spine may be related to post-chemotherapy suppres-

sion of skeletal metabolism within the diffuse osseous metastases.

Data courtesy of Ludwig Maximilians University, Munich, Germany

Figure 44: Data courtesy of Ludwig Maximilians University, Munich,  

Germany

average of 4.57. This high SUV within the lumbar vertebrae, along 
with the diffuse sclerosis on CT, is reflective of diffuse osseous 
metastases. However, the planar bone study did not show diffuse 
vertebral hypermetabolism and both kidneys were visualized, 
excluding a “superscan” appearance. This can be explained by the 
response of the diffuse vertebral metastases to chemotherapy but 
with persistent higher level of vertebral metabolism, due to the 
increased bone turnover within the sclerotic component, as evident 
in the increased tracer concentration and SUV within the vertebrae.
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Assessment of bone graft function and retention
Absolute quantification of skeletal metabolism by measurement of 
bone concentration of the tracer in Bq/ml has the potential to be 
of value in the assessment of bone graft function and retention. 
Droll11 performed bone SPECT in 104 hips in 93 patients with 
osteonecrosis of the femoral head treated with vascularized fibular 
grafting. The signal intensity of the graft was compared with the 
intensity of the ipsilateral proximal femoral diaphysis and assigned 
a score of 1 if less than diaphysis, 2 if equal to diaphysis and 3 if 
greater than diaphysis. Graft failure was defined as conversion to 
total hip arthroplasy. A total of 30 percent of the hips failed treat-
ment with vascular fibular grafting and mean SPECT scores were 
significantly lower in the failed group compared to the group in 
which the bone graft was retained. This pattern of scoring of the 
intensity of SPECT uptake and comparison with adjacent normal 
bone can potentially be helped by the reproducible absolute quan-
titative values of tracer uptake within bone that can be obtained 
by xSPECT Bone. Sequential quantitative imaging of graft uptake 
of 99mTc MDP may help compare absolute uptake values between 
fibular graft and ipsilateral femoral diaphysis. 

Hip joint replacement follow-up
Similar studies using sequential 99mTc MDP bone SPECT have been 
successful in following regional periprosthetic bone turnover after 
total hip arthroplasty. Venesmaa12 performed bone SPECT after 
6, 12 and 36 months following hip joint replacement surgery. 
ROIs were drawn in the greater and lesser trochanter and medial 
femoral cortex and a region above the acetabulum was drawn 
as a reference. All regional uptake values (counts/voxel) were 
divided by the reference value to determine regional uptake ratios. 
The ratios were compared with the contralateral side as well. In 
uncomplicated total hip arthroplasty cases, the regional uptake 
values significantly decreased compared to baseline during the 
follow-up period, although uptake ratios in the medial cortex 
remained significantly higher compared to the contralateral side 
even after three years following surgery. This suggested that bone 
turnover around femoral prosthesis remains high even after three 
years in the absence of prosthesis failure. Although this study 
has used regional uptake ratios with manually drawn symmetric 
ROIs, absolute quantification of tracer uptake in the bone may 
potentially be of value in assessment of the rate of change of bone 
turnover and serve to provide additional objective information 
on progression to normalization or failure in sequential studies.

Assessment of meniscal pathology
The intensity of lesional uptake visualized in bone SPECT has been 
used in osteoarthritic knee joints for comparison with arthroscopic 
findings in order to grade the severity of involvement of menisci 
and femoral condyles. Siegel13 compared SPECT uptake intensity 
with arthroscopic findings in 41 patients and found significant 
correlation between uptake and severity of meniscal pathology. 
This suggested the possibility that bone SPECT could potentially 
be used to help surgical decision-making by identifying severe 
pathology which may not be amenable to arthroscopic therapy. 
Absolute quantification of bone and meniscal uptake may help 
such decision-making as well as offer additional objective informa-
tion about disease severity. 

Another similar study by Hirschman14 evaluated maximum 
intensity of uptake in 99mTc HDP bone SPECT/CT in 85 knees with 
pain secondary to osteoarthritis. Maximum intensities in each 
femoral, tibial, and patellar joint compartment were compared 
with joint alignment (varus, valgus or neutral) and osteoarthritis 
scores assessed on standardized radiographs Kelgren-Lawrence 
osteoarthritis score (KL). The intensity of uptake on SPECT in the 
medial and lateral knee compartment directly correlated with the 
degree of varus or valgus alignment of the knee, as well as the 
degree of osteoarthritis in the corresponding joint compartments. 
Intensity of uptake on SPECT was thus correlated with specific 
loading pattern on the knee related to the alignment, as well as 
degree, of osteoarthritis. In similar evaluation, absolute quantifica-
tion of knee joint uptake of 99mTc MDP may be helpful in objective 
assessment of patients before and after realignment therapy such 
as osteotomy, etc.

Grading and follow-up of renal osteodystrophy
Semi-quantitative evaluation of radiotracer uptake in bone scin-
tigraphy has been used to estimate bone metabolism in patients 
with renal osteodystrophy undergoing hemodialysis.15 Using an 
ROI drawn on the radius and skull, the bone/soft tissue ratio (B/
ST ratio) was calculated and correlated with parathyroid hormone 
(PTH) and Alkaline (Alk) phosphatase levels. B/ST ratios for both 
radius and skull correlated linearly with PTH and Alk phophatase, 
thereby demonstrating the relevance of semi-quantitative bone 
scintigraphy in grading and follow-up of renal osteodystrophy. 
Kurata,16 in a similar study, used B/ST ratios in lumbar spine and 
femoral neck and found good correlation with PTH. Similar correla-
tions may possibly be achieved using absolute quantification of 
skeletal tracer concentration in long bones, vertebrae and skull 
in metabolic bone disorders such as hyperparathyroidism, renal 
osteodystrophy, fluorosis, etc.
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uptake ratios. The majority of the non-responders showed a >10 
percent increase in the sum of segmental ratios. Most of these 
non-responders required colectomy. Since ratio comparison of the 
inflamed lesion to normal marrow is the key indicator in such cases, 
use of SUV, based on quantitative SPECT imaging, may potentially 
be of value and provide additional information on inflammation 
severity. In addition, percentage and absolute change in SUV could 
be defined as a criterion for response assessment.

Lung
99mTc MAA lung perfusion scintigraphy is used for preoperative 
determination of functional lung volume in patients with lung 
carcinoma. Manual or semi-automatic determination of total 
perfused lung volume and regional lung function, as well as 
ratios of upper to lower lung zones, have been correlated with 
post operative FEV1 and act as reliable predictors of ventilatory 
function following lobectomy or pneumonectomy.22 SUVmax-based 
thresholding for automated or semi-automated generation of 
VOI incorporating functioning lung has the potential to improve 
determination of the extent of functioning lung tissue and also 
help monitor improvement in functional volume.

Renal Cortical Mass 
Quantitative evaluation of renal cortical mass has been performed 
using 99mTc DMSA in patients with cortical scars as well as post 
-nephrolithotomy and post-pyeloplasty situations. The quantitative 
parameters were relative cortical uptake and total cortical volume. 
Unsal23 performed 99mTc DMSA SPECT on 50 patients before and 
after percutaneous nephrolithotomy. Total relative uptake and total 
area of treated kidney, for the entire group, increased from 42.2 
percent and 42.3 percent, pre-operatively, to 44.1 percent and 
43.9 percent, post-operatively. Split renal function and cortical 
volume estimation has been used for pre-transplantation evalu-
ation of renal donors24 using cortical uptake from DMSA SPECT 
and renal volume estimated from CT. Estimation of renal cortical 
SUV using quantitative SPECT imaging may potentially improve 
estimation of the volume of functioning cortex using SUVmax-
based thresholds for 3D volume assessment, as well as compare 
functioning cortical mass to that of healthy cohorts. 

Quantitative 99mTc DMSA SPECT has been used for evaluation 
of renal allografts. Evan Shapir25 estimated functioning cortical 
volume in 19 renal allografts, initially in the donors and subse-
quently in the recipients, following transplantation. A total of 
43 percent of max pixel count was a threshold for defining renal 
cortical VOI. Renal cortical tracer concentration was defined as 
the percentage of injected dose corrected for decay per cubic 
centimeter of kidney tissue. The total kidney uptake was obtained 
by multiplying volume by concentration. Total kidney uptake was 
increased to an average of 190 percent of baseline in healthy renal 
allografts six months following transplantation, while it decreased 
to an average of 69 percent of baseline in impaired grafts. Evalu-
ation of graft renal cortical function can potentially be supported 
by quantitative SPECT generating cortical SUV and percentage of 
SUVmax-based thresholds for cortical volume estimation and SUV-
based comparison among patient cohorts and healthy controls.

Potential for Extraskeletal Applications

Infection
Quantification of tracer concentration using other 99mTc labeled 
radiopharmaceuticals opens up further possibilities of adding to 
the diagnostic information in SPECT imaging. One potential possi-
bility is for characterization of the intensity and severity of infection 
detected by 99mTc labeled leucocytes or anti-granulocyte antibodies 
(approved for use in Europe), as well as sequential evaluation of 
such infections to detect impact of antibiotic therapy. Diagnosis of 
infection often involves semi-quantitative comparison of delayed 
(after 3-4 hours) versus late images (after 20-24 hours). The images 
are classified as positive when there is an increase of activity or size 
between the two acquisitions. Quantification of SUV in the infec-
tive foci can potentially add further information to aid evaluation. 
In cases of infection in prosthetic joints, this can potentially help 
differentiate normal marrow hyperactivity from sites of infection 
based on accurate determination of percentage increase in tracer 
concentration or SUV, which is expected to be significantly higher 
in infection.17 Pelosi18 studied 78 patients with suspected hip or 
knee prosthetic infection using 99mTc labeled WBC and showed that 
the addition of a quantitative evaluation to the qualitative analysis 
of delayed and late images leads to a significant improvement in 
both specificity and accuracy of the method. Sequential images 
were acquired at three different time points after the injection of 
the labeled leukocytes: 50 minutes (early images), 4 hours, and 24 
hours (late images). Sensitivity and specificity on semi-quantitative 
analysis (95.6 percent and 95.8 percent, respectively) were far 
superior to that obtained on qualitative analysis (80.4 percent and 
65.3 percent). Ballani19 evaluated 24 patients (seven with hip or 
knee arthroplasty) with semi-quantitative uptake measurements of 
99mTc MDP and 99mTc HMPAO-labeled WBC, comparing the degree 
of the radiopharmaceutical uptake in the area of suspected infec-
tion. The semi-quantitative comparison of both scans was most 
useful in excluding infections.

Inflammation
99mTc HMPAO-labeled white blood cells have been used in therapy 
monitoring of chronic inflammatory conditions such as bronchi-
ectasis and inflammatory bowel disease. Sequential imaging with 
labeled WBC in 13 patients with active bronchiectasis, before and 
on the 10th day of therapy, demonstrated significant decrease 
in uptake ratios in the inflamed lung zones following therapy.20 
Similar sequential imaging with labeled leukocytes has been 
performed in ulcerative colitis to evaluate response to medical 
therapy.21 Twenty consecutive patients were imaged before and 
one week after initiation of medical therapy. The ratio of the 
maximum tracer uptake in the different colon segments compared 
to that of the lumbar vertebral bone marrow uptake was used as 
a semi-quantitative indicator of the intensity of colonic inflamma-
tion. Favorable response to therapy was characterized as greater 
than a 50 percent decrease in the sum of the ratios of individual 
colonic segment in the post-therapy study compared to the initial 
study. All patients with clinical and endoscopic proof of response 
to medical therapy showed positive response on sequential 
scintigraphy with significant decrease in the colonic segmental 



19

Liver
99mTc GSA scintigraphy has been used to assess hepatic functional 
reserve in patients prior to hepatectomy. Most studies have used 
dynamic planar imaging with liver to heart ratios as semi-quan-
titative indicators of hepatic functional reserve.26 Similar studies 
have been performed in liver transplant recipients as well to assess 
graft function and predict the recipient’s outcome.27 SPECT-based 
SUV quantification of liver concentration of 99mTc GSA or 99mTc 
Sulfur Colloid may further improve similar evaluation by providing 
clinical information on hepatic function and may help assessment 
of hepatic regeneration using sequential SPECT imaging.

Another potential application of absolute quantification with 
SPECT is in assessment of pulmonary shunting of intra-arterial 
hepatic infusion of 99mTc MAA, which is performed prior to intra-
arterial radionuclide therapy for liver tumors. Current approaches 
to shunt estimation involve comparison of lung counts to those 
in the liver and are subjective and often inaccurate. Willowson28 
used a quantitative approach similar to xSPECT Quant to quantify 
the absolute activity in the lungs as a result of arterio-venous 
shunting and used these results to estimate absorbed dose to 
lung tissue at the time of treatment. The paper provides support 
for the potential of quantitative SPECT for estimation of shunts, 
using more reproducible determination of volume and activity 
concentration of the shunted tracer.

Autoimmune Diseases
99mTc-labeled monoclonal antibodies have been used for imaging 
of B and T cell lymphocytes as part of research protocols for 
imaging of inflammatory autoimmune diseases.29 Quantitative 
SPECT imaging using such radiopharmaceuticals as 99mTc Ritux-
imab may support studies involving tracking of lymphocytes. 
Studies using 99mTc -anti-TNF-α mAb (infliximab) on rheumatoid 
arthritis before and after intra-articular infliximab therapy29 have 
demonstrated changes in tracer retention in joint space as a strong 
therapy response indicator. SUV quantification with SPECT could be 
ideal for such response evaluation scenarios for objective measure-
ments, as well as response assessment in borderline situations.

Conclusion

The clinical examples of xSPECT Bone shown in the previous 
chapters demonstrate the improved image quality of SPECT skel-
etal scintigraphy using CT segmentation information inside the 
SPECT reconstruction enabled by the precise xSPECT alignment 
of CT and SPECT. The sharper edge delineation achieved improves 
the definition of lesion margins and enhances the localization of 
small hyper or hypometabolic lesions. Such visual improvement 
in bone SPECT imaging has the potential not only for improved 
lesion detection and characterization but also for improved treat-
ment planning such as intra-articular anesthetic injections for pain 
management due to the delineation of the exact location of the 
active foci. xSPECT Bone thus shows potential to impact a wide 
range of clinical situations in oncology and orthopedics which 
require validation with future studies. The potential of quantita-
tive SPECT/CT with xSPECT Quant impacts several clinical situa-
tions such as evaluation of therapy response in bone metastases, 
especially with radionuclide therapy, therapy response in infective 
processes and other scenarios in which 99mTc labeled isotopes may 
be used for response assessment. Since SUV for individual SPECT 
radiopharmaceuticals and their target organ is a novel concept, 
their routine use would require documentation of normal uptake 
values and evaluation of the correlation of uptake levels and SUV 
with other indicators of disease state. The ability to estimate SUV 
with SPECT thus opens up a host of research opportunities which 
could potentially impact a wide range of clinical conditions and 
specialties.
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