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ABSTRACT

Introduction: Lumbar facet arthritis is a significant source of back pain and impaired function that is amenable to treatment with medial branch radiofrequency
neurotomy (RFN). Identifying appropriate patients for this treatment requires integration of information from the history, physical exam, and diagnostic imaging, but
the current diagnostic standard for facet-mediated pain is positive comparative medial branch blocks (MBBs). Lumbar SPECT-CT has recently been evaluated as a
potential predictor of positive MBBs with mixed results. The purpose of this retrospective analysis was to determine if the level of concordance between SPECT-CT
uptake and facet joints targeted with MBB was associated with a positive block.

Methods: A retrospective review was performed to identify all patients undergoing lumbar MBB within 12 months after having a lumbar SPECT-CT. Each procedure
was classified into one of four categories based on the level of concordance between facet joints demonstrating increased *™Tc uptake on SPECT-CT and those being
blocked: 1) Complete Concordance (all joints demonstrating increased uptake were blocked and no additional joints blocked); 2) Partial Concordance (all joints
demonstrating increased uptake were blocked, with at least one joint not demonstrating increased uptake blocked); 3) Partial Discordance (at least one but not all
joints demonstrating increased uptake were blocked); 4) Complete Discordance (all blocks performed at joints not demonstrating increased uptake). Statistical
analysis was performed to determine if the level of concordance between increased uptake on SPECT-CT and joints undergoing MBB was associated with a positive
block using cutoffs of 50 % and 80 % pain relief.

Resuits: A total of 180 procedures were analyzed (23 % Complete Concordance, 22 % Partial Concordance, 31 % Partial Discordance, 24 % Complete Discordance)
and all groups demonstrated improvement in pain Numeric Rating Scale (NRS) scores. There was no significant association between level of concordance and having
a positive block using thresholds of 50 % pain relief, 733, N = 180) = 4.880, p = .181; or 80 % pain relief, y*(3, N = 180) = 1.272, p = .736.

Conclusion: SPECT-CT findings do not accurately predict positive lumbar MBB but may provide valuable information that can be considered with other factors when
deciding which joints to treat.

1. Introduction

Chronic musculoskeletal low back pain is a common problem that
results in significant impairments, activity limitations and participation
restrictions within patients’ daily lives. Roughly 1 in 4, or 58.8 million
adults suffer from chronic low back pain making it the second-most
prevalent musculoskeletal condition — surpassed only by peripheral
joint arthritis [1,2]. Between the large direct costs associated with
nearly 62 million health care visits annually for low back pain and the
indirect costs of 149 million lost work days for back pain annually, the
economic impact is profound with total costs estimated to be between
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$100 and $200 billion annually [3,4]. From a functional perspective, it
is estimated that 8.4 million people have limitations performing activ-
ities of daily living as a result of their back pain [1]. Furthermore, while
not immediately life-threatening, the associated functional impairments
including reduced mobility and decreased exercise tolerance second-
arily increase the risk of cardiovascular and other deadly diseases [5].
Potential anatomic sources of pain include myofascial structures,
facet joints, intervertebral disks, and vertebral endplates. Given multiple
overlapping potential sources of low back pain, data from the patient’s
history, physical examination and diagnostic testing must be integrated
into the decision-making process. Typically, patients with facet-
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mediated pain report pain in the low back without radiation into the legs
that is traditionally thought to worsen with activity, particularly
extension, combined extension, and rotation as well as returning to
neutral from a flexed position, however, dedicated studies have not
corroborated this [6-8]. Radiographs demonstrating signs of degener-
ation including sclerosis, bone hypertrophy and osteophytes suggest
underlying osteoarthritis, but conventional radiographs are insensitive
in the detection of mild facet disease [9,10]. CT demonstrates similar
findings, but with improved detail. Moderate to severe lumbar facet
joint osteoarthritis is present on CT imaging in 36 % of adults under the
age of 45 years, 67 % of adults age 45-64 years, and 89 % of those over
the age of 65 years [11]. MRI demonstrates similar structural abnor-
malities, but with the benefit of improved soft-tissue resolution
including the ability to detect active synovial inflammation and facet
joint effusions. However, 8 %-14 % of asymptomatic patients have been
shown to have degenerative facet changes on CT and MRI [12-14],
making accurate identification of the most likely pain generator chal-
lenging based on clinical information and traditional imaging modalities
challenging.

Initial conservative management of suspected facet-mediated pain is
usually empirical and includes oral analgesics and an active therapeutic
exercise program [15,16]. Thereafter, dual comparative anesthetic
blockade of the medial branches of the dorsal rami (or in the case of L5,
the dorsal ramus itself) that supply the sensory innervation to the facet
joint (henceforth collectively termed medial branch block (MBB) for
simplicity) are the accepted standard for predicting outcomes from
radiofrequency neurolysis (RFN) of those nerves [17-26]. However, this
technique is prone to high false-positive and false-negative rates [15,
27-32].

Recently, several publications have explored possible value in using
single photon emission computed tomography combined with tradi-
tional computed tomography (SPECT-CT) to identify the source of pain
in these patients. Several studies have shown increased SPECT-CT ac-
tivity to be valuable in identifying painful zygapophyseal joints and
predicting a positive response to intra-articular injection [33-36], while
others have shown less robust results in predicting outcomes following
medial branch blocks [37,38]. The value of SPECT-CT in predicting a
positive response to diagnostic block of the lumbar facet joint and ulti-
mately RFN, thus remains unknown. The purpose of this study was to
determine through retrospective review if the level of concordance be-
tween SPECT-CT uptake and facet joints targeted with MBB was asso-
ciated with a positive block. It was hypothesized that if all joints
demonstrating increased levels of radiotracer uptake on SPECT-CT were
targeted that there is a correlation with a positive response to MBB.

2. Material and methods
2.1. Patients

Institutional Review Board approval was obtained for this retro-
spective analysis. The institutional imaging database was searched for
all records of patients who underwent SPECT-CT of the lumbar spine for
pain between January 2016 and June 2020 who also underwent diag-
nostic lumbar medial branch block. The search excluded patients with
infection, tumor, or iatrogenic complications of the spine. Injections
were excluded from analysis if SPECT-CT was performed after the MBB
as this would not have informed the clinical decision-making process; if
MBB was done more than 365 days after the SPECT-CT as after this time
the likelihood of a new or different potential chronic pain generator is
increased; or if there was incomplete pre-/post-injection self-report pain
data. In cases where two MBBs were performed as comparative blocks
only the first block was analyzed.

2.2. %™Tc medronate SPECT-CT examination

Within our large multispecialty tertiary referral spine center
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providers may choose to order a SPECT-CT as part of the diagnostic
evaluation, if in their clinical judgment it is expected to add diagnostic
clarity and influence their decision-making with respect to the plan of
care. For all scans, 99mT. medronate injection (Tc-99 m MDP), 22 mCi
was administered intravenously. After approximately 3 h, planar im-
aging of the spine in anterior and posterior projections was performed.
SPECT-CT imaging of the spine was then performed. CT images were
acquired using a low-dose protocol for attenuation correction and
anatomical localization purposes.

2.3. Interventional protocol

After consultation with a board-certified pain management provider,
if appropriate based on the integration of all available clinical and im-
aging information including reports and images for SPECT-CT, orders
were placed for lumbar MBBs at levels determined by each provider
based on clinical judgment. Per institutional standards, all MBBs were
performed under fluoroscopy. Once needles were confirmed to be in the
appropriate position using AP and lateral images, nonionic iodinated
high-osmolar radiopaque contrast media was injected. If no vascular
flow was observed 0.5 cc of local anesthetic (0.5 % bupivacaine or 2 %
lidocaine) was injected at each site. Every patient receiving diagnostic
MBBs at our center is asked to self-report pre- and post-procedural pain
using the Numeric Pain Rating Scale (NRS) by an independent collab-
orator, either a registered nurse or a pain medicine specialist one busi-
ness day after completion of the block with the patient keeping a written
hourly diary to prevent recall bias. This information is then documented
in the chart for physician review. Age, gender, race, laterality, and level
of joints blocked and pre- and minimum post-procedural NRS during the
anesthetic phase were collected from the electronic medical record.
Maximal percent pain relief was calculated using pre- and post-
procedural NRS values.

2.4. Image analysis

Retrospective chart review of diagnostic radiology reports for all
SPEC-CTs was performed. The level and laterality of any facet joints
reported as demonstrating increased 9omTe uptake were recorded. Then,
each injection was categorized into one of four unique groups (Complete
Concordance, Partial Concordance, Partial Discordance, Complete
Discordance) based on the level of concordance between facet joints
demonstrating increased SPECT-CT uptake and those undergoing MBB.
Complete concordance was defined as patients that had all joints
demonstrating increased *°™Tc uptake on SPECT-CT (level and later-
ality) blocked with no additional joints not demonstrating increased
uptake being blocked. Partial concordance was defined as those patients
who had all joints demonstrating increased uptake on SPECT-CT blocked
with at least one joint not demonstrating increased uptake on SPECT-CT
location also being blocked. Partial discordance was defined as patients
who had at least one but not all joints demonstrating increased uptake
on SPECT-CT blocked. Complete discordance was defined as patients in
which all joints demonstrating increased uptake on SPECT-CT were not
blocked and also included any injections that had no increased uptake
on SPECT-CT.

2.5. Statistical analysis

Categorical variables were described using absolute and relative
frequencies, while continuous variables were described using means and
standard deviations or medians and interquartile ranges. A Wilcoxon
signed ranks test was used to compare pre-/post-procedure NRS scores
in each group. A chi-square test of independence was used to determine
if the level of concordance between SPECT-CT uptake and facet joints
targeted with MBB was associated with a positive block using cutoffs of
50 % and 80 % pain relief. All analyses were performed using IBM SPSS
Statistics (version 28.0.0.0 (190)).
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3. Results

Between January 2016 and June 2020, a total of 319 patients were
identified as having had both a lumbar SPECT-CT and lumbar MBBs on
one or more joints on one or more occasions. Some patients underwent
more than one distinct block resulting in a total of 428 procedures being
reviewed. 75 were excluded for having SPECT-CT performed after the
MBB, 140 for having the procedure more than 1 year after the imaging,
21 for having incomplete pre-post-injection NRS data, and 12 for being
the second injection in a series of two, resulting in 180 distinct injections
(defined as a single injection session in which one or more joints were
blocked) among 149 unique patients being included in the analysis.
Twenty-three percent of injections were categorized as completely
concordant, 23 % as partially concordant, 29 % as partially discordant
and 23 % as completely discordant. The demographic and baseline pain
characteristics of these patients are summarized in Table 1.

A total of 535 lumbar facet joints were treated percutaneously with
250 of those demonstrating increased uptake (Table 2). The most
commonly treated lumbar facet joints in order of decreasing frequency
were L4/5, L5/S1, L3/4, L2/3 and L1/2 which matched the order of
most frequently identified joints demonstrating increased uptake on
SPECT-CT and those treated with increased activity (Fig. 1). The total
number of joints targeted per procedure in order of decreasing frequency
were 2, 4, 1, 3, 6, and 8 and are displayed by level of concordance in
Fig. 2. Wilcoxon ranked-sum test demonstrated all groups had a signif-
icant change in NRS from pre-to post-procedure (Fig. 3).

Responder analysis was performed using thresholds of at least 50 %
and 80 % improvement in pain. Using a threshold of at least 50 % relief
of pain, 110 (61 %) blocks were positive and using a threshold of 80 %
pain relief, 61 (34 %) blocks were positive. Proportions of patients
achieving 50 % and 80 % relief by level of concordance is shown in
Fig. 4. A chi-square test of independence showed that there was no
significant association between level of concordance and having a pos-
itive block using thresholds of 50 % pain relief, y*(3, N = 180) = 4.880,
p = .181; or 80 % pain relief, y%(3, N = 180) = 1.272, p = .736.

4. Discussion

The results of this study demonstrate that all four groups had a sig-
nificant decrease in pain following MBB. More than half (52 %) of pa-
tients undergoing lumbar MBBs had at least one discordant level and
level of concordance between SPECT-CT uptake and joints targeted with
MBB was not associated with a positive response to MBB at thresholds of
either >50 % or >80 % pain relief. Taken together, these results
demonstrate that MBBs are successful in reducing pain in a subset of
patients with axial low back pain suspected to be mediated by the zyg-
apophyseal joint, but selection of targets using SPECT findings alone
may not be an effective strategy. Other factors are and should continue
to be considered when determining the most appropriate level to target
with MBB.

The prevalence of lumbar facet arthritis differs by age, level of the
spine, severity of morphologic changes, presence of symptoms and
technique used for identification. In this population, the highest number

Table 1
Demographic and baseline pain characteristics by group.
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Table 2
Distribution of facet joints with and without increased SPECT-CT uptake treated
or not treated with MBB.

Facet Joints Not
Undergoing MBB (n =

Facet Joints
Undergoing MBB (n =

535) 1265)
Increased SPECT-CT 250 110
Uptake Present (n = 360)
Increased SPECT-CT 285 1155
Uptake Not Present (n =
1440)

of joints demonstrating increased uptake on SPECT-CT were found in
order of decreasing frequency at L4-5, L5-S1, L3-4, L2-3, L1-2 which
matches previously published data [39,40]. Interestingly at L1-2 and
L2-3 there were more joints demonstrating increased uptake than were
treated. This may reflect practice tendencies to target the most
commonly affected joints based on prevalence data given the lack of
well-defined clinical or imaging findings predictive of pain [26,41,42].
SPECT-CT may, therefore, have a role in identifying unexpected joints
driving the patients’ pain that may be a reasonable previously uncon-
sidered target for intervention. Among asymptomatic individuals, there
is a strong relative predominance of arthritic findings on CT imaging at
L5-S1 that becomes more evenly distributed as patients reach the age of
this cohort with L5-S1 being most commonly abnormal [43]. This differs
from what was found in this study with L4-5 being the most commonly
identified level with increased SPECT-CT uptake. The L5-S1 and L3-4
levels followed closely thereafter and were similarly affected with far
fewer findings in the L1-2 and L2-3 levels. This may be due to the fact
that this population was symptomatic but may also suggest that
SPECT-CT provides additional valuable information beyond what stan-
dard CT provides.

Facet joints selected for percutaneous treatment (intra-articular facet
joint injection or MBB) are often discordant with those demonstrating
increased uptake on SPECT-CT, in many cases because the metabolically
active facet joints do not correlate with clinical findings [44]. Our results
support this finding with a nearly equal number of procedures falling
into concordant and discordant groups. This may be due in part to the
fact that there are no history, physical examination [26] or imaging [26,
41,42] findings that have yet been found to reliably predict a positive
response to MBBs. As a result of this uncertainty, clinicians may “cast a
wide net” and target more than the minimum number of joints in an
effort to capture all potential pain sources, obtain a positive result and
proceed with RFA with the hopes of achieving clinical improvement for
the benefit of the patient. This appears to be supported by the fact that a
larger percentage of patients having only 1 or two joints blocked fell into
the completely concordant group (i.e., when a targeted approach was
taken based on SPECT-CT uptake a lower number of joints were tar-
geted) and patients tended to have no better results when compared to
discordant groups in which typically larger number of joints were
blocked (non-targeted approach). Additionally, overall, an even number
of joints were targeted more often than an odd number. This is likely
driven by the common performance of bilateral procedures given the

Overall Complete Concordance Partial Concordance Partial Discordance Complete Discordance
Number of unique patients (%) 149 35(23) 35(23) 44 (29) 35(23)
Number of MBBs (%) 180 42 (23) 39 (22) 55 (31) 44 (24)
Average Age in years (SD) 66.9 (13.5) 61.7 (14.5) 69.1 (12.9) 72.6 (8.6) 62.7 (15.1)
% male 46.3 45.7 57.1 40.9 42.9
% Caucasian 92 81 89 97 100
% Black 4 14 2 0 0
% Other or unknown 4 5 9 3 0
Median Baseline NRS (IQR) 6(2) 6(2) 6(3) 6(2) 6(3)
Average joints per procedure (SD) 3.01 (1.5) 2.12 (1.0) 3.97 (1.5) 2.91 (1.43) 3.14 (1.5)
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Fig. 1. Number of lumbar facet joints per level with reported increased SPECT-CT uptake, total being blocked at that level with breakdown of those being blocked
with and without increased SPECT-CT uptake. The left and right facet joints are grouped at each level.
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Fig. 2. Total number of facet joints blocked per procedure by level of concordance and overall.

difficulty in differentiating between right and left sources of pain based
on clinical information. The rapid decline in the number of joints
blocked above four is most likely secondary to a lack of reimbursement
when more than 4 joints (2 levels bilaterally) are blocked.

There were also a relatively high number of injections classified as
Completely Discordant (23 %). There are several possible explanations
for this. In our multidisciplinary clinic, patients are often evaluated by
several specialties including PM&R, pain medicine and neurosurgery.

Any one of these providers may have ordered a SPECT-CT to help their
own clinical decision-making, but ultimately the team-based approach
may result in a different specialist deciding about the need and location
of injections. Ultimately, if most injection decision-making is done by a
team member who de-emphasizes the importance of SPECT-CT findings
there is likely to be more discordant injections. Additionally, the
Completely Discordant group contained any subjects not having any
increased uptake on SPECT-CT. SPECT-CTs are ordered for patients
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Fig. 3. Pre-/post-MBB comparison of NRS by group. Z statistic and p-value for Wilcoxon rank sum test reported.
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Fig. 4. Proportion of patients with positive MBB using thresholds of >50 % and >80 % improvement in NRS by level of concordance.

suspected of having facet-mediated pain based on other clinical criteria,
so it is not surprising that a large proportion of patients having negative
SPECT-CT would still undergo MBB, thus disproportionately increasing
the number of patients categorized as Completely Discordant.

This study is in agreement with others that have shown SPECT-CT is

not alone able to predict a positive response to MBBs [37,38]. Positive
response to MBBs was chosen as the criteria against which SPECT-CT
findings were compared in this study because it is the recommended
diagnostic test to identify painful facet joints before proceeding to RFN
[26], and given the interval on the order of hours between block and
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determination of success is less prone to recall bias than assessing re-
sponses to intra-articular injections with which relief is observed on the
order of days or weeks. Intra-articular facet joint corticosteroid in-
jections, however, do appear to produce favorable results when per-
formed at areas of increased uptake on SPECT-CT [33,34,38]. This may
be a result of the specific pathophysiology being detected by this im-
aging modality. SPECT-CT uses radionuclide bone scintigraphy to
identify areas of increased osteogenic activity and skeletal blood flow,
representing local inflammation or hyperemia [34,45]. Such inflam-
mation typically occurs early in the degenerative facet cascade and is
predictive of progressive radiologic anatomic abnormalities [46] such as
joint hypertrophy, peri-articular osteophytes and cartilage degeneration
typically seen later in the course of disease on MRI [9,47]. However,
these later findings do not necessarily correlate with areas of increased
uptake on SPECT-CT [44]. Thus, the positive response to intra-articular
injection of steroids at areas of increased uptake on SPECT-CT that was
not observed with MBBs likely represents the delivery to the optimal
location of an appropriately matched injectate (anti-inflammatory ste-
roids) for the pathophysiology present (inflammation) at that point in
the disease process. Similar relief of pain may not have been observed
with diagnostic MBBs in this study even if levels of increased uptake on
SPECT-CT are targeted if inflammation exists beyond the region of
anesthesia created by the MBB. Therefore, SPECT-CT may help identify
patients during an early inflammatory period of facet disease who will
benefit from intra-articular steroid injections, whereas MBBs and RFN
may still offer a viable treatment option for a more chronic phase of the
disease process not associated with inflammation for which SPECT-CT
may not be as valuable a diagnostic tool.

Previous studies looking at MRI have also failed to prove a rela-
tionship between anatomic abnormalities and pain [14,48,49]. How-
ever, these modalities offer information about the underlying anatomy
and metabolic changes that may be contributing to patients’ pain and
are valuable to the clinician making decisions when considered with
other clinical factors. Similarly, SPECT-CT findings may not indepen-
dently predict a positive response to MBB, but still provide valuable
information to the clinician making decisions about the most appro-
priate target for intervention.

There are several limitations to the methodology of this study. Given
the retrospective nature there was incomplete data in 9 % of injections
which had to subsequently be eliminated from the study which has
potential to introduce information bias. Although medial branch blocks
were selected as the diagnostic test of choice to minimize the time be-
tween intervention and patient self-report of pain, the potential for
recall bias still exists given any delay in query or report of this infor-
mation. The NRS value chosen to calculate the maximal pain improve-
ment could have been from a single timepoint and may not necessarily
reflect a sustained positive response. Furthermore, this study relied on
review of previously generated radiology reports to identify levels of
increased uptake on SPECT-CT. Given multiple raters and a lack of a
standardized grading scale that is used across the institution, there is
inherent subjectivity and interrater variability in identifying facet joints
with increased uptake. Additionally, due to practice variability many
patients, particularly early in the period of review, had only one MBB
available for review. To remain consistent across all patients only the
first medial branch block response was reviewed. Ideally, dual
comparative blocks would have been used to determine if individuals
had a positive response.

In conclusion, this study suggests that SPECT-CT cannot alone pre-
dict a positive response to lumbar MBBs, despite it being effective in
reducing pain in a subset of this population. Additional investigations
are needed to determine what additional clinical and imaging factors
taken in combination may best predict which subset of patients with
axial back pain will have a positive response to MBB. One potential
confounder of particular interest is the presence of increased uptake in
intervertebral endplates (an indicator of potential vertebral endplate
pain that may respond to basivertebral nerve ablation) at levels where
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MBB was performed. Furthermore, future prospective studies using
SPECT-CT in patients with and without pain undergoing intra-articular
corticosteroid and MBBs at various stages of the facet degenerative
process are needed to fully characterize the potential benefit of this
modality in identifying specific sources of pain in the lumbar spine. Until
more definitive conclusions can be reached, choosing the most appro-
priate level at which to perform facet-targeting procedures will continue
to depend upon integration of all available clinical data including
SPECT-CT when available.

5. Conclusions

These results do not support a significant isolated relationship be-
tween SPECT-CT findings and positive MBB. Other factors are and
should continue to be considered when deciding which lumbar facet
joints are injected until additional future research is able to help identify
which combinations of clinical and imaging findings best predict posi-
tive MBBs.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] BMUS: The burden of musculoskeletal diseases in the United States.

[2] Deyo RA, Mirza SK, Martin BI. Back pain prevalence and visit rates: estimates from
U.S. national surveys. Spine 2002;31(2006):2724-7.

[3] Guo HR, Tanaka S, Halperin WE, Cameron LL. Back pain prevalence in US industry
and estimates of lost workdays. Am J Publ Health 1999;89:1029-35.

[4] Katz JN. Lumbar disc disorders and low-back pain: socioeconomic factors and
consequences. J Bone Joint Surg Am 2006;88(Suppl 2):21-4.

[5] Pate RR, et al. Physical activity and public health. A recommendation from the
centers for disease control and prevention and the American college of sports
medicine. JAMA 1995;273:402-7.

[6] Hancock MJ, et al. Systematic review of tests to identify the disc SIJ or facet joint as
the source of low back pain. Eur Spine J 2007;16:1539-50.

[7] Schwarzer AC, Wang SC, Bogduk N, McNaught PJ, Laurent R. Prevalence and
clinical features of lumbar zygapophysial joint pain: a study in an Australian
population with chronic low back pain. Ann Rheum Dis 1995;54:100-6.

[8] Gellhorn AC, Katz JN, Suri P. Osteoarthritis of the spine: the facet joints. Nat Rev
Rheumatol 2013;9:216-24.

[9] Faure M, et al. Medical imaging of the lumbar facet joint. In: Surgery of the Spine
and spinal cord 457-470. Springer International Publishing; 2016. https://doi.org/
10.1007/978-3-319-27613-7_30.

[10] Kwee RM, Kwee TC. Imaging of facet joint diseases. Clin Imag 2021;80:167-79.
[11] SuriP, et al. Does lumbar spinal degeneration begin with the anterior structures? A
study of the observed epidemiology in a community-based population. BMC

Muscoskel Disord 2011;12:202.

[12] Weishaupt D, Zanetti M, Hodler J, Boos N. MR imaging of the lumbar spine:
prevalence of intervertebral disk extrusion and sequestration, nerve root
compression, end plate abnormalities, and osteoarthritis of the facet joints in
asymptomatic volunteers. Radiology 1998;209:661-6.

[13] Wiesel SW, Tsourmas N, Feffer HL, Citrin CM, Patronas N. A study of computer-
assisted tomography. I. The incidence of positive CAT scans in an asymptomatic
group of patients. Spine 1984;9:549-51.

[14] Jensen MC, et al. Magnetic resonance imaging of the lumbar spine in people
without back pain. N Engl J Med 1994;331:69-73.

[15] Cohen SP, Raja SN. Pathogenesis, diagnosis, and treatment of lumbar
zygapophysial (facet) joint pain. Anesthesiology 2007;106:591-614.

[16] van KM, et al. 12. Pain originating from the lumbar facet joints. Pain Pract 2010;
10:459-69.

[17] Bogduk N. International Spinal Injection Society guidelines for the performance of
spinal injection procedures. Part 1: zygapophysial joint blocks. Clin J Pain 1997;13:
285-302.

[18] Boswell MV, Singh V, Staats PS, Hirsch JA. Accuracy of precision diagnostic blocks
in the diagnosis of chronic spinal pain of facet or zygapophysial joint origin. Pain
Physician 2003;6:449-56.

[19] Manchikanti L, et al. Prevalence of facet joint pain in chronic spinal pain of
cervical, thoracic, and lumbar regions. BMC Muscoskel Disord 2004;5:15.

[20] Dreyfuss PH, Dreyer SJ, Herring SA. Lumbar zygapophysial (facet) joint injections.
Spine 1995;20:2040-7.

[21] Dreyer SJ, Dreyfuss PH. Low back pain and the zygapophysial (facet) joints. Arch
Phys Med Rehabil 1996;77:290-300.


http://refhub.elsevier.com/S2772-5944(24)00005-0/sref2
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref2
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref3
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref3
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref4
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref4
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref5
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref5
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref5
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref6
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref6
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref7
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref7
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref7
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref8
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref8
https://doi.org/10.1007/978-3-319-27613-7_30
https://doi.org/10.1007/978-3-319-27613-7_30
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref10
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref11
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref11
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref11
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref12
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref12
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref12
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref12
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref13
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref13
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref13
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref14
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref14
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref15
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref15
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref16
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref16
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref17
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref17
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref17
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref18
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref18
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref18
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref19
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref19
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref20
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref20
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref21
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref21

P. Scholten et al.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]
[33]

[34]

[35]

[36]

Boswell MV, et al. A best-evidence systematic appraisal of the diagnostic accuracy
and utility of facet (zygapophysial) joint injections in chronic spinal pain. Pain
Physician 2015;18:E497-533.

Rubinstein SM, van TM. A best-evidence review of diagnostic procedures for neck
and low-back pain. Best Pract Res Clin Rheumatol 2008;22:471-82.

Manchikanti L, et al. Comprehensive evidence-based guidelines for facet joint
interventions in the management of chronic spinal pain: American society of
interventional pain physicians (ASIPP) guidelines facet joint interventions 2020
guidelines. Pain Physician 2020;23:51-127.

Boswell MV, et al. Interventional techniques: evidence-based practice guidelines in
the management of chronic spinal pain. Pain Physician 2007;10:7-111.

Cohen SP, et al. Consensus practice guidelines on interventions for lumbar facet
joint pain from a multispecialty, international working group. Reg Anesth Pain
Med 2020;45:424-67.

Dreyfuss PH, Dreyer SJ. Lumbar zygapophysial (facet) joint injections. Spine J
2003;3:50S-9S.

Manchikanti L, Pampati V, Fellows B, Bakhit CE. The diagnostic validity and
therapeutic value of lumbar facet joint nerve blocks with or without adjuvant
agents. Curr Rev Pain 2000;4:337-44.

Kaplan M, Dreyfuss P, Halbrook B, Bogduk N. The ability of lumbar medial branch
blocks to anesthetize the zygapophysial joint. A physiologic challenge. Spine 1998;
23:1847-52.

Dreyfuss P, Schwarzer AC, Lau P, Bogduk N. Specificity of lumbar medial branch
and L5 dorsal ramus blocks. A computed tomography study. Spine 1997;22:
895-902.

Ackerman WE, Munir MA, Zhang JM, Ghaleb A. Are diagnostic lumbar facet
injections influenced by pain of muscular origin? Pain Pract 2004;4:286-91.
Cohen SP, Larkin TM, Chang AS, Stojanovic MP. The causes of false-positive medial
branch (facet joint) blocks in soldiers and retirees. Mil Med 2004;169:781-6.
Dolan AL, et al. The value of SPECT scans in identifying back pain likely to benefit
from facet joint injection. Br J Rheumatol 1996;35:1269-73.

Pneumaticos SG, Chatziioannou SN, Hipp JA, Moore WH, Esses SI. Low back pain:
prediction of short-term outcome of facet joint injection with bone scintigraphy.
Radiology 2006;238:693-8.

Tender GC, et al. Primary pain generator identification by CT-SPECT in patients
with degenerative spinal disease. Neurosurg Focus 2019;47:E18.

Dutton JA, Hughes SP, Peters AM. SPECT in the management of patients with back
pain and spondylolysis. Clin Nucl Med 2000;25:93-6.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Interventional Pain Medicine 3 (2024) 100387

Freiermuth D, et al. Correlation of (99m) Tc-DPD SPECT/CT scan findings and
diagnostic blockades of lumbar medial branches in patients with unspecific low
back pain in a randomized-controlled trial. Pain Med 2015;16:1916-22.
Ackerman 3rd WE, Ahmad M. Pain relief with intraarticular or medial branch
nerve blocks in patients with positive lumbar facet joint SPECT imaging: a 12-week
outcome study. South Med J 2008;101:931-4.

Kalichman L, et al. Facet joint osteoarthritis and low back pain in the community-
based population. Spine 2008;33:2560-5.

Eubanks JD, Lee MJ, Cassinelli E, Ahn NU. Prevalence of lumbar facet arthrosis and
its relationship to age, sex, and race: an anatomic study of cadaveric specimens.
Spine 2007;32:2058-62.

Brinjikji W, et al. Systematic literature review of imaging features of spinal
degeneration in asymptomatic populations. AJNR Am J Neuroradiol 2015;36:
811-6.

Kalichman L, Kim DH, Li L, Guermazi A, Hunter DJ. Computed tomography-
evaluated features of spinal degeneration: prevalence, intercorrelation, and
association with self-reported low back pain. Spine J 2010;10:200-8.

Kim JH, et al. The prevalence of asymptomatic cervical and lumbar facet
arthropathy: a computed tomography study. Asian Spine J 2019;13:417-22.
Lehman VT, et al. Frequency of discordance between facet joint activity on
technetium Tc99m methylene diphosphonate SPECT/CT and selection for
percutaneous treatment at a large multispecialty institution. AJNR Am J
Neuroradiol 2014;35:609-14.

Tan AL, Keen HI, Emery P, McGonagle D. Imaging inflamed synovial joints.
Methods Mol Med 2007;135:3-26.

Hutton CW, Higgs ER, Jackson PC, Watt I, Dieppe PA. 99mTc HMDP bone scanning
in generalized nodal osteoarthritis. II. The four hour bone scan image predicts
radiographic change. Ann Rheum Dis 1986;45:622-6.

Kim KY, Wang MY. Magnetic resonance image-based morphological predictors of
single photon emission computed tomography-positive facet arthropathy in
patients with axial back pain. Neurosurgery 2006;59:147-56. discussion 147-56.
Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW. Abnormal magnetic-
resonance scans of the lumbar spine in asymptomatic subjects. A prospective
investigation. J Bone Joint Surg Am 1990;72:403-8.

Roudsari B, Jarvik JG. Lumbar spine MRI for low back pain: indications and yield.
AJR Am J Roentgenol 2010;195:550-9.


http://refhub.elsevier.com/S2772-5944(24)00005-0/sref22
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref22
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref22
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref23
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref23
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref24
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref24
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref24
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref24
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref25
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref25
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref26
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref26
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref26
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref27
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref27
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref28
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref28
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref28
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref29
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref29
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref29
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref30
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref30
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref30
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref31
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref31
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref32
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref32
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref33
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref33
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref34
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref34
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref34
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref35
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref35
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref36
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref36
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref37
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref37
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref37
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref38
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref38
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref38
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref39
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref39
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref40
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref40
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref40
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref41
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref41
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref41
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref42
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref42
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref42
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref43
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref43
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref44
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref44
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref44
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref44
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref45
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref45
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref46
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref46
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref46
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref47
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref47
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref47
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref48
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref48
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref48
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref49
http://refhub.elsevier.com/S2772-5944(24)00005-0/sref49

	Correlating SPECT-CT activity in lumbar facet joints with response to lumbar medial branch and L5 dorsal ramus blocks
	1 Introduction
	2 Material and methods
	2.1 Patients
	2.2 99mTc medronate SPECT-CT examination
	2.3 Interventional protocol
	2.4 Image analysis
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Declaration of competing interest
	References


