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Objective: The aim of the study was to explore the nature of a V-shaped sign in the
backbone of the fifth lumbar vertebra revealed by whole-body bone scintigraphy (WBBS).

Methods: A local single-photon emission computed tomography (SPECT) scan plus
a computed tomography (CT) scan were performed on 41 patients in our department who
had a V-shaped sign in the backbone of the fifth lumbar vertebra detected by WBBS. Image
fusion was conducted to understand the manifestations of the changes in the V-shaped sign in
the CT images in WBBS and to determine the nature of the lesion.

Results: All 41 patients presented with degenerative changes observed in the bilateral
posterior zygapophysial joint of the fifth lumbar vertebra in the CT imaging bone window,
bone hyperplasia of the articular process, joint surface hardening, and a joint gap. The
vacuum sign could also be seen in some of these patients.

Conclusion: The typical V-shaped sign in the posterior zygapophysial joint of the fifth
lumbar vertebra revealed by WBBS suggests degenerative changes in the zygapophysial joint
of the fifth lumbar vertebra.

Keywords: lumbar, zygapophysial joints, degeneration, bone radionuclide imaging, MDP,
single-photon emission computed tomography (SPECT)-CT, diagnosis

Introduction

Bone scintigraphy is the most sensitive method that can be used in the diagnosis of
bone metastatic cancer. However, for diseases with single or few lesions, this
method has a low qualitative value, as it is difficult to make an accurate diagnosis
in such cases using bone scintigraphy. Hence, other imaging examinations are often
used concurrently to verify the diagnosis.' In this prospective study, single-photon
emission computed tomography (SPECT)/computed tomography (CT) was per-
formed on 41 patients, who presented with a V-shaped sign revealed by whole-
body bone scintigraphy (WBBS). This was a special feature in the backbone of the
fifth lumbar vertebra. This sign was confirmed to be a degenerative change in the
posterior zygapophysial joint of the fifth lumbar vertebra.

Patients and Methods

Patients
This study involved 41 patients who had undergone WBBS. They had all done so to
detect the presence of bone metastases. A V-shaped sign was found in the backbone
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of the fifth lumbar vertebra in all these patients. The study
was conducted in accordance with the Declaration of
Helsinki (as was revised in 2013). The study was approved
by the ethics committee of the First Affiliated Hospital of
Zhengzhou University. The patients were informed about
the purpose of the study, and written consent was obtained
from them.

Imaging Methods

The instrument used in this study was a Siemens Symbia
T16 dual-detectors SPECT/CT system equipped with
a low-energy high-resolution collimator. No special pre-
paration was required before the examination. After being
given an intravenous injection of 925-1110 MBq of
“mTc-methylene diphosphonate (MDP), the patients
were asked to drink more water and to urinate as often
as possible. Three hours later, they underwent anterior-to-
posterior and posterior-to-anterior systemic planar ima-
ging. The scanner was guided by automatic tracking of
the human body. The scanning speed was set at 15-20 cm/
minute, and the matrix was set at 256x1024. After the end
of the planar imaging, local SPECT plus CT was immedi-
ately performed on these patients, who had been found to
have a V-shaped sign in the backbone of the fifth lumbar
vertebra. First, X-ray positioning scanning was performed.
Then, the scanning range was determined according to the
positioning films. The fifth lumbar spine was set as the
center of the scanning range, and the upper and lower
boundaries were both 20 cm from the center. If the patient
had other lesions, it was necessary to extend the range of
the CT scanning. Then, CT transmission scanning was
performed. The matrix was set at 256 x 256, and the
thickness of the scanning slice was set at 5 mm. After
CT scanning, the examination table was automatically
aligned, and SPECT acquisition was performed with the
matrix set at 128%128. The acquisition was performed
using a stepping method, with the step set at 6° and
acquisition time at 30 seconds/frame. The two detec-
tors were each rotated 180°, and 64 images were acquired
in total. The *Mo — *’mTc generator was provided by the
China Institute of Atomic Energy, and the MDP was
provided by the Jiangsu Institute of Nuclear Medicine.

Image Reformation and Fusion

The original SPECT projections were reformatted using
the Flash 3D iterative reformation method; the subset
number was four, the iteration number was eight, and the
slice thickness was 3 mm. A total of 128 frames of cross

section images were acquired, and corresponding coronal,
sagittal, and dynamic 3D images were also acquired. After
reformation, the CT and SPECT images had the same
matrix, number of pixels, and effective frame rate. The
fusion of CT and SPECT images was achieved using
Syngo workstation software.

Image Analysis
The WBBS diagnosis was performed by two nuclear med-
icine physicians, and the interobserver agreement for
WBBS diagnosis for the two physicians was excellent,
with an intraclass correlation coefficient (ICC) of 0.91.
The SPECT/CT diagnosis was made jointly by
a nuclear medicine physician and a CT doctor. The ICC
of these two experts was 0.88, also indicating an excellent
interobserver agreement for SPECT/CT diagnosis.

Results

Forty-one patients were enrolled in this study. Among
them, 10 patients were male and 31 patients were female,
and the age range was 4489 years, with an average age of
(62.95 £+ 11.02) years. Fourteen patients were diagnosed
with lung cancer, 7 patients were diagnosed with breast
cancer, and 3 patients were diagnosed with esophageal
cancer. One patient was diagnosed with each of the fol-
lowing cancers: prostate cancer, renal carcinoma, multiple-
myeloma, ovarian cancer, rectal cancer, pheochromocy-
toma, and parotid carcinoma. Eight patients were diag-
nosed with pain of an unknown origin, and 2 patients
were diagnosed with unexplained systemic bone pain.

A V-shaped sign was found in the backbone of the fifth
lumbar vertebra in all these patients (Figure 1). The spe-
cific manifestation was that in the posterior image of the
WBBS, two high radioactive uptake regions were found in
the bilateral posterior inferior edges of the fifth lumbar
vertebra, with a shape similar to the letter V. Hence, it was
called a V-shaped sign. WBBS combined with SPECT-CT
fusion imaging confirmed that multiple bone metastases
had occurred in 11 patients. Among these patients, 4 were
diagnosed with breast cancer, 2 with lung cancer, 1 with
rectal cancer, 1 with multiple-myeloma, 1 with prostate
cancer, 1 with parotid carcinoma, and 1 with unexplained
systemic bone pain. In addition, a definitive diagnosis
could not be made using WBBS in 4 patients with
a single or few lesions. These cases were finally diagnosed
with SPECT-CT fusion imaging as being compression
fractures. Using this approach, 2 patients were diagnosed
with degenerative changes of the upper lumbar spine. For
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Figure | The whole body bone imaging in patients with typical performance: 55 years old female patient,the left breast cancer after | year,only found in the fifth lumbar back
is “V-shaped sign” active focal bone metabolism,did not see signs of bone metastases. A: anterior view with low brightness; B: posterior view with low brightness; C:

anterior view with high brightness; D: posterior view with high brightness

17 patients, the V-shaped sign in the backbone of the fifth
lumbar vertebra was only revealed by WBBS, while the
other approaches revealed no findings. Among these 17
patients, 7 were diagnosed with lung cancer, 2 with breast
cancer, 1 with renal carcinoma, 1 with ovarian cancer, 1
with esophageal cancer, 1 with pheochromocytoma, and 4
patients were diagnosed with pain of an unknown origin.

In the CT images, the V-shaped sign in the fifth lumbar
vertebra in all 41 patients manifested as degenerative
changes in the bilateral posterior zygapophysial joint.
These changes included the following: (1) bone hyperpla-
sia of the small articular process, lip-shaped bone hyper-
plasia was found in the joint process when severe facet
hypertrophy could be observed and osteophytes had
formed; (2) a change in the joint cavity, the joint cavity
became narrower or broader, the articular surface har-
dened, and the vacuum sign was found in the joint cavity

in some of the patients (Figure 2). Figures 1 and 2 involve
the same patient.

Discussion

In the clinical diagnosis of WBBS, we often encounter the
problem that a qualitative diagnosis cannot be established
for highly active metabolic foci in certain bones in the
body. This is the objective circumstance in WBBS. The
sensitivity of WBBS in the diagnosis of bone metastases is
very high. Most research has reported that the sensitivity
of *’mTc-MDP bone scintigraphy in the diagnosis of bone
metastases is the same as that of fluorodeoxyglucose-

. - 2-10
positron emission tomography,

and it is significantly
higher than that of X-ray and CT examinations. The sen-
sitivity of X-ray examinations is approximately 57.0%,
while the sensitivity of CT is approximately 67.4%.'" In

general, these lesions can be found 3—6 months, or even up
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Figure 2 Patients with typical CT performance. A and B: CT continuous slices in bone window; C: SPECT cross section imaging; D: SPECT/CT fusion imaging.

to 18 months, earlier than they can with X-ray

examinations."' The sensitivity of magnetic resonance
imaging (MRI) is also high, up to 88%, but its cost is
also high, and the scanning range is limited.'? Therefore,
WBBS is the most sensitive and widely clinically-used
imaging approach in the diagnosis of bone metastases.
However, the specificity of WBBS, which is approxi-
mately 40-50% in clinical reports, is poor. The positive
information revealed by WBBS only reflects the abnor-
mity of metabolism in bone tissue, but benign and malig-
nant lesions of bones such as hemangioma, bone
hyperplasia, bone tuberculosis, bone tumors, and bone
metastases can all present with this change. Therefore,
when establishing a diagnosis using WBBS, it should be
closely combined with the medical history of patients and
with other imaging examinations, if necessary, such as CT
and MRL""® The low diagnostic specificity of WBBS

dictates that in clinical practice, when we encounter the

manifestation of uncharacteristic bone metastases, such as
single or few lesions, it is difficult to establish a clear
qualitative diagnosis. Since many benign lesions present
with the manifestation of highly concentrated radioactiv-
ity, benign lesions cannot be distinguished by differences
in their characteristics.

In the previous clinical diagnosis of WBBS, whenever
the manifestation of typical multiple bone metastases was
encountered combined with the V-shaped sign in the back
bone of the fifth lumbar vertebra, little attention was paid
to the local V-shaped sign because multiple bone metas-
tases had already been definitively diagnosed. For the
manifestation of the V-shaped sign in the backbone of
the fifth lumbar vertebra alone, since WBBS cannot enable
a qualitative diagnosis of a single lesion, it is often just
described as high bone metabolism found in the fifth
lumbar vertebra. Since it is a single lesion occurring in
the lower part of the lumbar vertebrae, it is highly possible
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that this lesion is benign, and it is recommended that
clinical tests or other imaging examinations should be
used together. However, clinicians or patients often ignore
this when they arrive at such a result, since they do not
consider bone metastases. The author encountered 41
patients with the V-shaped sign in the backbone of the
fifth lumbar vertebra through clinical WBBS diagnosis.
Due to the application of the SPECT-CT imaging system
in recent years, images can now be fused on the same
machine, which has significantly improved the positioning
and qualitative diagnosis value of single or few lesions.'*
We carried out the analysis of the V-shaped sign combined
with CT images in these 41 patients, and the results indi-
cated that these were all degenerative changes in the
zygapophysial joint in the back bone of the fifth lumbar
vertebra.

Bone metastases occur very often in the vertebrae but not
so often in the posterior vertebral facet joints and the spinous
processes. In typical bone metastases, high radioactive uptake
regions are often found on one side or in the whole vertebra. In
particular, in the analysis of WBBS images combined with CT
images, the high radioactive uptake region in one side of the
vertebral body often presents with osteolytic lesion shadow,
local soft tissue shadow, or high density osteogenesis metas-
tasis shadow. Furthermore, the V-shaped sign occurs in the
bilateral posterior inferior margins of the vertebral body,
which is significantly different from typical vertebral metas-
tases. On the fusion images of SPECT/CT on the same
machine fusion image, the typical changes of degeneration
can be found in the posterior vertebral facet joints.

The lumbar zygapophysial joint is also called the lum-
bar facet joint or intervertebral facet joint. It is composed
of the upper and lower articular processes in the pedicle of
the vertebral arch that connects with the vertebral lamina.
The articular surface of the upper articular process faces
the rear inner side, and the articular surface of the lower
articular process faces the anterior side. The joint space of
the right and left zygapophysial joints shows a V shape
when viewed from the back. At home and abroad, studies
have found that the degeneration of the lumbar interver-
tebral disc and facet joint is the basis of the degeneration
of the function of the vertebral column. Due to the long-
term effect of narrowing the height of the intervertebral
space in the same segment or accumulation of the strain,
the lumbar facet joint will undergo degenerative changes,
such as articular cartilage exfoliation, bone softening, an
uneven surface, facet joint hyperplasia plus osteophyte

formation, and joint space narrowing or broadening.'’
These changes in the bones increase the metabolism of
the local bones. Therefore, it manifests as local radioactive
aggregation in WBBS images, exhibiting a V-shaped
change when viewed from the back.

Degenerative changes of the zygapophysial joint
can compress the spinal cord or nerve root. The zyga-
pophysial joint is dominated by the posterior ramus of
the spinal nerve. Compression and traction of the nerve
can cause lower back pain. In this study, the average
age of these 41 patients was 62.95 years old. The
author considered that these were all degenerative
changes of the lumbar zygapophysial joint caused by
long-term strain. Furthermore, 25 patients complained
of lumbago.

WBBS is widely applied in the clinical diagnosis of
multiple bone metastases due to its high sensitivity.
However, its qualitative value in the diagnosis of only
a few lesions is not high due to the lack of character-
istics. CT, MRI, and other imaging tests are often used
concurrently to determine a clear diagnosis. Therefore, it
is worth summarizing the features of benign lesions in
bone scintigraphy images to improve the diagnostic
specificity of bone scintigraphy in the diagnosis of
bone diseases. In this study, the author believes that an
understanding of the V-shaped sign, as well as the
degenerative change of characteristic performance of
bone scintigraphy on the lumbar facet joint, should be
of some guidance for clinical practice, as well as mak-
ing it unnecessary for patients to have other imaging
tests and saving medical resources.

Conclusions

In this study, our results showed that the typical V-shaped sign
in the posterior zygapophysial joint of the fifth lumbar vertebra
revealed by WBBS suggested degenerative changes in the
zygapophysial joint of the fifth lumbar vertebra.
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