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ABSTRA Introduction: Abnormal morphologic findings in imaging were thought to explain the etiology of low back
pain (LBP). However, it is now known that variety of morphologic abnormalities is noted even in asymptomatic
individuals. Single photon emission computed tomography/computed tomography (SPECT/CT) could be used
to differentiate incidental findings from clinically significant findings. Objective: This study was performed to
define the SPECT/CT patterns in patients with LBP and to correlate these with clinical and magnetic resonance
imaging (MRI) findings. Materials and Methods: Thirty adult patients with LBP of duration 3 months or more
were prospectively evaluated in this study. Patients with known or suspected malignancy, trauma or infectious
processes were excluded. A detailed history of sensory and motor symptoms and neurologic examination
was performed. All the patients were subjected to MRI and bone scintigraphy with hybrid SPECT/CT of the
lumbo-sacral spine within 1 month of each other. The patients were classified into those with and without
neurologic symptoms, activity limitation. The findings of clinical examination and imaging were compared.
MRI and SPECT/CT findings were also compared. Results: Thirty patients (18 men and 12 women; mean
age 38 years; range 17-64 years) were eligible for the study. Clinically, 14 of 30 (46%) had neurologic signs
and or symptoms. Six of the 30 patients (20%) had positive straight leg raising test (SLRT). Twenty-two of
the 30 patients (73%) had SPECT abnormality. Most frequent SPECT/CT abnormality was tracer uptake in
the anterior part of vertebral body with osteophytes/sclerotic changes. Significant positive agreement was
noted between this finding and MRI evidence of degenerative disc disease. Only 13% of patients had more
than one abnormality in SPECT. All 30 patients had MRI abnormalities. The most frequent abnormality was
degenerative disc disease and facet joint arthropathy. MRI showed single intervertebral disc abnormality in
36% of the patients and more than one intervertebral disc abnormality in remaining 64% patients. Fifteen of
the 30 patients had facet joint arthropathy. 60% of these patients had involvement of more than one level
facet joints while 38% had associated inter vertebral disc disease. 83% of the patients with positive SLRT had
SPECT and MRI abnormalities. 100% of patients with neurologic symptoms had SPECT and MRI abnormalities.
Conclusion: Addition of hybrid SPECT/CT data will help differentiate incidental from significant MRl abnormalities
as all patients with LBP have MRI abnormalities and most have MRI abnormalities at multiple sites. Tracer
uptake in the anterior part of the vertebral body represents degenerative disc disease. MRI is sensitive and
SPECT/CT is specific for facet joint arthropathy. Both investigations are best used complementary to each other.
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morphological findings of the lumbar structures (in particular
bones, joints, discs, and muscles) on conventional imaging
modalities have often been assumed to be the cause LBPF
However, several of such abnormalities have been shown to exist
even in asymptomatic individuals.” Plain radiography has been
relatively insensitive in evaluation. Computed tomography (CT)
is extremely good for disorders of bone.

Recent introduction of hybrid single photon emission computed
tomography/CT (SPECT/CT) imaging has allowed assessment
of both morphology and function in a single study. The
morphological information provided by CT scan can also help in
providing additional information regarding the etiology of LBP.

Magnetic resonance imaging (MRI) is a non-invasive investigation
that is not associated with exposure to ionizing radiation. MRI
provides excellent soft-tissue resolution and has become a
routine investigation in evaluation of patients with LBP due
to its ability to clearly define neurologic and disc degenerative
diseases. However, since all of these are based on morphological
characters, they are unable to differentiate between incidental
and relevant changes. SPECT/CT could potentially be used
complimentary to MRI to differentiate incidental from clinically
relevant findings.

The purpose of this study was to define the patterns of
scintigraphic abnormalities in patients with LBP and to correlate
the findings with clinical and MRI findings.

MATERIALS AND METHODS

A prospective study was conducted in 30 consecutive patients
fulfilling the eligibility criteria of the study, after obtaining ethical
clearance from the institutional Ethics Committee. All subjects
were recruited in this study after obtaining written informed
consent. Patients having LBP duration of at least 3 months were
eligible to be included into the study. Pregnant females, history of
previous spinal surgery, suspected or proven spinal tuberculosis,
recent trauma, severe medical or surgical illness or psychiatric
disorder and patients with diagnosed and/or treated malignancy
were excluded from the study. Detailed clinical histories of the
symptoms including the onset, progression, nature of the pain,
aggravating and relieving factors were noted. History of previous
infection, trauma was noted. A thorough physical examination
was performed which included inspection and palpation of
the lumbo-sacral spine. Patients suspected of connective tissue
disorders were subjected to special investigations like C-reactive
protein (CRP) assay and human leukocyte antigen (HLLA)-B27
assays.

Bone scintigraphy

Three phase bone scintigraphy was performed in every patient.
Hybrid SPECT/CT (Infinia Hawkeye 4, GE healthcare,
Milwaukee, USA) images of the lumbo-sacral spine including
the hips were acquired in all the patients. SPECT images were
acquired in 64 X 64 matrix, in a step and shoot method covering
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360° in 60 views and 30 s per view. Following the SPECT
acquisition, CT was acquired in helical mode and tube current of
2.5 mA covering the lumbo-sacral spine. Three phase scintigraphy
and hybrid SPECT/CT images were transferred to Xeleris
workstation and examined by evaluating the individual SPECT
images, CT images and the fused SPECT/CT images. The
sites of increased tracer uptake, localization to the anatomical
structures and the corresponding morphological changes in the
anatomical structure were also recorded. Abnormalities found
on CT images without corresponding changes in SPECT images
were also recorded. Patterns of scintigraphic, radiographic, and
MRI abnormalities were tabulated. Correlation between clinical
symptoms and imaging findings were made.

Magnetic resonance imaging

Patients underwent MRI within 1 month of bone scan. MRI
was performed on a 1.5 tesla whole-body scanner (VISION,
Siemens AG, Erlangen, Germany).The following MRI parameters
were used. All sagittal images had a field of view (FOV) of
320 mm with a slice thickness of 4 mm. Sagittal T1-weighted
images [Repetition time (TR), 600 ms; Echo time (TE), 15
ms|, with and without fat saturation (TR, 600 ms; TE, 15 ms)
before and after Gadolinium diethylene triamine pentaacetic
acid (Gd-DTPA) administration (0.1 mmol/kg body weight),
sagittal T2-weighted images (TR, 4000 ms; TE, 90 ms), sagittal
STIR (short T1 inversion recovery) images (TR, 4200 ms; TE,
70 ms; TI, 150 ms). All axial images had a FOV of 350 mm
with a 4-mm-slice thickness to see the whole paravertebral
area. Axial T1-weighted images (TR, 600 ms; TE, 15 ms) after
contrast administration were acquired. A matrix of 224 X 256
for axial and 330 X 512 for sagittal were used. For interpretation
of MRI images, patients were divided into those with or without
neurologic symptoms/signs based on the clinical evaluation.
Patients were also divided into two groups based on straight
leg raising test (SLRT). MRI was examined for curvature of
the lumbar spine and presence of osteophytes. Presence of
degenerative changes in the intervertebral disc was characterized
by a decreased signal in the disc on the T2 weighted images.
Presence of disc bulge/protrusion was also noted. Facet joint
arthropathy was said to be present in the presence of any of the
following findings: Joint space effusion, bony hypertrophy of
facet joint, hypertrophy with associated loss of marrow signals.
Foraminal stenosis was evaluated and diagnosed when epidural
fat was obliterated by disc material of intermediate signal intensity
or by osseous material of low signal intensity.

RESULTS

Thirty patients (18 men and 12 women) with chronic LBP
were included in the study. The mean age of the patients was
38 years (range 17-64 years). The average duration of LBP was
1.3 years (range 3 months to 4 years).

Clinical characteristics of back pain
All the patients described their pain as constant dull aching
type. Walking aggravated the pain in 29 patients. Rest caused
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significant relief of pain 24 patients. Six patients required
medications to control their back pain. Majority of the patients
had pain in the region of lower lumbar vertebrae (L4/L5
region) and sacrum. Only one patient had pain in the region
of L1 vertebra. Seventeen patients had no radiation of the pain
to the lower limbs. Pain was radiating in nature in 13 patients
(7 to legs, 5 to thighs and to pubic region in 1 patient). Eight
patients had sensory symptoms like paraesthesia in the region
of distribution of pain. One patient had motor weakness. Six
patients had positive SLRT. Rest of the study group had a
negative SLRT.

Enzyme sedimentation rate (ESR) was elevated in five patients.
Average ESR value was 27.4 mm Hg/1 h (Range 18-40 mmHg/h).
These patients were then subjected to HLA-B27 study. Three
were positive for HLA-B27. The visual analogue scale pain scores
of these patients and their correlation with activity limitation
were also evaluated.
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Bone scintigraphy findings

Three phase bone scintigraphy

Three phase bone scintigraphic findings were evaluated
qualitatively. It was entirely normal in 9/30 patients while
21 patients had an abnormality on three phase bone scan.

SPECT

SPECT findings confirmed the presence of the abnormalites
present in 3 phase bone scan in all the patients. Additionaly
SPECT lead to better localisation of the lesions. SPECT also
identified unidentified lesions in three patients with normal planar
study and also enabled exact localisation of the tracer uptake to
the parts of vertebra.

Hybrid SPECT/CT

Fusion of SPECT data with CT data improved the anatomical
localization of the abnormal foci detected on SPECT.
Further, corresponding morphologic changes like osteophytes,
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Figure 1: Tc99m single photon emission computed tomography/computed tomography in a patient with chronic low back pain showing pattern of active facet joint
arthropathy. Focus of intense tracer activity is noted in the facet joint between L4 and L5 vertebrae
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sclerotic changes and vacuum phenomenon enabled correctlesion
characterization and improved the confidence of interpretation.
Figure 1 shows active facet joint arthropathy on SPECT/CT in
a patient with chronic low back pain while Figure 2 depicts
SPECT/CT findings in degenerative disc disease.

MRI findings

All 30 patients had some identifiable MR abnormalities in
the lumbo-sacral region. Summary of CT and MRI findings
are tabulated in Tables 1 and 2. All the facet joints were
morphologically normal in 15 patients. In three, a single
facet joint was involved. In six, two facet joints were involved.
In nine patients multiple level facet joints were involved. Single
intervertebral disc was diseased in eight of 22 patients. Others
had disc disease involving more than one intervertebral disc.

Cotrelation of SPECT/CT findings with clinical features and
MRI findings are depicted in Tables 3 and 4. The agreement
between MRI findings and SPECT findings are depicted in
Table 5a-b. Thecal indentation in L4/L5 region on MRI and
increased tracer activity in the corresponding site on SPECT/
CT imaging is depicted in Figure 3.

DISCUSSION

LBP is a common disorder with a point prevalence ranging

Figure 2: MRI and SPECT/CT findings in a patient with chronic low back pain.
MRI image shows thecal indentation in L4/L5 region. Increased tracer activity is
noticed in the corresponding site on SPECT/CT imaging

from 6.8% to upto 28% in different populations.¥ Six month
prevalence of LBP has been reported to have affected 42.6%
of patient population.” Radiological investigations like skeletal
radiography, CT, and MRI are being used in evaluation of patients
with LBP. Radiography is universally available and inexpensive
investigation for the initial evaluation of patient with LBP.
However, the value of radiography has been questioned. Up to
75% of the radiographs yield no useful investigation.'” CT is a
highly sensitive investigation for evaluation of the skeletal system.
However, its role in evaluating the soft tissues has been limited.
MRI is an excellent non-invasive investigation for evaluation of
LBP. It provides superior soft tissue contrast resolution. MRI
being an anatomical imaging modality is unable to differentiate
between incidental findings from functionally significant findings.

Scintigraphy could be an extremely useful complementary
imaging modality to MRI in evaluation of LBP. Availability of
hybrid SPECT/CT, apatt from accurately localizing the site of
abnormality, also allows characterizing sites of functional activity
by depicting the morphological changes. The present study was
performed in 30 patients with LBP to describe the patterns of
scintigraphic abnormalities on SPECT/CT and to correlate
the findings with clinical features and MRI findings. The age
group (mean age 38 years) and male preponderance (18 male,
12 female) in our study is consistent with the studies done by

Table 2: Comparison of sites of involvement on single
photon computed tomography, computed tomography and
magnetic resonance imaging

Site of Number of Corresponding Corresponding
abnormality patients CT MRI findings
on SPECT abnormalities
Anterior 7 Osteophytes/ Disc prolapse/
body paradiscal thecal
sclerosis/ indendation/
scoliosis neural foraminal
compromise
Spinous 2 None Disc
process degeneration
Sacro-iliac 1 Sclerosis, Sacro-iliitis
joint+facet widening of
joints joint space
Facet joints 4 Sclerosis Facet joint
arthropathy

SPECT: Single photon emission computed tomography, MRI: Magnetic resonance
imaging, CT: Computed tomography

Table 1: Computed tomography and magnetic resonance imaging findings in all the study group patients. Some patients had

more than one finding

CT abnormality

Number of patients

MRI abnormality Number of patients

Osteophytes 1
Sclerotic changes(para-discal region of vertebral body) 12
Scoliosis/vacuum phenomenon in intervertebral disc 2
Transitional vertebra

Sacro-illitis

Osteoid osteoma of iliac bone
Osteitis pubis
Anterior longtitudinal ligament calcification

O N

Significant thecal indentation 12
Neural foraminal compromise 5
Facet joint arthritis 15
Sacroiliitis 2
Disc prolapse 2
Spinal canal stenosis 1
Rudimentary inter-vertebral disc 1

CT: Computed tomography, MRI: Magnetic resonance imaging
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Table 3: Correlation of neurologic symptoms with abnormalities on imaging

Neurologic symptom on clinical evaluation

SPECT abnormality (%) Significant MRI abnormality (%)

Present 14/30 14./14 (100) 14/14 (100)

Absent 16/30 8/16 (50) 8/16 (50)

P value P=0.79 (NS) P=0.002 P=0.002

Neurologic SPECT anterior MRI disc/thecal Statistical SPECT facet MRI-facet Statistical
symptoms body (%) involvement (%) significance (%) arthropathy (%) arthropathy (%) significance
Present (14/30) 7/14 (50) 8/14 (57) P=0.70 (NS) 4/14(29) 11/14.(79) P=0.023
Absent (16/30) 4/16 (25) 5/16 (31) P=1(NS) 1/16 (6) 5/16 (31) P=0.17 (NS)
Pvalue 0.299 (NS) 0.29 (NS) 0.15 0.026

SPECT: Single photon emission computed tomography, MRI: Magnetic resonance imaging

Table 4: Correlation of straight leg raising test to imaging abnormalities

SLRT Number of patients SPECT abnormality (%) MRI abnormality (%) Statistical significance
+Ve 6 5(83) 5(83) NS

-Ve 24 18 (75) 18 (75) NS

SLRT SPECT anterior body (%) MRI disc/thecal P value SPECT abnormality Facet arthropathy P value
(clinical) involvement (%) in facet joint (%) (MRI) (%)

Positive (6,/30) 4/6(67) 5/6 (83) 1 (NS) 0/6(0) 4/6(67) 0.23 (NS)
Negative (24/30) 6/24 (25) 7/24 (29) 1(NS) 5/24 (21) 11/24 (46) 0.125 (NS)
Pvalue 0.07 0.02 0.55 (NS) 0.65 (NS)

SLRT: Straight leg raising test, SPECT: Single photon emission computed tomography, MRI: Magnetic resonance imaging, NS: Non-significant

Table 5: Tests of agreement between single photon emission
computed (SPECT) findings and magnetic resonance

imaging (MRI).

a: Increased uptake in vertebral body on SPECT versus
significant degenerative disc changes on MRI

Symmetric measures

Value Asymptotic Approximate  Approximate
standard error? T sig.
Measure of
agreement
Kappa 0.571 0.154 3.162 0.002
No. of 30
valid cases

aNot assuming the null hypothesis, Using the asymptotic standard error
assuming the null hypothesis, SPECT: Single photon emission computed
tomography, MRI: Magnetic resonance imaging

Pople and Griffith."l The mean age of lumbar disc herniation"?
is slightly higher than in our patient group. This may be explained
by the fact that most of the patients in our study group were
manual laborers. Similarly the prevalence of neurologic symptoms
in our patient group is comparable to that reported in literature.
However, our study had fewer patients with motor symptoms.
This is probably due to the fact that patients presented early
in the course of their disease and hence had lesser degree of
neurologic impairment. Only 17% of our patients had significant

reduction in their functional capacity.

On a total of 30 patients (70%) 21 patients had a scintigraphic
abnormality on planar imaging. SPECT imaging of the spine
identified extra lesions in these patients. Additionally, one patient
with normal planar study was found to have abnormality on
SPECT imaging. Without SPECT imaging, three additional
lesions could have been missed in our study. Increased tracer
uptake in the anterior part of the vertebral body most was the
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Table 5b: Facet arthropathy in single photon emission
computed tomography versus magnetic resonance imaging

Symmetric measures

Value Asymptotic Approximate Approximate
standard error® ™ sig.
Measure of
agreement
Kappa 0.333 0.128 2.449 0.014
No. of valid 30
cases

aNot assuming the null hypothesis, ®Using the asymptotic standard error
assuming the null hypothesis

most frequent scintigraphic pattern. This pattern was noted
in 45% of those with SPECT abnormality. Our finding is
consistent with a previously reported study." The facet joints
were the next most common site of abnormality (22% of SPECT
positive group) with L3/1.4 and 1.4/L5 sites being involved. The
prevalence and distribution of facet joint arthropathy in our
study group is consistent with the reported literature.'>!'! The
involvement of disc space and isolated spinous process was noted
in four patients. Sacroiliitis was noted in two patients. Both the
patients had increased erythrocyte sedimentation rate and CRP
levels, hence suggesting a diagnosis of inflammatory arthritis.
In both these patients, lumbar facet joints were also involved.
This is consistent with the fact that zygo-apophyseal joints are
affected in a major way in inflammatory arthritis like ankylosing
spondylitis."”? Morphologic changes obtained from CT allowed
for improving the specificity of SPECT abnormalities. The
most frequent morphologic abnormalities in these patients
were osteohphytes and para-discal sclerotic changes noted in
76% of the patients. These findings, in the presence of SPECT
abnormality in the anterior part of the vertebral body, secured
the diagnosis of degenerative changes as the cause of LBP. CT
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Figure 3: Tc99m single photon emission computed tomography/CT image showing pattern of degenerative disc disease. Increased tracer uptake is noticed in the
anterior part of the vertebral body with evidence of sclerosis of the vertebral body in CT

helped in identifying an osteoid osteoma in one of the patients.
The improvement of specificity of SPECT findings is correlating

with vatiety of published literature on this new modality.['*'!

CT images of the lumbar spine allowed accurate co-registration
of the SPECT data. This greatly improved the localization of
the lesion. Corresponding morphological changes also allowed
for lesion characterization. Similar utility of the CT data in
hybrid SPECT/CT has also been reported by other studies.***"
In four patients with SPECT abnormality no morphologic
abnormality was detected on CT. This is explained by the fact
that scintigraphic techniques identify pathology eatlier than
motphologic changes ate evident. Ryan e7 4/ also noted similar
findings in their study where 21% of the patients failed to show
morphologic changes in spite of having SPECT abnormality.

All 30 patients had some MRI abnormality. After exclusion
of minor disc abnormalities, 22 of the 30 patients (73%) were
noted to have significant MRI abnormalities. MRI detected 29
facet joint lesions in 15 patients with 60% of the patients having
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abnormality in multiple level facet joints. SPECT revealed active
facet joint disease in only 15 of these sites. Only one patient
had multiple sites of increased tracer uptake. Hence, rest of
the abnormalities detected on MRI, in these patients, are most
likely non-significant findings. This is further strengthened by
the fact that, despite presence of MRI abnormalities, none of
the patients with normal SPECT had any neurologic symptom
or significant reduction in functional capacity. The difference in
incidence of neurologic symptoms and reduction in functional
capacity between SPECT positive and negative patients was
statistically significant (P=0.002). Specificity of SPECT findings
to identify active disease was further confirmed by Dolan®! who
noted that there is 95% response rate after injection therapy of
SPECT positive facets. Pneumaticos in a recent study,? proved
that significant improvement in back pain is noted only when
SPECT positive facet joints are subjected to injection therapy.
Hence, the results from SPECT/CT could potentally be used
for selection of facet joints for treatment.

MRI finding of facet joint abnormalities were significantly
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more common in the group with neurologic symptoms than
in those without symptoms (79% vs. 31%; P = 0.026) Similatly,
MRI identified significantly more facet abnormalities than
SPECT (79% vs. 29%; P = 0.023). This correlates with the
fact that MRI has high sensitivity in identifying facet joint
abnormalities. It would be difficult to attribute the cause of
neurologic symptoms to facet joint arthropathy as all but one
patient had associated disc degeneration in MRI. Clinically, it is
impossible to differentiate pain caused due to facet abnormalities
from other etiologies. Another prospective study has also
confirmed this finding.” There was statistically significant
difference in the prevalence of SPECT/MRI abnormalities
between patients with and without reduced functional capacity
due to LBP. The findings between SPECT and MRI were
concordant, with MRI showing more abnormalities. SPECT
helped identify the site of MRI abnormality that is clinically
significant.

Sixty-seven percent of the patients having positive SLRT
had SPECT abnormality localized to the anterior part of
the vertebral body. Though prevalence of this abnormality
was only 25% in those with negative SLRT, the difference
did not reach statistical significance (P = 0.07). On MRI, disc
degeneration was noted in 83% of them. Only 29% of those
without positive SLRT had this abnormality and this difference
was statistically significant (P = 0.02). Two of these patients
also had disc abnormality at other vertebral levels and four of
these six patients had facet joint arthropathy. However, none
of these patients had facet abnormality on SPECT imaging.
The significance of each of the abnormalities detected with
MRI would have been impossible without correlative findings
on SPECT.

There was statistically significant agreement between disc
degenerative changes on MRI and tracer uptake in the anterior
part of the vertebral body. The uptake in the anterior part of
the vertebral body, with extension beyond the vertebral body, is
most likely to represent the MRI equivalent of disc degeneration.
This pattern is consistent with previously reported SPECT
equivalents of degenerative disc disease in MRLP Thete was no
significant agreement between the facet joint disease identified
by MRI and SPECT. MRI detected significantly more disease
than SPECT. This is in agreement with the fact that SPECT is
more specific than MRI.

MRI revealed multiple abnormalities in most of the patients.
Maeseneer!™ concluded that scintigraphy may be used to
determine the precise cause of symptoms in patients with
multiple abnormalities at other imaging studies. We, in our
study, have noted that SPECT is extremely useful in localizing
the precise cause when multiple abnormalities are present in
MRI. The utility of SPECT to determine the precise cause of
symptoms has been extensively used in osteoporotic patients with
LBPP Cook, in his review article,” concluded that scintigraphy
has been valuable in identifying unsuspected osteoporotic
fracture, assess the age of the fracture and excluding fracture as
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the cause of LBP. A similar wider application of SPECT/CT,
as a complementary investigation to MRI in LBP, is foreseen
in our study.

The study suffers from a few limitations. The study utilized
low dose CT for registration with the SPECT images. Addition
of high dose diagnostic quality CT could have allowed for
identification for early morphololgic changes and potentially
improved lesion characterization. Sites of increased uptake in
SPECT images were considered to be the actual cause of the
back pain. No active clinical intervention was attempted in any
of the patients to confirm the actual cause of the back pain.

In conclusion, all patients with LBP are likely to have
some MRI abnormality. Most of the patients are likely to
have MRI abnormalities at multiple sites. Addition of
SPECT/CT is invaluable in differentiating significant from
incidental non-significant findings on MRI. Increased tracer
uptake in the anterior part of the vertebral body with associated
osteophytes and ot sclerotic changes in CT is the SPECT/CT
equivalent of intervertebral disc degeneration. This pattern
has statistically significant agreement with MRI evidence
of intervertebral disc degeneration. SPECT/CT identifies
significantly less patients with facet arthropathy as compared
to MRI. However, SPECT/CT is likely to be more specific.
SPECT/CT is best used complementary to MRI in patients
with LBP. SPECT/CT should be consideted mandatory before
attempting injection therapy of facet joint arthropathy and in
patient with multiple abnormalities on MRI.
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