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Delineation of Aseptic Loosening 
of Hip Prosthesis with 99mTc 
MDP Bone SPECT/CT and xSPECT 
Bone Reconstruction

History
A 67-year-old woman with a history of total hip 
arthroplasty, performed 3 years back, presented 
with persistent pain in the affected left hip. The 
patient was referred for a 99mTc MDP bone SPECT/
CT. The study was performed 3 hours following an 
IV injection of 600 MBq (16.22 mCi) of 99mTc MDP. 
A non-contrast diagnostic CT was performed fol-
lowed by SPECT acquisition (32 stops per detector, 
20 sec/stop). Images were reconstructed using 
xSPECT Bone*, a unique reconstruction algorithm 
that leverages CT-based tissue class information.

Case 1

By Christian Waldherr, MD, and Martin Sonnenschein, MD

Data courtesy of the Department of Radiology & Nuclear Medicine, Klinik Engeried, Bern, Switzerland

Diagnosis
The 99mTc MDP bone SPECT maximum intensity pro-
jection (MIP) image (Figure 1) showed focal area of 
increased uptake in the left acetabulum and 
slightly increased uptake in the upper part of femo-
ral shaft (Figure 2). Fused xSPECT images showed 
areas of osteolysis and lucency in the acetabulum 
bordering the acetabular cup (Figure 1, thin red 
arrows). Peri-implant radiolucency in those areas 
that interface between the prosthesis and the sur-
rounding bone (Gruen zones) are usually associ-
ated with prosthetic loosening, especially when 
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Figure 1: SPECT MIP image shows focal area of increased uptake in the left acetabulum (bold red 
arrow). Fused xSPECT images show zones of osteolysis and lucency bordering the acetabular cup 
(thin red arrows). Areas of osteolysis and increased uptake of tracer around the acetabular screw 
(bold red arrow on fused images) reflect loosening related to periprosthetic bone stress. 

the periprosthetic osteolysis is >2 
mm—as was the case with the acetab-
ular lucency seen on the SPECT/CT.

Osteolysis and increased uptake of 
99mTc MDP was visualized around the 
acetabular screw (bold red arrow); 
this reflected increased bone stress, 
secondary to screw loosening. Osteol-
ysis around the fixation screw is often 
the earliest and, probably, the most 
specific sign of loosening.

Reconstructed images of the upper 
part of the femoral shaft and the asso-
ciated part of the stem of the prosthe-
sis showed zones of lucency between 

the edge of the prosthesis and the 
adjacent proximal femoral bone (Fig-
ure 2, fused images, thin red arrows). 

Increase in peri-implant lucency in 
the femoral Gruen zones was associ-
ated with prosthetic loosening. The 
pattern of 99mTc MDP uptake adjacent 
to the acetabular screw, and at the 
edge of the stem of the femoral com-
ponent of the prosthesis, revealed 
loosening. The patient was advised 
revision arthroplasty. 

Comments
Pain is a common complication follow-
ing orthopedic surgery. Pain could be 

secondary to a variety of causes that 
are often difficult to distinguish clini-
cally and diagnostically. 

Due to metal artifacts found in MRI, 
bone overlays in X-ray and proximity 
to the tracer filled bladder in SPECT, 
assessing loosening of the hip compo-
nent can be very difficult.

The SPECT agent 99mTc MDP identified 
osseous pathologies and offered a 
severity grading in comparison to 
other regional uptakes, as well as in 
comparison with potential hyperemia/
inflammation/synovitis shown in the 
blood pool phase.

xSPECT Bone MIP SPECT/CT Fusion
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xSPECT Bone can help improve defini-
tion and lesion contrast of small focal 
areas of increased uptake, which are 
often seen in early prosthetic loosen-
ing, as was the case in this example.
 
The diagnostic CT component of SPECT/
CT allowed the evaluation and diagno-
sis of the osseous stress reactions and 
demonstrated non-hypermetabolic 
pathologies as foreign body granuloma, 
metallosis, foreign bodies, disc hernia 
or muscle degeneration (not visible in 
SPECT and in low-dose CT, and difficult 
to interpret by physicians not trained in 
musculoskeletal radiology).

Common causes are periprosthetic 
bone loss leading to joint instability, 
shear stress, head displacements and 

increased joint pressures. Debris from 
prosthetic joints produced by wear at 
the articulating surfaces may induce 
bone resorption (osteolysis) and forma-
tion of fibrous tissue. Typical findings of 
loosening of prosthetic hip joint include 
periprosthetic osteolysis; increased 
lucency in the Gruen zones, which are 
the interfaces between the prosthetic 
margin; and adjacent bone and scinti-
graphic evidence of shear stress 
reflected by hypermetabolism at focal 
areas like screws or edges of femoral 
prosthetic stem, or at the end of the 
femoral stem reflecting the instability 
and motion of the prosthetic joint. 

Typically, an osseous stress reaction is 
limited or reduced in the area of oste-
olysis in the proximal femur where 

Figure 2: SPECT MIP image shows mild linear increase in uptake in the upper third of the femo-
ral shaft and lesser trochanter. Fused xSPECT images show radiolucent zones between the 
margin of the prosthesis and adjacent bone (thin red arrows), with part of these zones show-
ing mild increase in uptake, which suggests bone stress related to loosening. 

the prosthesis can already move. 
These lucencies extend along the 
proximal femoral stem of the prosthe-
sis. And commonly, the osseous stress 
reaction is increased in the area of the 
still-fixed prosthesis around the mid 
or distal prosthesis. 

A typical pattern of skeletal scintigra-
phy in aseptic loosening of hip pros-
thesis (Kobayashi classification: Type 2 
minor uptake) is associated with minor 
uptake in the cup side, usually associ-
ated with the acetabular screw; and 
minor uptake in the stem, usually 
towards the end of the shaft of the 
femoral prosthesis. The two uptake 
patterns may coexist.1 In the present 
case, the scintigraphic pattern, the CT 
findings of increased lucency (>2mm) 

xSPECT Bone MIP
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The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

References:
	 1	 Kitajima et al. Eur J Nucl Med Mol Imaging. 2009; 36: 362-372.
	 2	Keogh et al. Am J Roentgenol. 2003 Jan; 180(1): 115-120.

	 *	Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo™*
SPECT

Injected Dose 600 MBq (16.22 mCi) 99mTc MDP

Scan Delay 3 hours

Acquisition 64 projections, 20 sec/stop

 

 
CT           Non-contrast diagnostic

Tube Voltage 110 kV
Tube Current 120 eff mAs

Slice Collimation 16 x 2.5 mm
Slice Thickness 3 mm

in the acetabular and the femoral 
Gruen zones2 contribute to the SPECT/
CT diagnosis of a loosening hip pros-
thesis. A combination of metabolic 
information of bone stress seen on 
SPECT and periprosthetic lucency 
defined on diagnostic CT enabled com-
prehensive evaluation of prosthetic 
loosening with SPECT/CT. 

Conclusion
The combination of a 3-phase bone 
scan, whole-body scan and diagnostic 
SPECT/CT with xSPECT Bone led to a 
whole-body coverage and comprehen-
sive evaluation of the target region, 
along with adjacent joints—all of 
which is key to evaluating pain syn-
dromes and the post-operative ortho-
pedic patient. 
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Improved Delineation by xSPECT 
Bone of Loosening of Femoral 
Component of Hip Prosthesis

By Xuan Pham, MD, and François Raymond, MD 

Data courtesy of CSSS de Gatineau, Hôpital de Hull, Hull, Canada

History
A 49-year-old man, who had a history of right 
total hip arthroplasty performed 3 years prior, 
presented with persistent pain in the affected 
right hip. Thus, the patient was referred to 
99mTc MDP bone SPECT/CT. The study was per-
formed 3 hours following an IV injection of 

500 MBq (13.5 mCi) of 99mTc MDP on a Sym-
bia Intevo™* 16 scanner. A non-contrast 
diagnostic CT (130 kV, 45 eff mAs, 2 mm 
slice thickness) was performed, followed by 
a SPECT acquisition (32 stops, 20 sec/stop). 
xSPECT Bone* reconstruction was per-
formed using CT-based zone information.

Figure 1: Comparison between maximum intensity projection (MIP) and multiplanar reformatting (MPR) images of 3D iterative 
reconstruction and xSPECT Bone shows focal area of increased uptake at the margins of the femoral component of the right hip 
prosthesis, with the highest uptake at the tip of the stem (bold arrows). There is also increased uptake in the region of the lesser 
trochanter (thin arrows). The femoral head and acetabulum show normal uptake. xSPECT Bone images show sharper definition of 
periprosthetic hypermetabolism as well as that of acetabular and pelvic cortical margins as compared to standard 3D iterative 
reconstruction images.

Case 2

xSPECT Bone
3D iterative reconstruction &

 CTAC
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Figure 3: CT shows peri-prosthetic radiolucent 
zones, enlarged Gruen zones (arrows). Fused 
xSPECT and CT images show increased uptake 
in the cortical bone adjacent to the stem of the 
femoral component of the prosthesis. The 
uptake pattern suggests loosening of the fem-
oral component. 

Figure 2: Comparison images show intense tracer uptake (bold arrows) around the stem of the femoral component of the total hip 
prosthesis. xSPECT Bone images also show thin translucent zones adjacent to the right lateral edge of the femoral component of the 
prosthesis (thin arrow) that reflects an enlarged Gruen zone. The uptake around the femoral component with highest uptake at the 
tip of the stem along with the peri-implant lucent zone suggests loosening of the femoral component.

xSPECT Bone
3DO

SEM
 &

 CTAV

CT xSPECT Bone xSPECT/CT
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Diagnosis
xSPECT Bone images (Figures 1 & 2) 
showed increased uptake around the 
stem of the femoral component of the 
hip prosthesis, with peri-implant trans-
lucent zones in the lateral aspect of 
the stem. CT showed peri-implant 
radiolucent zones (Gruen zones) espe-
cially in the shaft of the femoral com-
ponent at the trochanteric level. Fused 
images showed increased uptake 
throughout the stem of the femoral 
component, with very high uptake at 
the tip of the stem and in the lesser 
trochanter, which may reflect shear 
stress due to loosening. However, 

Figure 4: Axial slices through 
CT and fused CT and xSPECT 
Bone images at the level of 
the femoral head and lesser 
trochanter show absence of 
abnormal uptake around the 
acetabular cup, but increased 
uptake in the lesser trochan-
teric cortex that is adjacent 
to the stem of the femoral 
component of the prosthesis. 

infection of the prosthesis may also 
appear similar in bone SPECT.

The peri-implant zones of osteolysis 
and lucency and high uptake in the tip 
of the stem were in favor of loosening. 
Peri-implant radiolucency in areas that 
interface between the prosthesis and 
the surrounding bone (Gruen zones) is 
usually associated with prosthetic loos-
ening, especially when the peri-pros-
thetic radiolucency is >2 mm, as in this 
example. Since the pattern of uptake 
involving the entire stem of the femo-
ral part of the prosthesis may also be 
found in infection, the patient was 

referred for a 111In-labelled WBC SPECT/
CT study for infection imaging, even 
though the radiological impression 
from xSPECT Bone was more in favor 
of loosening. 

Comments
Loosening of hip prosthesis is a com-
mon complication after total hip 
arthroplasty, and SPECT/CT is often 
helpful in differentiating between 
loosening and infection. 99mTc MDP 
bone SPECT/CT often demonstrates a 
typical pattern of focal increase in 
uptake around loosened screws or at 
the tip of the stem reflecting the 

CT xSPECT/CT
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The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

	 *	 Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo
SPECT

Injected Dose 500 MBq (13.5 mCi) 99mTc MDP

Scan Delay 3 hours

Acquisition 32 stops, 20 sec/stop

 

 
CT  

Tube Voltage 130 kV
Tube Current 45 eff mAs

Slice Collimation 16 x 1.2 mm
Slice Thickness 2 mm

abnormal prosthetic movements, due 
to laxity of the joint. The CT findings of 
enlarged radiolucent zones at the 
interface of the prosthesis and bone 
(enlarged Gruen zones) also supported 
the diagnosis of prosthetic loosening.

Infection of the prosthetic joint often 
shows a diffuse increase in uptake 
around the prosthesis and infection 
imaging and scintigraphy using 
labelled leucocytes or other infection 
imaging agents are helpful in differ-
entiation. In the present case, the 
xSPECT Bone study showed increased 
uptake throughout the stem, but 

there was clear visualization of 
enlarged Gruen zones and focal 
increase in the tip of the stem over 
and above the general hypermetabo-
lism around the stem. These findings 
are more in favor of loosening, 
though infection imaging was 
requested to confirm absence of 
prosthetic infection.

Conclusion
xSPECT Bone showed sharp definition 
of periprosthetic uptake compared to 
standard 3D iterative reconstructions 
and clear visualization of the peri-im-
plant radiolucent Gruen zones, which 

had even better definition on fused 
images. xSPECT Bone thus guides the 
radiologist towards the diagnosis of 
loosening which when confirmed 
would require revision arthroplasty.  
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Sharp Delineation of Loosening of 
Lumbar Vertebral Stabilization 
Screw with xSPECT Bone

By Partha Ghosh, MD, Molecular Imaging Business Unit, Siemens Healthcare 

 Data courtesy information on file

History
A 73-year-old female, who had a history of spi-
nal surgery, underwent a spinal fusion per-
formed at the L3-L4-L5 level. An anterior lumbar 
interbody fusion (ALIF) with interbody PEEK 
cage insertion in the L3-L4 and L4-L5 interverte-
bral disc space was performed along with bilat-
eral insertion of posterior pedicle screws in the 
L3, L4 and L5 vertebrae. One year after the spi-
nal fusion surgery, the patient still complained 
of persistent pain. Clinical possibilities included 

screw loosening, broken spinal screw or rod, or 
nerve root compression. The patient underwent 
99mTc MDP bone SPECT/CT to evaluate the status 
of vertebral fusion. The study was performed 3 
hours following an IV injection of 925 MBq (25 
mCi) 99mTc MDP. A non-contrast diagnostic CT 
was performed, followed by SPECT acquisition 
(32 stops, 20 sec/stop). xSPECT Bone* recon-
struction was performed using CT-based zone 
maps. xSPECT Bone reconstructions were fused 
with diagnostic CT for evaluation.

Case 3

Figure 1: Anterior maximum inten-
sity projection (MIP) and orthogonal 
multiplanar reconstruction (MPR) 
images of 3D iterative reconstruc-
tion and xSPECT Bone compared at 
similar slice levels show xSPECT 
Bone demonstrating sharper delin-
eation of increased uptake of tracer 
around the shaft of the right lower 
spinal screw inserted to the body L5 
vertebrae. The pattern of uptake 
strongly suggests loosening of the 
right side L5 screw.  Uptake intensity 
is lower around the screws inserted 
to the right L4 and L3 vertebrae, sug-
gesting the principal loosening was 
at the L5 level. The corresponding 
screws on the left side in the L3, L4 
and L5 vertebras show much lower 
intensity of uptake, suggesting that 
instability secondary to loosening 
was primarily affecting the right 
side. xSPECT Bone sharply defines 
the shaft of the screws and the lin-
ear uptakes adjacent to the screws, 
which helps clearly localize the site 
and severity of stress reaction sec-
ondary to loosening. 

xSPECT Bone
3D iterative reconstruction 

&
 CTAC
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Figure 2: Comparison images at 
the level of the right-sided spinal 
screws and axial section through-
screw in L4 vertebrae show linear 
increase in uptake throughout the 
entire length of the right L5 
screw. However, the hypermetab-
olism is predominantly at the pos-
terior end of the right L4 screw. 
This suggests principal loosening 
at the right L5 screw level, with 
reactive hypermetabolism due to 
instability arising from the loosen-
ing at the right L4 and L3 screw 
levels. xSPECT Bone shows 
sharper definition of uptake at the 
screw level along with clear out-
lines of the screw shaft. 

Figure 3: Posterior, oblique 
and lateral views of the MIP 
of xSPECT Bone and CT show 
the increased hypermetabo-
lism and the corresponding 
right lower lumbar screw. 

xSPECT Bone
3D iterative reconstruction 

&
 CTAC
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Figure 4: CT, xSPECT Bone and 
fused images show maximum 
hypermetabolism around the 
right L5 fixation screw, along 
with reactive hypermetabolism 
in the posterior ends of the 
right L4 fixation screw. Note 
the absence of significant 
uptake in the left L3 and L4 
screws and only minor uptake 
in the left L5 spinal fixation 
screw, which reflects lower 
level of instability affecting the 
left-sided screws. 

Figure 5: Posterior view of 
xSPECT Bone MIP shows 
increased uptake in the right-
sided L5 screw along with reac-
tive uptake in the right L4 and L3 
screws. CT and fusion of CT and 
xSPECT Bone at different levels 
within the L5 vertebral body 
delineate the entire length of the 
right L5 screw and show peripros-
thetic linear increased uptake 
that is typical of loosening. 

CT

xSPECT MIP

xSPECT/CT

CT

xSPECT

xSPECT/CT
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Diagnosis
As delineated by the CT and fused CT 
and xSPECT Bone images (Figures 1-5), 
the increased uptake of 99mTc MDP 
around the right L5 pedicular loosen-
ing of the screw, along with resultant 
instability of the L4-L5 vertebral inter-
face at the articular facet levels, led 
to hypermetabolism in the posterior 
aspect of the right L4 screw as well. 
The interbody spacer between L4-L5 
and L3-L4 did not show increased 
uptake, which suggested adequate 
fusion of adjacent vertebral bodies.

Compared to standard 3D iterative 
reconstruction, xSPECT Bone sharply 
defined the linear increase in uptake 
around the entire length of the right 
L5 screw along with highlighting the 
screw shaft, which suggested loosen-
ing. The uptake level and location at 
the posterior end of the right L4 screw 
was also reflective of the secondary 
effect of the resultant instability due to 
the L5 screw loosening. xSPECT Bone 
was helpful in sharp and exact localiza-
tion of the increased uptake in the 
posterior end of the right L4 screw. 
The left-sided screws did not show 
increased uptake, except for that in 
the L5 vertebrae, which is a reactive 
change to the instability. 

In view of the SPECT/CT findings, the 
patient was referred for re-surgery 
with modification of the spinal stabili-
zation procedure with bone grafting. 

Comments
Bone SPECT/CT is uniquely suited to 
evaluate failure of spinal fusion and 
assess prosthetic loosening, infec-
tions, instability stress and fractures. 
Rager et al.1 performed bone SPECT/
CT in 10 patients with failed lumbar 
fusion with recurrence of back pain 
and suspicion of pseudoarthrosis on 
conventional imaging. The presence 
of screw-loosening, the non-union 
around the intervertebral disc cage 
or spacers, and the facet joint degen-

eration were all assessed for pseudo-
arthrosis. Screw-loosening seen on 
CT was always associated with abnor-
mal uptake on SPECT/CT. Non-union 
around the intervertebral disc cages 
seen on CT was often not associated 
with hypermetabolism, which 
reflected failure of bone graft func-
tioning. SPECT/CT was far more accu-
rate than CT in defining facet joint 
hypermetabolism related to vertebral 
instability. Based on SPECT/CT, 6 of 
10 patients underwent surgical 
re-intervention.

In another study involving 37 
patients suffering from lower back 
pain after lumbar fusion surgery,2 
SPECT/CT reclassified 45% of the 
cases when compared with planar 
and SPECT bone scintigraphy. The 
reclassification rate was nearly 50% 
for patients diagnosed as metal loos-
ening and insufficient stabilizing 
function of the metal implants indi-

cated by metabolically active facet 
joint arthritis and/or intervertebral 
osteochondrosis. The authors con-
cluded that SPECT/CT should be the 
procedure of choice for evaluation of 
back pain following lumbar fusion. 

Conclusion
In the present case, there was peri-
prosthetic lucency around the right L5 
screw seen on CT, more towards the 
posterior aspect which was sugges-
tive of loosening. However, the pat-
tern and intensity of hypermetabolism 
involving the entire length of the 
screw shaft was typical of loosening 
and reflected the extent of instability 
as well as the effect on the adjacent 
screws in L4 and L3 vertebrae. xSPECT 
Bone in combination with diagnostic 
CT thus provided comprehensive 
information on the morphological and 
functional impact of the loosening of 
the spinal stabilization screw and 
helped guide surgical intervention. 

The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

References:
	 1	 Rager et al. Clin Nucl Med. 2012, Apr. 37(4): 339-343.
	 2	Sumer et al. Nucl Med Commun. 2013, Oct. 34(10) : 964-970.

	 *	Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo™*
SPECT

Injected Dose 925 MBq (25 mCi) 99mTc MDP

Scan Delay 3 hours

Acquisition 32 stops, 20 sec/stop

 

 
CT      Non-contrast diagnostic

Tube Voltage  110 kV

Tube Current  100 eff mAs

Slice Collimation  16 x 1.2 mm

Slice Thickness  2 mm
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Delineation of Periprosthetic 
Fissure in a Patient with 
Intramedullary Nail Implantation 
Using xSPECT Bone
By Christian Waldherr, MD, and Martin Sonnenschein, MD

Data courtesy of the Department of Radiology & Nuclear Medicine, Klinik Engeried, Bern, Switzerland

History
A 45-year-old man with a history of intramedul-
lary nail implantation presented with pain in the 
mid-thigh. Clinical suspicion included broken 
nail or loosening. Periprosthetic fracture or 
infection also were suggested as possibilities. 
X-rays did not show significant cortical abnor-
mality. In view of a possible periprosthetic frac-
ture, a 3-phase bone scintigraphy, followed by a 
SPECT/CT of the foot was performed on a Sym-
bia Intevo™* scanner.

Initial planar dynamic and blood pool images 
were acquired immediately following an IV 
injection of 600 MBq (16.22 mCi) 99mTc MDP. 
Planar whole-body and SPECT/CT acquisition of 
the thigh were performed 3 hours post injec-
tion. Following a thin slice diagnostic CT (110 
kV, 120 mAs CareDose) SPECT was acquired with 
32 stops per detector at 20 sec/stop. xSPECT 
Bone* reconstruction was performed using 
CT-based zone information. xSPECT Bone data 
was fused with the CT for a final evaluation.

Figure 1: Initial blood pool 
images show no abnormal 
blood pool activity in the 
thigh. Delayed planar images 
show a focal area of mildly 
increased uptake in the lateral 
aspect of the cortex of the 
middle left femur.

Case 4

Blood Pool Phase

R ANT L L POST R
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Figure 2: xSPECT Bone maximum 
intensity projection (MIP) shows a 
focal area of increased uptake in 
the lateral cortex of the middle of 
the shaft of the left femur. CT 
shows irregular callus formation in 
the involved femoral cortex 
(arrows). xSPECT- and CT-fused 
images show increased uptake of 
tracer that exactly corresponds to 
the slightly radiodense callus for-
mation. The pattern of uptake and 
CT findings suggest a healing sub-
acute periprosthetic fissure. 

Diagnosis
Initial dynamic images showed an 
absence of significant blood pool 
activity, thereby ruling out infection. 
xSPECT Bone and CT findings sug-
gested a subacute periprosthetic fis-
sure in the lateral cortex of the middle 
shaft of the left femur, possibly cre-
ated due to cortical stress during 
implantation of the intramedullary 
nail. The degree of callus formation in 
the lateral cortex suggested significant 
healing of the fissure. There was an 
absence of tracer uptake in the end of 
the intramedullary nail or along the 
nail shaft, which suggested an 
absence of osseous stress associated 
with loosening. The absence of signifi-
cant radiolucency between the margin 
of the intramedullary nail and the 
adjacent cortex also suggested an 
absence of significant loosening. The 
intramedullary nail appeared intact. 
There was no soft tissue abnormality 
seen on CT around the femur. xSPECT 
Bone and fused images confirmed the 
presence of healing periprosthetic fis-
sure, and ruled out other potential 
considerations like loosening or infec-
tion. In view of the active healing of 
the fissure determined on SPECT/CT, 
the patient was treated conservatively. 

Comments
Periprosthetic fissures are cracks in the 
bony cortex, commonly arising in the 

shaft of long bones during rasping of 
the medullary canal prior to prosthesis 
insertion. As the prosthesis is inserted, 
these fissures gape open. Cemented 
prosthesis implantation may lead to 
penetration of cement within these fis-
sures, which can permanently prevent 
repair and remodeling of the fissure. 
When an uncemented prosthesis is 
used, spontaneous healing of the bony 
crack with callus formation usually 
occurs, resulting in closure of the fissure 
by 6 months following the prosthesis 

insertion. In the present case, the 
degree of healing of the fissure shown 
by the callus formation at the fissure site 
reflected the uncemented nature of the 
intramedullary nail insertion. 

Conclusion
xSPECT bone showed sharp delineation 
of focal cortical uptake at the fissure 
site, which co-registered exactly with 
the callus on CT. Improved definition of 
cortical uptake with xSPECT Bone should 
help earlier detection of such lesions. 

The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

	 *	Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo
SPECT

Injected Dose 600 MBq (16.22 mCi) 99mTc MDP

Scan Delay 3 hours

Acquisition 64 projections, 20 sec/stop
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Slice Collimation 16 x 2.5 mm
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Delineation of Pseudoarthrosis 
Secondary to Sacrococcygeal 
Fracture by xSPECT Bone

By Christian Waldherr, MD, and Martin Sonnenschein, MD

Data courtesy of the Department of Radiology & Nuclear Medicine, Klinik Engeried, Bern, Switzerland

History
A 45-year-old man presented with long-standing 
sacral pain. The pain began after the patient fell 
on his back. X-rays and MRI did not reveal any 
abnormal findings. The patient underwent 99mTc 
MDP bone SPECT/CT performed on a Symbia 
Intevo™* scanner. Planar whole-body and SPECT/
CT acquisition of pelvis was performed 3 hours 

post injection (600 MBq [16.22 mCi] 99mTc MDP). 
Following a thin-slice diagnostic CT (110 kV, 120 
mAs CareDose), SPECT was acquired with 32 
stops per detector at 20 sec/stop. xSPECT Bone* 
reconstruction was performed using CT-based 
zone information. xSPECT Bone data was fused 
with the CT for a final evaluation.

Figure 1: Maximum intensity 
projection (MIP) of xSPECT 
Bone shows focal area of 
intense uptake of 99mTc MDP in 
the coccyx (black arrow). CT 
images show a fracture involv-
ing the entire antero-posterior 
dimension of the coccyx with 
associated sclerosis (white 
arrows), with intense hyperme-
tabolism, at the fracture site on 
the fused images. xSPECT Bone 
fused with CT shows exact 
co-registration of the focal 
uptake to the coccygeal mar-
gins. The uptake is also pre-
dominantly to the left, but 
crossing the mid-line, as seen 
in the coronal and axial fused 
images, which suggests a par-
tial coccyx fracture following 
the fall. The intensity of the 
uptake and its location at the 
middle of the coccyx suggests 
pseudoarthrosis of a non-dislo-
cated coccygeal fracture. 

Case 5
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Figure 2: Sagittal reconstruction of thin-slice CT shows oblique fracture line through the mid-coc-
cyx, with mild sclerosis at the fracture line. Fusion of xSPECT Bone and CT shows focal hyperme-
tabolism exactly at the fracture line, with highest uptake intensity posteriorly. 

Diagnosis
CT showed a well-delineated, slightly 
oblique fracture of the coccyx at its 
middle, and with mild sclerosis at the 
fracture site. The fusion of xSPECT 
Bone and CT showed intense hyperme-
tabolism, which exactly matched the 
fracture site, predominantly to the left, 
and suggested a partial coccygeal frac-
ture with pseudoarthrosis—which 
caused increased bone turnover at the 
fracture site associated with pain. In 
absence of any other bony or soft tis-
sue pathology, the diagnosis was that 
of pseudoarthrosis of a non-displaced 
coccygeal fracture. The patient was 
referred for local analgesic and gluco-
corticoid injection. 

Comments
Pain in the coccyx (coccydynia) is an 
uncommon case of pain following falls 
on the back. Sacrococcygeal disloca-
tion and coccygeal fracture are com-
mon causes. In the present case, a 
fracture involving the mid-coccyx led 
to formation of pseudoarthrosis with 
abnormal movement of one coccygeal 
fragment against another, leading to 
intense skeletal hypermetabolism visu-
alized on the xSPECT Bone images. 

Conclusion
xSPECT Bone showed sharp definition 
of focal coccygeal uptake with high 
contrast, along with sharp delineation 
of the sacral and lumbar spine uptake. 
Exact co-registration of the CT and 
xSPECT Bone at the margins of the coc-
cygeal fracture visualized on the fused 
images reflected the high resolution of 
xSPECT Bone. 

The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

	 *	Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo
SPECT

Injected Dose 600 MBq (16.22 mCi) 99mTc MDP

Scan Delay 3 hours

Acquisition 64 projections, 20 sec/stop
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Evaluation of Infection in Tibial 
Fracture Site with 99mTc-labelled 
Antigranulocyte Antibodies and 
SPECT/CT with xSPECT Quant

By Partha Ghosh, MD, Molecular Imaging Business Unit, Siemens Healthcare

Data courtesy of the Department of Nuclear Medicine, Bundeswehrkrankenhaus Ulm, Ulm, Germany

History
A 74-year-old female had an open comminuted 
fracture of the upper left part of the tibia. The 
fracture was treated with surgical reduction and 
internal fixation. Flap reconstruction surgery was 
performed on the surface wound. The tibial pla-
teau fracture was treated with internal fixation 
using a dual plate. Prior to surgery, the patient 
experienced persistent pain, wound discharge 
and non-union of the fracture fragments. Suspi-
cious of osteomyelitis of the tibial fracture frag-
ments, the patient underwent infection imaging 
using 99mTc-labelled antigranulocyte antibodies 
and SPECT/CT. The study was performed on Sym-

bia Intevo™*, using xSPECT Quant* for absolute 
quantification of tracer uptake.

760 MBq (20.54 mCi) of 99mTc antigranulocyte 
antibodies (Fab’ sulesomab; antigen NCA-90) 
were injected. Initial dynamic and planar blood 
pool acquisitions were performed. SPECT/CT 
acquisition was performed at 1, 5 and 24 hours 
following the injection. Low-dose diagnostic CT 
was performed, followed by SPECT acquisition (32 
stops per detector, 30 sec/stop). xSPECT Quant 
reconstructions were fused for evaluation. SUVmax 
values were obtained using xSPECT Quant and 
were compared across 5- and 24-hour acquisitions.

Figure 1: CT and fused SPECT/
CT images show multiple 
inhomogeneous focal areas of 
accumulation of 99mTc-labelled 
antigranulocyte antibodies 
within the tibial head, which 
corresponds with the small 
sclerotic bone fragments and 
metal plates of the internal 
fixation device (especially the 
plate passing through the 
upper end, just below the tib-
ial condylar surfaces and 
intercondylar cleft). CT 
demonstrates small fracture 
fragments within the upper 
end of the tibia with internal 
fixation plates.

Case 6

Non-attenuation- 
corrected SPECT MIP

xSPECT Quant 
reconstruction
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Figure 2: Coronal CT and 
fused SPECT/CT slices 
demonstrate the extent of 
accumulation of 99mTc-la-
belled antigranulocyte 
antibodies within the tibial 
plateau, fracture frag-
ments and internal fixation 
plates—which suggests an 
active infection.

Diagnosis
SPECT/CT images (Figures 1-3) showed 
focal areas of intense inhomogeneous 
accumulation of 99mTc-labelled anti-
granulocyte antibodies within the frac-
ture fragments, in the proximal end of 
the left tibia and the internal fixation 
plates (especially the intercondylar 
plate). The uptake pattern suggested 
an active osteomyelitis. Absolute 
quantification of tracer uptake on 
SPECT was performed using xSPECT 
Quant, and the SUVmax of different 
focal areas of tracer uptake were com-
pared across the 5- and 24-hour 
SPECT/CT acquisitions.

Two main focal areas of uptake 
within the tibial plateau fracture (Fig-

ure 4) showed an SUVmax of 2.12 and 
2.61, respectively, in the study per-
formed 5 hours after tracer injection. 
In the study acquired 24 hours fol-
lowing tracer injection, the SUVmax 
increased to 4.43 and 4.56, respec-
tively. This significant increase sug-
gested a progressive accumulation 
of radiolabelled antigranulocyte 
antibodies and reflected an active 
infection (osteomyelitis). 

Due to the active osteomyelitis, the 
patient underwent a revision arthro-
plasty with complete removal of all 
metal internal fixation plates; resection 
of the majority of the proximal tibia, 
including the condyles; and replace-
ment of the proximal tibia, using a gen-

tamicin impregnated bone cement 
spacer and an external fixation of the 
femoral and tibial shafts. Once the 
bone was no longer infected, a delayed 
arthrodesis was planned. Microbiologi-
cal evaluation of the resected tibial 
bone fragment demonstrated propioni-
bacterium acnes infection. 

Comments
Scintigraphic imaging for a bone 
infection with radiolabelled leuco-
cytes or 99mTc-labelled antigranulo-
cyte antibodies has been widely used. 
With improved localization of infec-
tive foci, SPECT/CT has shown to be 
effective. 99mTc-labelled leucocyte 
SPECT/CT demonstrated 87% sensitiv-
ity and 71% specificity in demonstrat-
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Figure 3: SPECT maximum intensity projection (MIP) and a volume rendering of CT show the dual plates of the internal fixation holding multiple 
fracture fragments in the tibia’s upper end. Volume rendering of fused SPECT/CT shows intense uptake of 99mTc-labelled antigranulocyte antibodies 
in the region of the fracture fragments and internal fixation plates. This suggests an active infection throughout the entire proximal end of the tibia. 

ing osteomyelitis in patients with dia-
betic foot ulceration.1 Since 
leucocytes migrate to sites of infec-
tion, there is a rationale for compar-
ing intensity of radiolabelled leuco-
cyte accumulation between early 
(4- to 6-hour) and late (20- to 
24-hour) images with the expectation 
that active infection would show pro-
gressive increase in uptake intensity. 
Larikka et al.2 demonstrated higher 
sensitivity, specificity and positive 
predictive value of late (24 hours) 

imaging with 99mTc HMPAO-labelled 
leucocytes in 64 patients with sus-
pected infection in hip prosthesis. 
Late infection imaging showed a sen-
sitivity of 83% and specificity of 100% 
compared to that of early imaging 
(sensitivity 50%; specificity 90%).

In this patient, there was a visual 
increase in uptake-intensity at the 
infection site in the proximal tibia 
between the 5- and 24-hour image. 
However, SUVmax obtained with xSPECT 

Quant demonstrated quantitative 
increases in uptake intensity of more 
than 100%. For example, SUVmax in one 
infective foci increased from 2.12 at 5 
hours to 4.43 at 24 hours.

Conclusion
The xSPECT Quant method of abso-
lute quantification of tracer uptake is 
new to SPECT and proves to be a valu-
able technique supporting the diag-
nosis of infections as well as help 
assess therapy response. 
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Figure 4: SUVmax comparison of uptake in the proximal end of the left tibia between 5- and 
24-hour acquisitions shows a significant increase in SUVmax with time. 

The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

References:
	 1	 Przybylski et al. Int Wound J. 2014, Jun 26.
	 2	 Larikka et al. EJNM. 2001. 28: 288-293.

	 *	Symbia Intevo 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.

Examination Protocol

Scanner: Symbia Intevo
SPECT

Injected Dose 20.54 mCi (760 MBq) 99mTc 
antigranulocyte antibodies

Scan Delay 5 & 24 hrs post injection

Acquisition 64 projections, 30 sec/stop
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Tear of Acetabular Labrum 
Delineated with xSPECT Bone

By Xuan Pham, MD, and François Raymond, MD

Data courtesy of CSSS de Gatineau, Hôpital de Hull, Hull, Canada

History
A 24-year-old soccer player presented with pain in 
the right hip and groin. X-rays did not show a 
clearly defined abnormality. Therefore, the patient 
underwent a 99mTc MDP bone SPECT/CT to define 
active pelvic skeletal pathology. The study was per-

formed on a Symbia Intevo™* 16 scanner, 3 
hours following an IV injection of 13.5 mCi (500 
MBq) of 99mTc MDP. A low-dose CT study was fol-
lowed by the SPECT study, using 32 stops at 20 
sec per stop. xSPECT Bone* reconstructions were 
performed using CT-based zone maps. 

Figure 1: Comparison 
images of maximum inten-
sity projection (MIP) and 
multiplanar reconstruction 
(MPR) images of 3D iterative 
reconstruction and xSPECT 
Bone show increased con-
trast and sharper definition 
of focal uptake in the right 
acetabular labrum. The cor-
tical uptake in the femoral 
head, neck and trochanter, 
acetabular margins, and the 
iliac crest is sharply defined 
on xSPECT Bone, when com-
pared to standard 3D itera-
tive reconstructions. 

Case 7
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Figure 2: CT, xSPECT Bone and fused CT and 
xSPECT Bone show increased uptake of tracer in 
the right acetabular labrum (arrows), which also 
shows irregularities in the acetabular margin 
and small bony fragments of the acetabular 
labrum, suggestive of an acetabular labral tear. 

Figure 3: MIP of xSPECT Bone and volume ren-
dering of xSPECT/CT data show focal uptake of 
99mTc MDP at the antero-superior aspect of the 
acetabulum and the adjacent anterolateral 
femoral head. The contralateral acetabulum 
appears normal. 

Figure 4: Coronal and axial CT and volume ren-
dering of the hip joint shows fragment of ace-
tabular labrum, clearly defining the labral tear. 
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Figure 4: Serial coronal slices of CT and fusion of CT and xSPECT Bone show a tear of the right acetabular labrum and corresponding hyperme-
tabolism in the torn acetabular labrum and adjacent femoral head. The CT images show femoro-acetabular impingement of the cam type, 
with the superior acetabular labral edge impinging on the adjacent superior femoral head surface with resultant localized hypermetabolism. 

Diagnosis
The CT showed a tear of the acetabu-
lar labrum with the torn labral frag-
ment clearly defined on CT separate 
from the labral margin (Figures 4 & 5, 
arrows). The CT appearance of the 
labral tear suggested that it was a 
type I tear,1 the detachment of the 
labrum from the articular surface 
occurring at the transition zone 
between the fibrocartilage of the 
labrum and the articular cartilage. 
Some cystic spaces within the labral 
fibrocartilage were also visualized on CT. 

The CT image suggested a femoro-ac-
etabular impingement of the right 
hip with the free edge of the ante-
ro-superior acetabular labrum 

impinging onto the adjacent femoral 
head. In this patient, the repeated 
impingement of the labral edge on 
the femur’s head, due to hip joint 
movement, was the cause of the ace-
tabular labral tear. Fused CT and 
xSPECT Bone clearly demonstrated 
the tear and the functional impact 
related to hypermetabolism in the 
tear and in the site of impingement, 
the adjacent femoral head. 

The patient was referred for an 
arthroscopic repair of the torn ace-
tabular labrum. 

Comments
Hip pain in young adults, especially 
those involved in sports, is commonly 

associated with acetabular labral 
tears. 80% of acetabular labral tears 
are associated with femoro-acetabular 
impingement2 in which the free edge 
of the acetabular labrum cannot glide 
over the adjacent femoral head, but 
impinges on it. The impingement usu-
ally happens because the labrum is 
either too short to adequately cover 
the larger abnormally shaped femoral 
head (cam impingement), or too long, 
so as to over cover the femoral head 
and create abnormal contact with the 
femoral neck with extreme rotation of 
the hip (pincer impingement).

The patient in this study appeared to 
have a cam impingement, as seen on 
the CT. A tear of the labrum is related 

CT

xSPECT/CT
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The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

References:
	 1	 Seldes et al. Clin Orthop. 2001; 382: 232–240.
	 2	Matar et al. Clin Orthop Relat Res. 2009; 467: 676–681.

	 *	Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo
SPECT

Injected Dose 500 MBq (13.5 mCi) 99mTc MDP

Scan Delay 3 hours

Acquisition 32 stops, 20 sec/stop

 

 
CT  

Tube Voltage  130 kV
Tube Current  45 eff mAs

Slice Collimation  16 x 1.2 mm
Slice Thickness  2 mm

to repeated impingement with 
extreme hip rotation, which is likely 
in a soccer player, and leads to avul-
sion of the labrum from the acetabu-
lar articular cartilage. SPECT/CT is 
sensitive in detecting acetabular 
labral lesions related to femoro-ace-
tabular impingement. Matar et al.2 
evaluated 25 patients using 99mTc 
MDP bone SPECT—all of whom were 
suspected for femoro-acetabular 
impingement because each had hip 
pain for over 6 months and demon-
strated signs of positive impingement 
and radiographic evidence, including 
α angle higher than 65 degrees. A 
positive SPECT scan was defined as 
increased uptake at the antero-supe-
rior aspect of acetabulum, the adja-
cent femoral head and femoral head/
neck junction. SPECT was 84.7% sen-
sitive and 62.5% specific in identify-
ing femoro-acetabular impingement. 
A final diagnosis was based on radio-
graphic and clinical findings. In some 
patients the contralateral hip also 
showed acetabular hypermetabolism 
without any symptoms, and in one 
patient, the contralateral hip devel-
oped progressive pain. Therefore, 
SPECT was also able to identify 
pre-symptomatic femoro-acetabular 
impingement in the contralateral hip. 

Conclusion
xSPECT Bone clearly and sharply 
defined the focal hypermetabolism in 
the labrum, which exactly corre-

sponded to the region of the labral 
tear in the antero-superior free edge 
and the adjacent femoral head 
impinging on the labrum. xSPECT 
Bone demonstrated higher contrast 
and sharper definition of the uptake 
in the labral tear and adjacent femo-
ral head surface compared to stan-
dard 3D iterative reconstructions. The 
definition of the uninvolved bone 
including the rest of the acetabular 

surface, femoral head and neck, and 
iliac crest was much sharper, demon-
strating higher resolution and clear 
definition of skeletal metabolic activ-
ity with xSPECT Bone, compared to 
3D iterative reconstruction. Fusion of 
CT and xSPECT Bone was also exact 
with perfect co-registration of the 
labral tear with increased uptake, 
thereby confirming the impact of 
the impingement and labral tear. 
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Delineation of Pathological 
Fracture in Lower End of Femur 
Using xSPECT Bone

By Partha Ghosh, MD, Molecular Imaging Business Unit, Siemens Healthcare 

Data courtesy of Associate Prof. Michael Hofman, Peter MacCallum Cancer Centre, Melbourne, Australia

History
A 62-year-old female with newly diagnosed 
breast carcinoma underwent a 99mTc MDP bone 
scan for initial staging. Since there was abnor-
mal uptake in the knee joint, the SPECT/CT study 
followed the initial planar images. The study 

was performed on a Symbia Intevo™* 16 scan-
ner, 3 hours following an IV injection of 20 mCi 
(740 MBq) of 99mTc MDP. A low-dose CT study 
was followed by the SPECT study, using 32 stops 
at 20 sec/stop. xSPECT Bone* reconstructions 
were performed using CT-based zone maps. 

Figure 1: Comparison between 3D 
iterative reconstruction and xSPECT 
Bone shows sharp delineation of 
increased uptake around the cortex 
of the lower end of the left femur’s 
shaft and extending into the femo-
ral condyles. A small focal uptake 
in the anterolateral part of the left 
condyle (arrows), clearly delin-
eated on xSPECT Bone, but not 
clearly discernible on 3D iterative 
reconstruction, reflects the uptake 
within the fracture fragment. The 
central hypodense area in the 
lower part of the shaft and upper 
condylar region is sharply delin-
eated on xSPECT Bone. 

Case 8
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Figure 2: CT and SPECT/CT show an ill-circum-
scribed mass in the lower end of the left femo-
ral shaft, with minor sclerosis and cortical ero-
sion around it (thin arrows), and increased 
osteoblastic activity shown around the mass 
corresponding to the zone of cortical erosion 
(thin arrows). There is also an undisplaced 
fracture in the anterolateral edge of the lateral 
condyle (thick arrow), with well-defined frac-
ture lines seen on CT and a small fracture frag-
ment just below the fractured cortical rim. 
Fusion of xSPECT and CT shows sharp delinea-
tion of the increased uptake in the cortical 
bone involving the undisplaced fracture, which 
involves the lateral patellar facet, but does not 
extend into the knee or lateral patella-femoral 
joint space. The smaller fracture fragment just 
below the cortical rim also shows high uptake 
on xSPECT Bone, reflecting the increased bone 
turnover in that segment.

Diagnosis
The xSPECT Bone study showed an 
ill-circumscribed soft tissue mass in 
the lower end of the left femoral 
shaft, extending into the condylar 
region with erosion of spongy and 
cortical bone around the mass, which 
suggested a metastatic process (Fig-
ures 1 & 2). Although breast carci-
noma is associated with lytic bone 
metastases, the CT appearance within 
the mass was similar to that of nor-
mal spongy bone in the opposite 
femur, and xSPECT Bone shows rela-
tive hypointensity compared to the 
increased osteoblastic activity in the 
region of cortical erosion. Those fea-
tures suggested early metastases 
without a well-defined lytic process. 
There was also an undisplaced frac-
ture of the anterolateral part of the 
lower end of the femoral shaft, 
involving the upper and anterior part 
of the lateral condyle, which is sec-
ondary to the metastatic mass. The 
fracture involved the lateral patellar 
facet, but did not extend to the lat-
eral patella-femoral joint space. The 
posterior patellar surface showed 
mild increased osteoblastic activity, 
likely related to disuse of the knee 
joint and pain and immobilization. 

Comments
xSPECT Bone showed sharply delin-
eated uptake in the fracture fragments 
and involved cortex, and in the mar-

The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

	 *	Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo
SPECT

Injected Dose 20 mCi (740 MBq) 99mTc MDP

Scan Delay 3 hours

Acquisition 32 stops, 20 sec/stop

 

 
CT  

Tube Voltage 130 kV
Tube Current 24 eff mAs

Slice Collimation 16 x 2.5 mm
Slice Thickness 3 mm

gins of erosion around the soft tissue 
mass, in comparison to the 3D itera-
tive reconstruction images (Figure 1). 
Sharp delineation of the uptake with 
xSPECT Bone led to more accurate 
co-registration of increased osteoblas-
tic activity with CT abnormalities like, 
for example, the small hypermetabolic 
fracture fragment lying just below the 
cortical rim. In view of the presence of 
a malignant erosive lesion in the lower 
end of the femur that was causing the 
pathological fracture, the patient was 
subjected to chemotherapy with sub-

sequent plans of local radiation 
along with plans of stabilization of 
the joint in order to allow weight 
bearing activity.

Conclusion
xSPECT Bone provided sharp delinea-
tion and higher contrast, which 
helped define the fracture fragments 
secondary to soft tissue metastases in 
the lower end of the femoral shaft, with 
improved co-registration and correla-
tion with CT findings, especially of 
undisplaced fracture fragments. 

CT

xSPECT/CT
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Talar Cyst with Insufficiency 
Fracture Following Ankle Surgery 
Defined by xSPECT Bone

By Christian Waldherr, MD, and Martin Sonnenschein, MD

Data courtesy of the Department of Radiology & Nuclear Medicine, Klinik Engeried, Bern, Switzerland

History
A 49-year-old male, who had a history of right 
ankle instability and was treated 8 years back with 
lateral ankle reconstruction and fixation using a 
free tendon graft implant through a tunnel drilled 
laterally through the talus and the fibula, returned 
to complete weight bearing activity, but with 
occasional ankle pain. The pain had worsened and 
weight bearing activity became difficult. The 
patient underwent an MRI of the right ankle, 
which suggested a fractured talus cyst. To better 

evaluate the condition of the ankle bones, the 
patient underwent a 99mTc MDP SPECT/CT study.

The study was performed 3 hours  following an 
IV injection of 600 MBq (16.22 mCi) of 99mTc 
MDP. The initial planar study was  followed by 
SPECT/CT acquisition. A non-contrast diagnostic 
CT was performed followed by SPECT acquisition 
(32 stops per detector, 20 sec/stop). xSPECT 
Bone* reconstruction was performed using 
CT-based zone information.

Case 9

Figure 1: Comparison of maxi-
mum intensity projection (MIP) 
images of standard 3D itera-
tive reconstruction and xSPECT 
Bone acquisitions of the ankle 
show focal area of increased 
uptake in the right talus. The 
xSPECT Bone images show 
sharper delineation of the 
focal increased uptake in the 
talus and clear visualization of 
the bony margins of all the tar-
sal and metatarsal bones, com-
pared to 3D iterative recon-
struction. Note the sharp 
delineation of the talo-tibial 
joint space even on the MIP 
image with xSPECT Bone.

3D iterative reconstruction MIP xSPECT Bone MIP
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Figure 2: xSPECT Bone multiplanar 
reconstruction (MPR) images in dif-
ferent orientations show sharp delin-
eation of the focal area of increased 
uptake within the talus. xSPECT Bone 
clearly delineates the well-circum-
scribed hypointense talar cyst (black 
arrows) and sharply defines the focal 
hypermetabolic area posterior and 
adjacent to the talar cyst (red 
arrows). The focal area of increased 
uptake extends onto the adjacent 
posterior talo-calcaneal articular sur-
face and part of the talo-fibular artic-
ular surface, although the joint space 
appears normal. xSPECT Bone defines 
the joint space and the cortical mar-
gins of the talus and adjacent calca-
neal articular surfaces well. 

Figure 3: CT images show a cyst in 
the talus (white arrows) arising 
from the tunnel within the talus 
drilled during the previous surgery. 
Transverse CT slices show insuffi-
ciency fracture just posterior to the 
talar cyst (red arrow). The talo-cal-
caneal joint adjacent to the cyst 
shows slightly increased sclerosis 
and irregularities in the articular 
margin, which may be related to 
arthritic changes following stress 
on the joint secondary to insuffi-
ciency fracture. 

Sag

Tra

Tra

xSPECT Bone MIP

Cor

Cor
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Figure 4: Fusion of CT and xSPECT 
Bone sharply define the talar cyst 
arising from the talar tunnel that 
was created during previous stabili-
zation and tendon fixation surgery, 
as well as the focal hypermetabo-
lism adjacent to, and posterior to 
the cyst extending to the adjacent 
talo-calcaneal articular surface—
which also shows irregularity and 
minor sclerosis (red arrow) second-
ary to reactive arthritic changes fol-
lowing talar insufficiency fracture. 

Figure 5: CT and fusion of CT and 
xSPECT Bone images at slightly dif-
ferent slice and orientation levels 
show talar tunnel separate from 
the talar cyst as well as the fibular 
tunnel drilled as part of the fixation 
procedure. The focal hypermetabo-
lism can be well localized to a part 
of the talus posterior to the cyst 
and adjacent to part of  the talo-cal-
caneal joint. 

Diagnosis
CT, xSPECT Bone and fusion images 
(Figures 1-5) clearly defined the talar 
cyst that had arisen from within the 
tunnel drilled through the talus during 
the ankle fixation procedure. The ori-
gin of the cyst was most likely due to a 
foreign body granuloma. The posterior 
insufficiency fracture in the talus aris-
ing from the cyst was well defined on 
the CT. The bone matrix between cyst 
and subtalar articular surface was too 
weak, leading to insufficiency fracture 

and prolonged healing. The stress on 
the talo-calcaneal joint adjacent to, 
and posterior to the cyst following the 
insufficiency fracture and related insta-
bility resulted in focal hypermetabo-
lism delineated on xSPECT Bone, along 
with slight sclerosis and articular sur-
face irregularity on CT. Due to the size 
of the cyst, the presence of insuffi-
ciency fracture and the adjacent 
talo-calcaneal joint stress, the deci-
sion was made to fill the cyst with 
bone cement.

xSPECT/CT

CT

xSPECT/CT
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Figure 6: T1 MR sagittal image shows hypointensity in the posterior part of the talus involving the 
talar articular surface of the talo-calcaneal joint, which reflects loss of normal marrow intensity sec-
ondary to erosion, edema and arthritic changes in the articular surface. 

Comments
xSPECT Bone sharply defined the focal 
hypermetabolism within the talus. 
Sharp definition of the lesion and adja-
cent talar cyst and tunnel, as well as 
that of the cortical margins of adjacent 
bones by xSPECT Bone, led to a perfect 
fusion of xSPECT Bone with CT, 
thereby enabling the assessment of 
talo-calcaneal joint stress-related 
hypermetabolism associated with the 
insufficiency fracture, which was visu-
alized posteriorly on CT extending to 
the talar articular surface of the 
talo-calcaneal joint.

Conclusion 
The above clinical case example high-
lights the sharp lesion definition by 
xSPECT Bone, which improves co-regis-
tration with CT and improves visual 
clarity of talo-calcaneal joint stress and 
talar insufficiency fracture. 

The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

	 *	Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo™*
SPECT

Injected Dose 600 MBq (16.22 mCi) 99mTc MDP

Scan Delay 3 hours

Acquisition 64 projections, 20 sec/stop

 

 
CT      Non-contrast diagnostic

Tube Voltage  110 kV

Tube Current  120 eff mAs

Slice Collimation  16 x 2.5 mm

Slice Thickness  3 mm
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Talo-tibial Impingement Secondary 
to Misplacement of Fixation Screw 
Characterized with xSPECT Bone

By Christian Waldherr, MD, and Martin Sonnenschein, MD

Data courtesy of the Department of Radiology & Nuclear Medicine, Klinik Engeried, Bern, Switzerland

History
A 52-year-old man with a fracture of the talus sec-
ondary to a road accident was treated with internal 
fixation with multiple screws. Following surgery, the 
patient complained of left ankle pain during weight 
bearing activity, as well as sudden severe pain during 
foot movement, especially during dorsiflexion.

A 99mTc MDP bone SPECT/CT was performed with 
xSPECT Bone* reconstruction to evaluate for skele-

tal pathology. Initial dynamic perfusion and 
blood pool images were performed immedi-
ately following an IV injection of 600 MBq 
(16.22 mCi) of 99mTc MDP.  A delayed planar 
study was performed after 3 hours, followed by 
SPECT/CT acquisition. A non-contrast diagnostic 
CT was performed, followed by SPECT acquisi-
tion (32 stops per detector 20 sec/stop). 
xSPECT Bone reconstruction was performed 
using CT-based zone information.

Case 10

Figure 1: Initial blood 
pool images show 
focal hyperemia in the 
left ankle joint more 
in the medial aspect. 
The delayed whole-
body planar images 
show increased 
uptake in the left 
ankle joint more on 
the medial side.

Blood Pool Phase Delayed Phase
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Figure 2: xSPECT Bone maximum intensity projection (MIP) image shows sharp delineation of skeletal hyperme-
tabolism in the talo-tibial joint space, more towards the medial end. The adjacent tibial subchondral bone and 
medial malleolus also show increased uptake. The CT MIP image shows the lateral orientation of the 3 talar fix-
ation screws, each of which are also delineated in the CT and fused images. xSPECT Bone and CT fused images 
show  skeletal hypermetabolism in the  entire articular surface of the lower end of the tibia and the talar articu-
lar surface, most prominently in the medial aspect. Metallic hyperdensity within the joint space suggests extru-
sion of one end of a talar fixation screw into the ankle joint (arrows), which is suggested to lead to impinge-
ment between the tibial and talar articular surface with resultant osteochondral erosion, osteoarthritis, 
subchondral multiple small cyst formation and mild sclerosis. There is slight narrowing of joint space and irreg-
ularities in the joint surfaces due to impingement. Increased tracer uptake in the articular surface and subchon-
dral space reflects osteoarthritic changes and reactive stress secondary to impingement. 

Figure 3: xSPECT Bone and CT fusion images clearly demonstrate the extruded end of the talar fixation screw 
into the talo-tibial joint space, along with presence of multiple subchondral cysts and skeletal hypermetabo-
lism throughout the articular surface and periarticular bone. Increased uptake in the anterior edge of the 
tibia (red arrow) with corresponding hypermetabolism in the adjacent talar dome suggests anterior impinge-
ment of the edge of the lower end of the tibial shaft, with the anterior talar articular surface, which is proba-
bly secondary to irregularities and erosion in the surface of the talar articular cartilage, secondary to 
impingement and fracture-related distortions. 

xSPECT Bone MIP

CR MIP xSPECT/CT

xSPECT/CT



34  Imaging Life | Clinical Case Supplement | siemens.com/imaginglife

Clinical Results

Figure 4: Sagittal and coronal CT reconstructions 
show extruded end of metallic talar fixation 
screw (red arrow) leading to impingement of 
the talo-tibial joint with resultant irregularity 
and erosion of the articular surface. The severity 
of the osteochondral degeneration is defined by 
the multiple subchondral cysts both in the talar 
and tibial periarticular bone (white arrows). 
Some talar subchondral cysts appear very close 
to the articular surface and almost extruding 
into the joint space. 

Figure 5: Fused images of CT and xSPECT Bone 
show increased uptake in the anterior lip of the 
tibial condyle, which reflects anterior impinge-
ment between the anterior edge of the tibial 
articular surface and the talar articular surface 
(red arrow). The talar articular surface appears 
irregular with multiple subchondral cysts and 
skeletal hypermetabolism throughout the artic-
ular surface, reflecting osteoarthritic changes. 
The medial malleolus of the tibia also shows 
focal increase in uptake (white arrow), probably 
secondary to reactive changes due to impinge-
ment in the medial aspect of the talo-tibial joint, 
due to the extruded end of the second  talar 
screw that is visualized in the coronal images. 

Diagnosis
The CT and fused images in Figures 
2-5 showed extrusion of one end of 
two talar fixations screws into the 
talo-tibial joint space, thereby causing 
impingement of the articular surfaces 
of the tibia and talus in the central and 
medial aspect. This may be related to 
improper positioning of the screws 
during surgery or extrusion secondary 
to weakness in the talar bone. The 
resulting osteoarthritis was associated 
with articular surface irregularity, sig-
nificant osteochondral sclerosis and 
subchondral cyst formation. There was 

also anterior impingement between 
the anterior lip of the lower end of the 
tibia and the adjacent talar dome, 
which also causes reactive stress and 
hypermetabolism. 

Comments
Diagnostic CT and xSPECT Bone were 
instrumental in clearly demonstrating 
the extrusion of the end of two talar 
fixation screws into the ankle joint 
space, which led to impingement of 
the talar and tibial articular surface 
with resultant severe osteoarthritic 
changes. xSPECT Bone sharply defined 

xSPECT Bone MIP

xSPECT/CT

CT

CT MIP
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the linear uptake in the articular sur-
face, within the subchondral bone and 
in the anterior lip of the lower end of 
tibia related to the anterior impinge-
ment. The articular surfaces and the 
corresponding osteochondral hyper-
metabolism were well defined on 
xSPECT Bone and this helped correlat-
ing the uptake with the osteochondral 
sclerosis, cyst formation and articular 
surface erosions, due to perfect fusion 
of the CT and xSPECT Bone without 
any spillage of activity into the joint 
space (which is often seen in standard 
3D iterative SPECT reconstructions). CT 
helped define the exact position of the 
extruding end of the talar screws and 
suggested impingement of the articu-
lar surfaces due to extrusion, rather 
than other causes like articular surface 
irregularities. The surface erosion, 
irregular articular surface, reactive 
sclerosis and subchondral cyst forma-
tion are secondary to the extrusion of 
the screws. 

Conclusion
Sharp delineation of bony hyperme-
tabolism in the tarsal bones due to 
xSPECT Bone led to perfect co-registra-
tion with diagnostic CT, which 
improved visual clarity of delineation 
of impingement of talar and tibial 
articular surfaces secondary to extru-
sion of talar fixation screws. 

The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

	 *	Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo™*
SPECT

Injected Dose 600 MBq (16.22 mCi) 99mTc MDP

Scan Delay 3 hours

Acquisition 64 projections, 20 sec/stop

 

 
CT           Non-contrast diagnostic

Tube Voltage  113 kV

Tube Current  36 eff mAs

Slice Collimation  16 x 2.5 mm

Slice Thickness  3 mm
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Severe Intervertebral Disc 
Degeneration with Approximation 
of Spinous Processes with 
Inflammation (Baastrup’s Sign) 
Delineated Using xSPECT Bone

By Partha Ghosh, MD, Molecular Imaging Business Unit, Siemens Healthcare

 Data courtesy information on file

History
A 67-year-old male, who had a long-standing his-
tory of lumbar vertebral disc degeneration that 
was treated with a laminectomy of the L3-L5 ver-
tebrae, presented with severe pain in the back 
originating in the upper lumbar vertebrae with 
aggravation during vertebral extension. In view of 
the patient’s history, he was immediately referred 
for 99mTc MDP bone SPECT/CT.

The study was performed 3 hours following 
an IV injection of 925 MBq (25 mCi) 99mTc 
MDP. A non-contrast diagnostic CT was per-
formed, followed by SPECT acquisition (32 
stops, 20 sec/stop). xSPECT Bone* recon-
structions were performed using CT-based 
zone maps. xSPECT Bone reconstructions 
were fused with diagnostic CT for evaluation.

Case 11

Figure 1: Comparison of 3D iterative reconstruc-
tion and xSPECT Bone reconstruction of attenu-
ation-corrected SPECT of the lumbar and lower 
thoracic spine show severe degenerative 
changes in the L4-L5 vertebral end plates 
(arrows), with severe decrease in intervertebral 
disc space. There are also considerable degener-
ative changes in the L3-L4 disc space (arrows). 
There is a focal area of intense tracer uptake in 
the spinous process of L2 vertebrae (arrow), 
which also appears to be closely approximated 
with the spinous process of the L1 vertebrae. 
Compared to 3D iterative reconstruction, 
xSPECT Bone shows sharp definition of the end 
plate hypermetabolism and an accurate repre-
sentation of two distinct focal uptakes at the 
end of the L2 spinous process corresponding to 
two hypertrophied areas. On 3D iterative recon-
struction, it appears as a single hot spot.

xSPECT Bone
3D iterative reconstruction 

&
 CTAC
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Figure 2: Comparison of 3D iterative recon-
struction and xSPECT Bone reconstruction 
shows severe degenerative changes in the 
L4-L5 vertebral end plates (arrows), along 
with disc space narrowing. There is also bilat-
eral vertebral facet arthropathy (arrows). 
Compared to 3D iterative reconstruction, 
xSPECT Bone shows sharper definition of ver-
tebral end plate hypermetabolism and sharply 
defines outlines of vertebral bodies, pedicles, 
spinous processes and intervertebral facets. 
The facet joint arthritic changes are sharply 
defined on xSPECT Bone, while uptake on 3D 
iterative reconstruction demonstrates ill-de-
fined margins. 

Figure 3: CT, xSPECT Bone and fusion images show severe degenerative changes in L4-L5 vertebral end plates, with associated hyper-
metabolism in the end plates, adjacent vertebral body and pedicles. The vertebral end plates in L4 and L5 show severe erosion with 
large subchondral cyst formation (thin white arrow), which communicates with the intervertebral disc space along with adjacent 
reactive sclerosis with resultant hypermetabolism. There is also severe decrease in L4-L5 joint space, with distortion of the normal 
alignment of lumbar vertebrae. Both L3-L4 and L2-L3 intervertebral disc spaces are slightly decreased along with minor lumbar scolio-
sis. The spinous process of L2 vertebrae is closely approximating the spinous process of L1 vertebrae with contact secondary to the 
decrease in normal lumbar lordosis due to narrowing in lumbar intervertebral disc spaces. There is a small fracture line across the L2 
spinous process (bold white arrow); this corresponds to the site of maximum focal hypermetabolism (bold white arrow). The focal 
hypermetabolism, linear fracture line and associated bony hypertrophy at the end of L2 spinous process is secondary to repeated 
stress to the end of the spinous process, secondary to contact and friction with the adjacent L1 spinous process (Baastrup’s sign). 

xSPECT Bone
3D iterative reconstruction 

&
 CTAC
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Figure 4: CT and fusion of xSPECT Bone and CT through the L4 end plate (left column), show a large subchondral cyst 
(arrows) in the L4 vertebral end plate, with reactive hypermetabolism in the cyst margin and adjacent part of the end 
plate, as well as bilateral intervertebral facet arthropathy. Images through the spinous process of the L2 vertebrae (right 
column) show hypertrophied ends of the spinous process with hypermetabolism (arrows) that is secondary to approxima-
tion and friction with the adjacent L1 spinous process (Baastrup’s sign). The fracture line in the L2 spinous process, the 
bony hypertrophy as a reaction to the fracture and related friction due to approximation with the spinous process above, 
and the resultant hypermetabolism in the region of the fracture and hypertrophy is clearly delineated (bold white arrow) 
in the images with fusion of CT and xSPECT Bone. 

Diagnosis
As depicted in the CT, xSPECT Bone 
and fused images (Figure 1-4), there 
was severe degenerative change in the 
L4-L5 disc space, with severe erosion 
of the vertebral end plates with sub-
chondral cyst formation, sclerosis, 
severe disc space narrowing, and char-
acteristic hypermetabolism in the end 
plate and adjacent subchondral bone. 
The L3-L4 and L2-L3 disc spaces also 
showed a lesser degree of degenera-
tive changes and narrowing with char-
acteristic hypermetabolism. Due to 
asymmetrical decreases in disc space, 
and misalignment of the lumbar verte-
brae due to decrease in normal lordo-
sis, there was abnormal approximation 
of the L2 spinous process to the adja-
cent L1 spinous process. The resultant 
friction and bony stress had resulted in 

two regions of hypertrophy with corre-
sponding hypermetabolism—one at 
the very end of the L2 spinous process 
and another slightly proximally (Figure 
4), which was the site of the fracture 
of the spinous process and the site of 
maximum friction with the L1 spinous 
process (Baastrup’s sign). A fracture 
line in this region in the L2 spinous 
process was well delineated on CT, and 
the bony hypertrophy and hyperme-
tabolism demonstrated on CT and 
xSPECT Bone reflected the reactive 
changes secondary to chronic bony 
stress and related fracture. 

Comments
CT and xSPECT Bone clearly defined 
the severity and extent of the interver-
tebral disc degeneration. It character-
ized the abnormal L2 spinous process 

CT
xSPECT/CT
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uptake related to fracture that was 
caused by approximation to adjacent 
L1 spinous process, due to alteration 
of the normal lumbar spinal curvature 
following loss of intervertebral disc 
space and associated minor scoliosis. 
The hypertrophy of the L2 spinous pro-
cess secondary to the friction and 
related hypermetabolism was named 
Baastrup’s sign. 

Conclusion
Improved definition of vertebral end 
plate degeneration and spinous pro-
cess hypermetabolism with xSPECT 
Bone along with sharp delineation of 
end plate sclerosis and subchondral 
cyst formation improved visual defini-
tion of severe disc degeneration. 

The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

	 *	Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo™*
SPECT

Injected Dose 925 MBq (25 mCi) 99mTc MDP

Scan Delay 3 hours

Acquisition 32 stops, 20 sec/stop

 

 
CT      Non-contrast diagnostic

Tube Voltage  110 kV

Tube Current  108 eff mAs

Slice Collimation 16 x 2.5 mm

Slice Thickness  3 mm
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xSPECT Bone: Sharper 
Visualization of Stress Fracture 
in Pars Interarticularis Related 
to Lumbar Spondylolysis

By Jerry Froelich, MD

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

Case 12

History
A 17-year-old girl, who was an avid gym-
nast, presented with intermittent, lower 
back pain for 2 years. Initially undergoing 
MRI, the girl was diagnosed with spondy-
lolysis of the L5 vertebrae and was 
treated with a Boston bracer for 3 
months. The lower back pain was not 
resolved. Subsequently, the patient pre-
sented with new upper lumbar discom-
fort. As such, she underwent a 99mTc MDP 
bone SPECT/CT study, using a Symbia 
Intevo™* scanner. Three hours following 
an IV injection of 17 mCi (629 MBq) of 
99mTc MDP, an initial planar bone scan 
was performed, followed by a SPECT/CT 
of the abdomen and pelvis. A non-con-
trast diagnostic CT was performed fol-
lowed by SPECT acquisition (32 stops, 20 
sec/stop). Using CT-based zone informa-
tion, an xSPECT Bone* reconstruction 
was performed.

Figure 1: Planar whole-body image 
shows focal area of mildly 
increased uptake in the right pedi-
cle of the L5 vertebrae.
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Figure 2: Comparison of 3D iterative reconstruction and xSPECT Bone reconstructions show 
sharper delineation of the focal area of increased tracer uptake in the right side of the L5 verte-
brae, located at the right edge of the lamina. xSPECT Bone sharply delineates the focal hot area 
and clearly localizes it to the pars interarticularis at the right edge of the right L5 lamina, and in 
close proximity to the superior articular process. 

Diagnosis
CT and xSPECT Bone demonstrated 
focal skeletal hypermetabolism in the 
right side pars interarticularis of the 
L5 vertebrae, which corresponded to 
a faint transverse lucency and repre-
sented a stress fracture in the pars 
interarticularis with adjacent asym-
metric sclerosis (Figures 2-4). The 
pattern was typical of lumbar spondy-
lolysis in young adults, secondary to 
sports-related repeated lumbar hyper-
extension with stress reaction and, 
subsequently, a stress fracture in the 
pars interarticularis—usually in the L5 
or L4, along with reactive sclerosis 

secondary to bone remodeling. Since 
the L5 spondylolysis was unilateral in 
this case, with an absence of any 
early hypermetabolism in the oppo-
site pars or in the articular facets, the 
spondylolysis was deemed early with-
out significant instability. Despite the 
previous attempt to immobilize, 
immobilization was encouraged to 
help to promote healing.

Comments
Spondylolysis is defined as a bony 
defect in the pars interarticularis of the 
vertebral arch. It presents a weakness 
or stress fracture in one of the bony 

bridges that connects the upper with 
the lower facet joints. 

Spondylolysis is a common cause of 
lower back pain in pre-adolescent and 
adolescent athletes (50%). For those 
engaged in activities that appear to 
place unusual stress on the lower spine, 
spondylolysis occurs with higher fre-
quency. Gymnasts are particularly vul-
nerable. A pattern of progression goes 
from a pars interarticularis stress fracture 
to unilateral spondylolysis to bilateral 
spondylolysis. Severe bilateral spondylol-
ysis may progress to spondylolisthesis, 
which involves sliding forward of one 

xSPECT Bone
3D iterative reconstruction w

ith CTAC
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vertebrae over another, and it could 
compromise the spinal canal. 

The vast majority of spondylolitic 
defects occur at the L5 level (85 - 
95%), with L4 being the second most 
commonly involved level (5-15%). 
Higher lumbar areas are rarely 
affected.1 This type of isthmic spondy-
lolysis results from stress fractures due 
to mechanical stress in the pars inter-
articularis, caused by hyperextension 
and rotation forces. The stress fracture 
is often visualized as a lucency in the 
pars interarticularis on CT. Stress reac-
tion of the pars interarticularis is 
regarded as an early stage of this con-

dition in which no obvious anatomical 
change is detected. One study per-
formed SPECT with 99mTc MDP and CT 
to evaluate 56 pediatric patients with 
new onset low back pain, related to 
spondylolysis.2 A significant portion 
(19.6%, 11 of 56) of the stress injuries 
in the pars interarticularis were 
CT-negative, but were positive stress 
reactions on the bone SPECT.

In a larger study involving 213 
patients, bone SPECT showed 
increased uptake in 145 patients, 
while CT identified only 81 patients. In 
42.3% of the cases, spondylolysis was 
localized at L5. 30% of the spondyloly-

Figure 3: CT shows slightly hypodense transverse fracture line through the pars interarticularis in the right side of the 
L5 vertebrae (arrows) with surrounding reactive sclerosis. Corresponding images with xSPECT Bone and CT fusions 
show focal skeletal hypermetabolism exactly localized to the transverse fracture line and adjacent sclerosis in the 
right pars interarticularis, which suggests a stress fracture related to lumbar spondylolysis.

sis cases were bilateral and unilateral 
lesions and were 3 times more likely to 
occur on the left side.3

Conclusion
In the present case, CT demonstrated 
lucency in the right pars interarticularis 
of the L5 vertebrae, with adjacent 
reactive sclerosis that reflected bone 
healing, probably secondary to the 
immobilization. xSPECT Bone sharply 
defined the focal increase uptake in 
the right L5 pars interarticularlis 
exactly to the CT abnormality, which 
helped confirm the diagnosis. 

CT
xSPECT/CT
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The statements by Siemens customers described herein are based on results that were 
achieved in the customer’s unique setting. Since there is no “typical” hospital and many 
variables exist (e.g., hospital size, case mix, level of IT adoption) there can be no guaran-
tee that other customers will achieve the same results.

References:
	 1	 Standaert et al. Br J Sports Med. 2000; 34: 415-422.
	 2	Yang et al. Clin Nucl Med. 2013 Feb; 38(2): 110-114.
	 3	Gregory et al. Clin J Sport Med. 2005 Mar; 15(2): 79-86.

	 *	Symbia Intevo and xSPECT Bone 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.

Examination Protocol

Scanner: Symbia Intevo
SPECT

Injected Dose 629 MBq (17 mCi) 99mTc MDP

Scan Delay 3 hours

Acquisition 32 stops, 20 sec/stop

 

 
CT                  Non-contrast diagnostic

Tube Voltage 130 kV
Tube Current 52 eff mAs

Slice Collimation 6 x 2.0 mm
Slice Thickness 2.5 mm

Figure 4: Volume 
rendering shows 
the exact location 
of the stress reac-
tion in right L5 
pars interarticu-
laris (arrows) with 
xSPECT Bone and 
CT fusion.
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