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X‑ray, computed tomography (CT) scans and magnetic resonance 
imaging (MRI) provides information about structural or 
anatomical details whereas bone scan (Planar + Single‑photon 
emission computed tomography SPECT images) provides more 
functional or physiological information. Thus, it is logical to 
comprehend that combination of  these two imaging modalities 
viz. CT scan for anatomical localization and bone scan for 
physiological or functional determination will provide maximum 
needed information. Purpose of  this paper is to determine the 
role of  combined CT and bone scanning (fused imaging) in 
localization of  anatomical and functional changes in the vertebra. 
To the best of  our knowledge, there is no reference available in 
the existing literature adopting this approach.

MATERIALS AND METHODS

Planar bone scans with SPECT and SPECT  +  CT were 
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INTRODUCTION

Percutaneous stabilization of  a collapsed vertebra by polymethyl 
methacrylate bone cement (PMMA) has now become a standard 
procedure. It not only helps in lowering the morbidity and mortality, 
it is well tolerated by elderly patients, it has low complication rate 
and it is also cost effective. However, it is essential to localize the 
correct vertebra. Several imaging modalities have been used for 
this purpose with each having its own advantages and limitations. 
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performed in 20 patients who underwent pre‑operative evaluation 
for vertebroplasty. Three patients underwent more than one 
procedure. A total of  24 scans were studied including 17 
pre‑vertebroplasty scans and 7 post‑vertebroplasty scans. Patients 
were injected with 24‑30 mCi of  99Tc‑methylene diphosphonate 
MDP. SPECT + CT was performed 2‑4 h after injection with a 
dual head camera equipped with CT (VG/Hawkeye, GE Medical 
Systems Milwaukee, WI, USA). SPECT images were acquired 
using a Low Energy High‑Resolution LEHR collimator, 20% 
window centered at 140 keV and reconstructed with ordered 
subsets expectation maximization OSEM. CT images were 
acquired using a 128 × 128 pixel matrix, 120 kV tube voltage, 
2.5 mA current, and a 10 mm slice width. Two expert readers, 
blinded to patient history, independently analyzed non‑AC, 
SPECT only images followed by co‑registered AC, SPECT/CT 
fused images with the aim to identify the acutely fractured 
vertebra for vertebroplasty.

RESULTS

Interpretations changed, on average, 50% of  the time as a result 
of  the additional information provided by SPECT + CT. For 
reader #1, interpretations changed in 11/24 scans, (7% or 41% 
in pre‑vertebroplasty scans and 4% or 57% in post‑vertebroplasty 
scans) and for reader #2, in 13/24 scans (8% or 47% in 
pre‑vertebroplasty scans and 5% or 71% in post‑vertebroplasty 
scans). Types of  changes included: shift in the specific level 
of  vertebral involvement, changes in the precise location of  
involvement within a vertebrae as well as the inclusion or exclusion 
of  affected vertebrae. In one case, the addition of  SPECT + CT 
affected the independent findings of  both readers, resulting in a 
shift in diagnosis by one vertebral body, which correlated with the 
history of  a prior vertebral fusion confirmed on diagnostic CT. 
SPECT + CT localized prior vertebroplasties and aided in the 
diagnosis of  complicated cases of  post‑operative back pain. In 
one patient, SPECT + CT localized activity to a new compression 
fracture immediately above a prior vertebroplasty site.

No image scattering was noted in cases of  previous 
vertebroplasty (post‑vertebroplasty cases) due to the presence 
of  previous bone cement. In cases with incomplete previous 
vertebroplasty, the remaining vertebral body showed the 
increased radiotracer uptake. The fused images clearly identified 
the difference. Short history of  one of  the cases with illustrative 
images is shown in Figures 1‑5.

DISCUSSION

Estimated incidence of  only osteoporotic vertebral fracture in 
USA is 7,000,000 per year.[1] It has a huge economic impact. 
The Michigan Department of  Community Health nevertheless, 
estimated the direct expenditure resulting from osteoporotic 
fractures in USA in 1995 to be greater than $13.8 billion, or $38 
million per day. These costs are likely to escalate as the population 
continues to age. The projected direct cost for the year 2030 
exceeds $ 460 billion or $164 million per day.[2] Vertebroplasy 

is rapidly growing in popularity since the initial procedure done 
in 1984 and reported in the European literature in 1987 for 
the treatment of  vertebral angioma.[3] It is now used in treating 
osteoporotic, neoplastic and traumatic vertebral body collapse. 
Popularity of  the procedure is primarily due to the simplicity of  
the procedure with an easy learning curve by the physicians and 
few complications, cost effectiveness, early relief  of  pain and 
thus reduction in subsequent morbidity with acceptable patient 
compliance. These advantages led the further development 
of  the procedure in form of  “kyphoplasty” in 1998[4] Now 
it is being extended for the fixation of  insufficiency fracture 
of  the sacrum as “sacroplasty”[5] Somehow vertebroplasty is 
commonly performed by the intervention radiologists whereas 
kyphoplasy by the orthopedic or neurosurgeons. Irrespective 
to these differences, it is vital for the success of  the procedure 
to correctly identify the acutely fractured or “culprit” vertebra.

Clinical findings aided with a conventional plane radiographic 
evaluation has been the traditional method to identify and 
localize the “culprit” vertebra. For solitary and isolated vertebral 
fractures, it may be adequate and no further investigation 
may be needed. However, adjunctive imaging is required in 
patients with solitary or multiple fractures of  uncertain age or 
when serial conventional radiographs are not available[6] The 
European Vertebral Osteoporotic Study reported three types 
of  compression fractures in osteoporotic spine viz. wedge 
compression fractures, biconcave fractures, and crush fractures 
existing in isolation or in combination with varying severity[7] 
They produce different clinical manifestations thus further 
complicate the issue of  exact identification of  the “culprit” 
vertebra by conventional clinico‑radiological means. There is 
little correlation between the degree of  collapse of  the vertebral 
body and the level of  pain.[2]

CT scan is another imaging modality, which not only helps in 
exact localization of  the fractured vertebra but also provides 
information about the vertebral architecture, the integrity of  the 
posterior wall of  the vertebral body, canal compromise and the 
condition of  posterior elements of  the vertebra. These are the 
crucial information necessary in planning of  the vertebroplasty. 
However, CT does not provide information about the age of  the 
fracture or the degree of  physiological bone remodeling process. 
CT is very sensitive in detecting small amounts of  bone cement and 
therefore, has also been used in post‑vertebroplasty evaluation. 
CT has also been used in post‑procedural documentation, though 
there is no reference in the literature to support that such a policy 
affects clinical practice.[6]

Role of  MRI with short tau inversion recovery (STIR) sequences 
in the evaluation of  vertebroplasty patients is still being worked 
out. It not only provides detailed soft tissue and bony architectural 
information but is also quite sensitive for detecting the acute 
compression fractures. It also helps in ruling out malignant tumors 
or other co‑existing pathologies. In acute vertebral fracture, the 
MRI shows the geographic pattern of  low‑intensity‑signal 
changes on T1 weighted images and high‑intensity‑signal changes 
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Figure 1: Bone scan indicated increased radiotracer uptake in several lower 
thoracic vertebrae and in the fifth lumbar vertebra of varying intensity suggesting 
fractures of different ages

Figure 2: (a) Computed tomography image (upper left) showed multiple vertebral 
involvement (T7‑T11) with bone cement in the previously treated vertebrae. (b) Bone 
scan images (upper right‑ attenuation corrected and lower right‑ attenuation not 
corrected) show mildly increased radiotracer uptake in the previously treated or old 
fractured vertebrae (T7‑T10) and intense uptake in the T11 vertebra just below the 
previously treated vertebrae suggestive of fresh fracture. (c) Fused image (lower left) 
clearly identifies the previously treated and the newly fractured vertebra

Figure 3: The trans‑axial images showing the extent of vertebral body 
involvement in fresh T11 fracture

Figure 4: The trans‑axial images showing the complete vertebroplastry of T7 
vertebra

Figure 5: The trans‑axial images showing incomplete previous vertebroplasty 
of T9 vertebra with increased radiotracer uptake in the region not occupied with 
the bone cement

on T2 weighted images.[8] In‑spite of  these well‑established 
parameters, there are several instances where the abnormal fatty 

marrow signal was interpreted as “normal marrow intensity” 
on T1 and T2 weighted images while the bone scan was clearly 
abnormal.[6] Edema seen on MRI is considered to be predictive 
of  favorable response[9] but appreciation of  edema in presence 
of  multiple collapsed vertebrae at times may not be easy. MRI 
is also less sensitive than CT in appreciating the altered bony 
vertebral anatomy and in detecting the presence of  small amount 
of  bone cement. With these advantages and limitations, often 
the timely non‑availability of  the MRI and the cost are further 
limiting factors.

Bone scanning is often performed as a part of  the pre‑operative 
evaluation.[10] Increased activity on a bone scan of  a compression 
fracture has been suggested to be predictive of  favorable 
outcome following vertebroplasty.[11] It helps in identification 
of  fractured vertebra needing cement augmentation in the 
setting of  multiple collapsed vertebrae of  varying ages. It is 
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also of  value in post‑vertebroplasty cases in detecting the fresh 
fractures in the adjacent vertebra existing just above or below the 
previously treated vertebra or in vertebra with incomplete cement 
augmentation and subsequent fracture. There are limitations too. 
Bone scan has poor anatomical localization. It may be positive 
only in 20% of  patients with height loss <15%. It is more often 
positive in fractures with height loss of >25%.[12] However, it may 
detect fractures, which may be missed by other imaging modalities 
like MRI.[6] Bone scan may reveal increased activity up to 2 years 
after the fracture. Fractures of  longer than 6 months of  duration 
typically do not benefit from vertebroplasty.[13]

Acquiring the CT and the bone scan (planar and the SPECT) 
images and then analyzing the fused imaged for better localization 
of  the fractured vertebra (e) is certainly advantageous as it combines 
the best of  the two imaging modalities. In the present study, the 
opinion of  the two readers changed in half  of  the cases (50%) 
which had a substantial impact over the management of  these 
cases. In multiple vertebral fracture cases, it is crucial to identify 
the “culprit” vertebra (e) for proper results. Bone scan may remain 
positive for long time but the intensity of  the radiotracer uptake 
varies with time. Recent fractures demonstrate much intense uptake 
than the older once. Though there is no quantifying system (like 
SUV numbers in PET imaging) but experience of  the interpreter 
and CT fusion to a great extent takes care of  this short coming.

Use of  polymethylmethacrylate (PMMA) bone cement has 
several advantages like, familiarity of  use, easy handling, adequate 
strength, and is rather inexpensive. Additionally, no attenuation 
artifact was observed around previous sites of  PMMA on 
attenuation corrected images. The hypothesis proposed was that 
there are similar imaging energies for SPECT and CT, 140 keV for 
Tc‑99m and 140 keV for CT.[14,15] Attenuation artifact is somewhat 
problematic on PET/CT FDG systems due to differences in 
imaging energies. There are certain disadvantages of  PMMA 
also like no osteoinductive or osteocinductive property, high 
polymerization temperature, systemic side effects of  unreacted 
monomer and non‑remodeling of  the construct. It is also 
possible that the PMMA augmentation of  the collapsed vertebra 
may render mechanical effects on the neighboring vertebrae. It 
has led several investigators to use other materials for vertebral 
augmentation like biodegradable products such as calcium 
phosphate,[16] hydroxyapatite,[17] and coral granules.[18] What will 
be the behavior of  these new substances on various imaging/
scanning methods will only be determined by time but for PMMA 
augmentation, the proposed strategy of  CT + SPECT bone scan 
fused images provide much more accurate information than any 
single imaging modality used alone.

CONCLUSION

Traditionally, bone scans with planar and SPECT images have been 
used in localization of  fractured vertebrae causing localized/persistent 
back pain. It helps in peri‑operative planning for vertebroplasty. 

SPECT + CT more precisely localizes tracer abnormalities in the 
vertebra compared to SPECT imaging alone. The greatest value 
lies in the accurate localization of  affected vertebrae in complicated 
cases of  multiple collapsed vertebrae of  different ages as well as in 
the symptomatic post‑vertebroplasty setting.
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