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ABSTRACT

BACKGROUND AND PURPOSE: The clinical impact of facet joint bone scan activity is not fully understood. The hypothesis of this study
is that facet joints targeted for percutaneous treatment in clinical practice differ from those with reported activity on technetium Tc99m
methylene diphosphonate SPECT/CT.

MATERIALS AND METHODS: All patients with a technetium Tc99m methylene diphosphonate SPECT/CT scan of the lumbar or cervical
spine who underwent subsequent percutaneous facet joint steroid injection or comparative medial branch blocks at our institution
between January 1, 2008, and February 19, 2013, were identified. Facet joints with increased activity were compared with those treated. A
chart review characterized the clinical reasons for treatment discrepancies.

RESULTS: Of 74 patients meeting inclusion criteria, 52 (70%) had discrepant imaging findings and treatment selection of at least 1 facet
joint, whereas 34 patients (46%) had a side (right vs left) discrepancy. Only 92 (70%) of 132 facet joints with increased activity were treated,
whereas 103 (53%) of 195 of treated facet joints did not have increased activity. The most commonly documented clinical rationale for
discrepancy was facet joint activity that was not thought to correlate with clinical findings, cited in 18 (35%) of 52 patients.

CONCLUSIONS: Facet joints undergoing targeted percutaneous treatment were frequently discordant with those demonstrating in-
creased technetium Tc99m methylene diphosphonate activity identified by SPECT/CT at our institution, in many cases because the active
facet joint(s) did not correlate with clinical findings. Further prospective double-blinded investigations of the clinical significance of facet
joint activity by use of technetium Tc99m methylene diphosphonate SPECT/CT and comparative medial branch blocks are needed.

ABBREVIATIONS: *™Tc MDP = technetium Tc99m methylene diphosphonate; RF = radiofrequency

linical examination and anatomic imaging do not reliably

identify specific painful facet joints.'” Prior studies suggest
that technetium Tc99m methylene diphosphonate (°*™Tc MDP)
bone scan activity can predict if a facet joint is painful and if there
will be a positive response to percutaneous intervention targeted
specifically to active facet joints.*® These prior studies used strict
treatment of every facet joint with increased radiotracer activity
onbone scan,*® concluding that > Tc MDP SPECT can decrease
the number of treated facet joints.4 However, those results can
only be applicable if this is used in clinical practice and is feasible.
Moreover, these studies did not incorporate CT scan for facet
jointlocalization, use comparative medial branch blocks for diag-
nosis, include clearly blinded patients and proceduralists, or ex-
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amine the impact of °*™Tc MDP bone scan results in actual clin-
ical practice. Such shortcomings limit the conclusions of these
prior reports and indicate the need for further examination of the
clinical usefulness of **™Tc MDP facet joint activity. In addition,
evaluation of the impact of imaging in actual practice is important
because the efficacy demonstrated in clinical studies often does
not translate into true clinical effectiveness when the ideal rigor-
ous methods of the efficacy study are no longer applied.” That is,
the effect of real-life variables such as clinical findings suggesting
facet joint pain on a specific side or level and the variability of
physician experience and philosophy should be evaluated to con-
firm or refute the impact of controlled studies on actual clinical
practice and to identify areas in need of future investigation.

In our anecdotal experience, the specific facet joints referred
for percutaneous facet joint intervention are sometimes widely
discordant from those with reported activity on *™Tc MDP
SPECT/CT. Specifically, we have seen some patients with sus-
pected facetogenic pain where the **Tc MDP SPECT/CT scan

does not seem to demonstrate concordant facet joint activity in
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the location or even on the side of pain. We have also observed
that many facet joints with bone scan activity do not seem to
correlate with a clinical facet joint pain syndrome. However, the
concordance of facet joint bone scan activity and targeted facet
joint treatment in actual clinical practice is not well described.
Furthermore, the clinical rationale for imaging-procedural dis-
crepancy is not known.

The hypothesis of this study is that facet joints that are targeted
for percutaneous treatment in clinical practice differ from those
with reported activity on ***Tc MDP SPECT/CT scans.

MATERIALS AND METHODS

Patients

Approval for this Health Information Portability and Account-
ability compliant study was obtained from our institutional re-
view board.

A chart review was performed of all patients who underwent
both **Tc MDP SPECT/CT imaging of the cervical or lumbar
spine and percutaneous facet joint intervention (facet joint injec-
tion or medial branch block) between January 1, 2008, and Feb-
ruary 19, 2013, at our institution.

Exclusion criteria were as follows: 1) cases in which the interval
between the *™Tc MDP SPECT/CT examination and facet joint
injection exceeded 100 days, and 2) cases in which facet joints with
increased *™Tc MDP activity were not specifically named by level
and side in the radiology report (eg, a statement such as “scattered
facet joint activity” or “lower lumbar facet joint activity”).

’™Tc MDP SPECT/CT Examinations

Patients underwent SPECT/CT of the cervical or lumbar spine
3—4 hours after injection with 20 mCi (+10%) *™Tc MDP. Ex-
aminations were performed on a Precedence 6-section or a 16-
section scanner (Skylight SPECT system and Brilliance CT
scanner; Philips Healthcare, Best, the Netherlands). SPECT pa-
rameters were as follows: 128 X128 word mode matrix, 128 views
at 20 seconds per view, 1.46 zoom factor, step-and-shoot angular
step of 3°, body contouring, and low-energy all-purpose collima-
tor. CT parameters were as follows: 120 kVp, 60 mAs per section,
3-mm section thickness, and 3-mm increment. CT studies were
acquired with helical scans with a pitch of 0.788 (6-section) or
0.813 (16-section) and a collimator thickness of 3 mm (6-section)
and 1.5 mm (16-section).

Chart Review of SPECT/CT Reports and Treated Facet
Joints

All relevant clinical notes between the time of **™Tc MDP
SPECT/CT examinations and facet joint interventions, the **™Tc
MDP SPECT/CT reports, the 99mTc MDP SPECT/CT images, the
facet joint intervention procedure reports, and the procedural
fluoroscopy images were reviewed in detail by a board-certified
radiologist (V.T.L.) for side and level confirmation. All images
were viewed on an Advantage workstation (GE Healthcare, Mil-
waukee, Wisconsin). Because the aim of our study was to charac-
terize selection of treated facet joints in actual clinical practice
rather than patient outcome, we did not perform de novo char-
acterization of facet joint activity and success of facet joint injec-
tion (intra-articular vs periarticular). The specialty of the refer-
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ring clinical provider was recorded. Cases in which the referring
provider differed from the provider who ordered the **™Tc MDP
SPECT/CT were noted; in these cases, the clinical notes of the
referring provider were examined.

In the cervical spine, the bilateral C1-2 articulations through
the C7-T1 facet joints were assessed (totaling 14 cervical facet
joints for each patient). In the lumbar spine, the bilateral T12-L1
through the L5-S1 facet joints were assessed (totaling 12 facet
joints for each patient). Because the number of lumbar vertebral
bodies is variable, the lowest presacral lumbar-type vertebral body
was designated L5 for the purposes of this analysis.

The facet joints targeted for percutaneous intervention,
method of intervention (steroid injection or medial branch
block), and type of image guidance were recorded. Although me-
dial branch blocks are diagnostic procedures usually performed
in 2 sessions to determine the appropriateness of subsequent
radiofrequency (RF) ablation at our institution, the facet joints
targeted with the first medial branch block were used for this
portion of the analysis for consistency.

Patient Referral Practice Model

Our institution is a large, multispecialty, tertiary referral center
and includes a dedicated spine center with a spine clinic and a
spine interventional practice. The spine interventional practice is
staffed by fellowship-trained musculoskeletal radiologists, neuro-
radiologists, physical medicine and rehabilitation physicians, and
anesthesiologists with subspecialty training in pain management.
Specific facet joints targeted by the interventional practice are
generally requested by referring clinicians. Occasionally, the pro-
ceduralist will choose different facet joints to target after confer-
ring with the referring clinician. Referrals commonly come from
pain medicine, though a wide variety of clinicians such as neurol-
ogists or primary care physicians also provide referrals. Facet joint
interventions may be either steroid injections or RF ablation after
dual comparative medial branch blocks, though facet joint injec-
tions are used more frequently at our institution. No specified
criteria exist for selection of medial branch blocks with RF abla-
tion; these are chosen based on clinical factors such as the prefer-
ence of the specific referring provider and the expertise of the
requested proceduralist. The specialty of the proceduralist for
each intervention was recorded.

Data Analysis

A grouped data analysis was performed for all included patients.
Subanalyses for the lumbar spine and cervical spine were also
performed. The presence or absence of reported increased activity
within each facet joint was compared with the presence or absence
of targeted treatment of that facet joint. Facet joints were placed
into 3 categories: 1) facet joints with reported **™Tc MPD activity
and that were also treated (concordant), 2) facet joints with re-
ported **™Tc MDP activity and that were not targeted for treat-
ment (discordant), and 3) treated facet joints that were not re-
ported as having *™Tc MDP activity (discordant). Patients were
also categorized as either having 1) concordance of activity and
injection for every facet joint or 2) at least 1 discordant facet
joint. Facet joints without increased radiotracer activity that
were not treated were also considered concordant, but further
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FIG1. Number of lumbar facet joints per level with reported increased activity, total treated at
that level with breakdown of those treated with and without activity. The left and right facet

joints are grouped at each level.

detailed analysis of this category was not performed because a
large number of facet joints that would not have been consid-
ered for treatment with or without imaging likely fall within
this group.

The degree of left-right concordance of facet joint interven-
tions and activity was recorded. Specifically, it was determined for
each patient if 1) there was at least 1 injection on a side without a
single facet joint with increased activity and/or, 2) there was a side
with at least 1 facet joint with increased activity but without a
single injection.

Categorization of Rationale for °*"Tc MDP
SPECT/CT-Procedural Discrepancy

In cases with requests for facet joint intervention that were dis-
cordant with the *™Tc¢ SPECT/CT results in at least 1 facet joint,
the clinical rationales for the discrepancies were categorized as
follows: 1) facet joints with activity that did not correlate with
clinical examination, 2) consideration of positive or negative re-
sponse of some facet joints to prior intervention, 3) de-emphasis
of facet joints with relatively low reported activity, 4) too many
facet joints with activity to include each one for treatment, 5) targeted
facet joints selected based on anatomic features of facet joint degen-
erative change or information obtained from other imaging test such
as MR imaging, and 6) no documented clinical reasoning identified.
Cases with multiple cited categories were grouped into the single
predominant category cited in the medical record.

RESULTS

Patients, Referring Clinicians, and **™Tc MDP

SPECT/CT Examinations

A total of 78 patients with a **™Tc MDP SPECT/CT and subse-
quent facet joint injection were identified. Overall, 4 were ex-
cluded for the following reasons: nonspecific reporting of facet
joint activity in the radiology report (n=3), and > 100-day inter-

M Increased Activity
M Total Treated
W Treated with Increased Activity

M Treated without Increased Activity

val between imaging and intervention
(n=1). Therefore, 74 patients were in-
cluded in this study, consisting of 43
women and 31 men with a mean age of 59
years (age range, 28-93 years). No in-
cluded patient had a °*™Tc MDP
SPECT/CT and intervention of both the
lumbar and cervical spine. Fifty-five pa-
tients (74%) underwent °°™Tc MDP
SPECT/CT and injection of the lumbar
spine; 19 patients (26%), of the cervical
spine. A total of 926 facet joints were as-
sessed in this study: 660 in the lumbar
spine and 266 in the cervical spine. The
mean time between the °°™Tc MDP
SPECT/CT and the percutaneous inter-
vention was 15.6 days (range, 0-99 days)
overall, 13.4 days (range, 0-99 days) for
the lumbar spine, and 22.1 days (range,
0-65 days) for the cervical spine.

The clinicians who ordered the **™Tc
MDP SPECT/CT by specialty were physi-
cal medicine and rehabilitation (1=48;
65%), pain medicine (n=10; 14%), neu-
rology (n=7; 9%), orthopedics (n=4; 5%), primary care (n=3;
4%), and rheumatology (n=2; 3%). Pain medicine includes physi-
cians with either a physical medicine and rehabilitation or anesthesi-
ology background. All 74 **Tc MDP SPECT/CT examinations
(100%) were originally performed with an indication to identify a
pain generator rather than for a different category of diagnosis, such
as metastatic disease or infection evaluation. Specifically, of the 74
examinations performed, 43 (58%) had an indication for facet joint
evaluation, 23 (31%) were ordered to identify a pain generator with a
general indication of “low back pain,” 6 (8%) were ordered to iden-
tify a pain generator with a general indication of “neck pain,” 1 (1%)
was ordered to evaluate for possible fracture, and 1 (1%) was ordered
to evaluate for a possible pars interarticularis defect.

Of 74 facet joint treatment referrals, 64 (86%) were requested
directly from the physician who officially requested the **™Tc
MDP SPECT/CT. Of the remaining 10 (14%) patients, facet joint
injections were requested via an intermediary pain medicine spe-
cialist for 6 patients and an intermediary physical medicine and
rehabilitation specialist in 4 patients.

Facet Joint Activity and Percutaneous Treatment

Overall, 132 facet joints (14%) had increased activity, 103 (16%) of
660 in the lumbar spine and 29 (11%) of 266 in the cervical spine. A
total of 195 facet joints (21%) underwent percutaneous treatment
under fluoroscopy: 156 (23%) in the lumbar spine and 39 (15%) in
the cervical spine. The most common lumbar and cervical levels with
both facet joint activity (n=39) and intervention were L4-5 (n=67)
and C3—4 (n=11), respectively. Overall, 67 (91%) of 74 patients un-
derwent steroid injection: 49 (89%) in the lumbar spine and 18
(95%) in the cervical spine. Seven patients (9%) underwent medial
branch block: 6 (11%) in the lumbar spine and 1 (5%) in the cervical
spine. The rate of reported concordant/discordant facet joint activity
and treatment at each level is depicted in Figs 1 and 2.
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On a per-patient basis, 52 patients (70%) had at least 1 dis-
crepancy between reported facet joint activity and treatment,
whereas 22 (30%) had no discrepancy, including 14 with lumbar
spine intervention and 8 with cervical spine intervention. The
rates of discrepancy per patient according to specialty of provider
who directly ordered the facet joint injection were as follows: 1)
physical medicine and rehabilitation (34 [69%] of 49), 2) pain
medicine (10 [66%] of 16), 3) neurology (3 [100%] of 3), 4) adult
primary care (2 [100%] of 2), 5) orthopedic surgery (2 [66%] of
3), and 6) rheumatology (1 [100%] of 1).

On a per-facet basis, 92 (47%) of 195 treated facet joints had
increased activity on the **Tc MDP SPECT/CT, whereas 103
targeted fact joints (53%) did not have increased activity. There-
fore, of the 132 facet joints with increased activity, 92 (70%) were
treated and 40 (30%) were not. The breakdown of the rate of facet
joint intervention by activity and anatomic region is listed in Table 1.

Overall, 34 (46%) of 74 patients had a right-left side discrep-
ancy. Specifically, 11(15%) of 74 had activity on 1 side that was
not treated, and 24 (32%) of 74 patients had treatment to at least
1 side that did not have increased activity. One patient was in-
cluded in both of these groups. Clinical examples of patients with
discordant treatment are depicted in Figs 3 and 4.

Clinical Reasons for **™Tc MDP SPECT/CT and

Procedure Discordance

A total of 31 (60%) of 52 patients with a discrepancy had a docu-
mented clinical reason, whereas 21 (40%) did not. The most com-
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FIG2. Number of cervical facet joints per level with reported increased activity, total treated at
that level with breakdown of those treated with and without activity. The left and right facet

joints are grouped at each level.

M Increased Activity
M Total Treated
W Treated with Increased Activity

M Treated without Increased Activity

mon cited reason was that the **™Tc MDP activity did not corre-
spond with the clinical findings, documented in 18 (35%) of 52
patients. The reasons for discordance are detailed in Table 2.

DISCUSSION

The results of our study are that in the clinical practice at a large
multispecialty institution, targeted percutaneous facet joint treat-
ments were discrepant from **™Tc MDP SPECT/CT activity in
most patients, many facet joints with increased activity were not
targeted, many targeted facet joints did not demonstrate in-
creased activity, and facet joint activity did not always correlate
with clinically suspected painful facet joints or even the side of
suspected painful facet arthropathy. These findings have implica-
tions for patient treatment and the need for further evaluation of
the significance, accuracy, and predictive ability of **™Tc¢ MDP
SPECT/CT findings in evaluation of facet joint pain.

Prior reports have found that strictly targeting facet joints with
increased “*™Tc MDP activity is predictive of a positive response
to percutaneous treatment*® and that use of bone scans can de-
crease the number of treated facet joints.4 However, in the current
retrospective review of our institution, this association did not
translate into actual clinical practice for patients in whom **™T¢c
MDP SPECT/CT examinations were ordered specifically to iden-
tify pain generators, mostly by pain physicians. The most com-
monly found documented reason was lack of correlation of facet
joints with increased activity and clinical findings. Therefore, it is
possible that the requesting providers were unable to reconcile
these apparent discrepancies and, when
discordant, instead requested treatment
of clinically implicated facet joints. For
clinicians to reconcile widely discrepant
imaging and clinical indicators, strong ev-
idence guiding the usefulness, accuracy,
and impact on patient outcomes is desir-
able. However, the lack of prior studies
that fully meet current practice standards
in conjunction with the results of our cur-
rent study suggests that the significance of
facet joint activity with *™Tc is not yet
fully understood.

Prior studies were performed with
99mTc SPECT only,*© rather than **™Tc
SPECT/CT for anatomic co-localization
to definitively confirm the correct level of
activity. Anatomic co-localization is im-
portant because facet joints are anatomi-
cally juxtaposed, the number of vertebral
bodies is variable, and transitional lum-
bosacral vertebral bodies are present in
4%-30% of patients.8 Previously, criteria
for active facet joints were either not

Table 1: Facet joint *™Tc MDP activity, percutaneous treatment, and anatomic region

Facet Joints Treated Percutaneously

Facet Joints Not Treated Percutaneously

Lumbar (n =156) Cervical (n = 39)

Overall (n =195)

Lumbar (n =504) Cervical (n=227) Overall (n =731)

Activity present (%)
Activity absent (%)

73 (47) 19 (49)
83 (53) 20 (51)

92 (47)
103 (53)

30(6) 10 (4) 40 (5)
474 (94) 217 (96) 691(95)
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FIG 3. Left-right discordance with treatment of side with no reported activity in addition to a
side with activity in a 90-year-old woman with bilateral low back pain. *™Tc MDP SPECT/CT
demonstrates activity at the right, but not left, L3/L4 facet joint (A), and no reported increased
activity at the bilateral L4/L5 facet joints (B) or other lumbar facet joints. Because of severe
bilateral low back pain attributed to facet arthropathy, she underwent bilateral L3/L4 and L4/L5
facet joint injections.

FIG 4. Left-right discordance with absent treatment on a side with activity as well as level
discordance in a 60-year-old woman with back pain and clinical findings supporting a left upper
facet joint pain generator. Mildly increased activity in the left L1-L2 facet joint (A) and marked
increased activity in the right L4—L5 facet joint (B). Only the left L1-L2 facet joint underwent
facet joint steroid injection.

Table 2: Reasons for discrepancy between facet joint activity and treatment

facet joint injections remain a treatment
option in routine clinical practice, these
have a 32% placebo rate.'® Comparative
medial branch blocks are now considered
the reference standard for diagnosis of pain-
ful facet joints and should be used for rigor-
ous prospective study that will be fully ac-
cepted by the pain medicine community."'
There are many possible explanations
for the results of our study, though these
are speculative given the retrospective
study design. **™Tc MDP facet joint ac-
tivity may not be necessary for or provide
sufficient evidence of a painful facet joint.
That s, facet joint activity is dependent on
vascularity and chemisorption into bone
mineral, particularly during osteoneo-
genesis,'”> and therefore has multiple po-
tential causes such as active growth of an
osteophyte'® or inflammation.*'* These
may not be equally associated with pain.
In addition, the pathomechanism of facet
joint pain is not fully understood and is
likely multifactorial.'® It is possible that
bone scan activity is present with some,
but not all, causes or predisposing factors
of facet joint pain. Clinicians may have
also, knowingly or unknowingly, consid-
ered the reported prevalence of facet joint
pain at specific spinal levels in decision
making, which would be consistent with
the finding that many facet joints without
activity that were treated were at the L4 -5
level.'® Because clinical localization of

Patient Group facet joint pain is challenging, it is possi-

Lumbar Cervical Overall ble that some cases had false assignment

Reason (n=41) (n=1) (n=52) ofdiscordant facet joint activity and clin-

Not documented (%) 18 (44) 3(27) 21(40) ical findings. However, the cases of com-

Active facet joint not concordant with clinical findings (%)  13(32) 5 (45) 18 (35) plete side discrepancy indicate that false

Consideration of response (or lack of) to prior targeted 6(15) 3(27) 9(17) clinical localization is unlikely in all dis-
treatment (%) dant . note that . tud

Relatively low reported activity (%) 2(5) 0(0) 2(4) cordan ciases, note that a prior: study

Too many active facet joints to inject (%) 0(0) 0(0) 0(0) found no instances of contralateral facet

Information from other imaging (%) 2(5) 0(0) 2(4) joint pain referral.'” Finally, it is possible

clearly defined>® or were arbitrarily designated as those greater
than the adjacent vertebral body,* which could be problematic
because vertebral body activity at the levels of degenerative spinal
disease is highly variable in our experience. In addition, prior
studies have included patients and proceduralists who were not
clearly blinded,*® had widely overlapping statistical error mea-
surements between treatment and control groups,* and/or used
facet joint injections/single medial branch blocks.*® A prior case
series analysis describes a positive response to treatment of facet
joints selected with **™Tc SPECT/CT where the patients and pro-
ceduralists were not clearly blinded, there was no control group,

and comparative medial branch blocks were not used.” Although

that patients who underwent *™Tc MDP
SPECT/CT were a subgroup with confus-
ing or challenging clinical findings and were not fully representa-
tive of all patients with facetogenic back pain.

Because our institution did not collect outcome data in a consis-
tent standardized format for all patients during the period of this
retrospective study, lack of outcome assessment was a limitation.
However, outcome data derived from patients treated primarily with
steroid injections would have had limited usefulness because reliable
determination of facet joint pain depends on consistent use of diag-
nostic comparative medial branch blocks.'* Strict use of comparative
medial branch blocks would likely require a prospective study design,
ideally randomized and double blinded. Even with this limitation,
the results of this study do enhance clinical equipoise for such a future
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investigation because the effectiveness of 9mTc MDP SPECT/CT
for prescription of treatment of specific facet joints in actual clinical
practice was not high.

Our study had several other limitations. Because the patients were
treated at a single institution, it is uncertain how generalizable these
results were, and corroboration of results from other institutions
would strengthen the findings. The retrospective study design pre-
cluded standardized patient recruitment, clinical assessment of all
patients, consistent auditing of clinical decision making, and assess-
ment of the efficacy of facet joint treatments. The included patients
were assessed by a variety of clinicians who may have had different
varying approaches to the use of bone scan activity in clinical decision
making. The **™Tc MDP examinations were interpreted by a variety
of nuclear medicine physicians who might have had varied practice
patterns and varied thresholds for reporting or intervening on imag-
ing findings. There is no commonly used clinical grading scale of
facet joint activity, and our study dichotomized activity on the basis
of only the radiology reports, reflecting actual clinical practice. A
small number of facet joint injections were ordered by physicians
who did not originally order or reference the bone scan.

In addition, future research could evaluate the significance of de-
gree of facet joint activity and could evaluate if other clinical or ra-
diographic findings are useful when used in conjunction with > Tc
MDP SPECT/CT results. It would also be useful to establish the prev-
alence of facet joint activity in patients without axial low back pain to
assess specificity.

CONCLUSIONS

Facet joints undergoing targeted percutaneous treatment were
frequently discordant with those demonstrating increased **™Tc
MDP activity identified by SPECT/CT at our institution, often
because the active facet joints did not seem to correlate with clinical
findings. Further prospective, double-blinded investigation of the
clinical significance of facet joint activity by use of **Tc MDP
SPECT/CT and comparative medial branch blocks is needed.
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