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Purpose: Chronic neck pain is a prevalent condition that significantly impairs quality of life and contributes to disability. The cervical
facet joint (CFJ) is a common source of neck pain, and intraarticular (IA) corticosteroid injections are widely utilized for symptom
relief. However, accurately predicting treatment outcomes remains challenging. This study aimed to evaluate the utility of bone single-
photon emission computed tomography (SPECT) in predicting the therapeutic response to [A corticosteroid injections in patients with
CFJ-origin neck pain.

Patients and Methods: A retrospective analysis was conducted on 102 patients who underwent IA CFJ corticosteroid injections
between March 2010 and December 2020. Patients were stratified into two groups based on bone SPECT findings: those with
increased CFJ radiotracer uptake (SPECT+ group, n=60) and those without (SPECT— group, n=42). Pain intensity was assessed using
the numeric rating scale (NRS) before treatment and at the 1-month follow-up. Treatment success was defined as a >50% reduction in
NRS scores. Statistical analyses were performed to compare outcomes between groups.

Results: Both the SPECT+ and SPECT— groups exhibited significant pain reduction following IA corticosteroid injection (P < 0.001
for both groups). However, the SPECT+ group demonstrated significantly greater pain relief compared to the SPECT— group at the
1-month follow-up (P = 0.007). Furthermore, the treatment success rate was significantly higher in the SPECT+ group (63.3%) than in
the SPECT— group (38.1%) (P = 0.012).

Conclusion: Bone SPECT is a valuable imaging modality for predicting the therapeutic efficacy of IA corticosteroid injections in
patients with CFJ-origin neck pain. The findings suggest that increased CFJ radiotracer uptake is associated with a greater likelihood of
achieving significant pain relief, underscoring the potential role of inflammation in treatment response.

Keywords: chronic pain, neck pain, zygapophyseal joint, single photon emission computed tomography computed tomography,
steroids

Introduction

Chronic neck pain is among the most prevalent clinical complaints in patients presenting to pain clinics.' It significantly
impairs quality of life and is a leading cause of disability." The cervical facet joint (CFJ) is frequently implicated in
persistent neck pain, accounting for approximately 50% of cases of chronic neck pain.® Mechanical stress and
inflammatory processes affecting the CFJ contribute to axial neck pain.’

A variety of treatment modalities, including oral analgesics, physical therapy, and interventional procedures, are
employed to manage CFJ-related neck pain.>”’ Among these, intraarticular (IA) corticosteroid injection is widely utilized
due to its potent anti-inflammatory effects and substantial pain-relieving properties.®> Although the number of studies on
the effect of IA corticosteroid injection is limited, its pain-relieving effect has been reported to potentially last for up to 2
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to 6 months and is being widely used in current clinical practice.”™’ Predicting the therapeutic response to IA
corticosteroid injection is essential for optimizing patient management. As corticosteroids exert their effects primarily
through anti-inflammatory mechanisms, patients with significant CFJ inflammation are expected to experience greater
pain relief than those without substantial inflammatory involvement.'%!!

Conventional imaging modalities, such as radiography, computed tomography (CT), and magnetic resonance imaging
(MRI), are useful for detecting anatomical changes.'? However, these techniques have limited utility in identifying
inflammation within or surrounding the CFJ.'? CT is primarily used to evaluate osseous structures and lacks sensitivity
for detecting active inflammation. MRI cannot detect low-grade synovial inflammation or early inflammatory changes
without overt structural abnormalities. Therefore, they are inadequate for predicting the therapeutic response to IA
corticosteroid injection. Additionally, degenerative and other anatomical changes in the CFJ do not necessarily correlate
with pain generation, reducing their usefulness in localizing pain sources in CFJ-related neck pain."

Conversely, bone single-photon emission computed tomography (SPECT) imaging enables the identification of
metabolically active regions associated with inflammation.'* Bone tracers preferentially accumulate in areas of increased
bone remodeling and perfusion, facilitating the detection of sites of pain and inflammation within the CEJ.'"*'> Thus,
bone SPECT may serve as a valuable tool for predicting the therapeutic response to IA corticosteroid injection by
assessing inflammation within or around the CFJ. We hypothesized that patients with increased radiotracer uptake on
bone SPECT, indicating active inflammation, would experience a greater therapeutic response to IA corticosteroid
injection than those without such uptake.

In this study, we evaluated the therapeutic outcomes of IA corticosteroid injection in patients with CFJ-related neck
pain, stratified according to the presence of increased CFJ uptake on bone SPECT imaging.

Materials and Methods

Patients

This retrospective study was conducted at a single university hospital and included patients who underwent IA CFJ
corticosteroid injections for the management of CFJ-origin neck pain between March 2010 and December 2020. The
inclusion criteria were as follows:

1. Age between 20 and 80 years.

2. Undergoing bone SPECT prior to IA CFJ corticosteroid injection to assess potential increased radiotracer uptake in
the CFJ.

Persistent axial neck pain for at least three months preceding IA corticosteroid injection.

> 50% temporary pain relief following a diagnostic block with IA injection of 0.3 mL of 2% lidocaine.
Baseline numeric rating scale (NRS) pain score of >3 (NRS: 0 = no pain, 10 = worst pain imaginable).

AN

Auvailability of follow-up evaluation at one month post-IA corticosteroid injection.

Exclusion criteria included the presence of systemic infections, coagulopathy, contrast media allergies, or rheumatic
disorders. The study was approved by the Institutional Review Board of Yeungnam University Hospital. The requirement
for informed consent was waived by the institutional review board of Yeungnam University Hospital owing to the
retrospective nature of the study. The study was conducted in accordance with the Declaration of Helsinki. All patient
data were anonymized and handled with strict confidentiality to ensure privacy and data protection.

Bone Single-Photon Emission Computed Tomography

SPECT imaging was performed approximately three hours following intravenous administration of 740 MBq technetium-
99m methylene diphosphonate. Image acquisition was conducted using a dual-headed SPECT system (Hawkeye; GE
Healthcare, Milwaukee, WI, USA) equipped with low-energy high-resolution collimation. The energy window was
centered at 140 keV with a 20% range. The imaging protocol employed a step-and-shoot acquisition method with 3°
intervals over a 180° arc and a 30-second acquisition time per stop. Image reconstruction was performed using an
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Figure | Bone single-photon emission computed tomography (SPECT) imaging of a 72-year-old man with cervical facet joint-origin neck pain. Increased radiotracer uptake
is observed in the bilateral C5-6 joints.

iterative ordered subset expectation maximization (OSEM) algorithm with two iterations and ten subsets in a 64x64
matrix. Scatter and attenuation correction were not applied. SPECT images were independently reviewed in a blinded
manner by a nuclear medicine specialist with over 15 years of experience, who assessed CFJ radiotracer uptake without
having information on the patients’ treatment outcomes (Figure 1).

Intraarticular Corticosteroid Injection

For IA corticosteroid injection, a posterior approach was employed with the patient in the prone position under C-arm
fluoroscopy (Siemens). The patient’s upper body was supported by two pillows to maintain neck flexion, and the head
was rotated 60—90° away from the injection site. The C-arm tube was then adjusted cephalad until proper alignment with
the CFJ space was achieved. Intraarticular access was confirmed by the administration of a 0.3 mL contrast injection.
Subsequently, a 26-gauge, 90-mm spinal needle was used to deliver 10 mg (0.25 mL) of triamcinolone acetonide in
combination with 0.25 mL of 0.125% bupivacaine.

In patients exhibiting increased CFJ radiotracer uptake on bone SPECT (SPECT+ group), IA CFJ corticosteroid
injections were administered directly into the CFJs demonstrating increased radiotracer uptake. In contrast, for patients
without increased CFJ radiotracer uptake (SPECT— group), CFJs for IA corticosteroid injection were selected based on
the distribution of pain, findings from physical examination (eg, localized tenderness), and evidence of degenerative CFJ
pathology (osteophytes, bone sclerosis, or joint effusion) identified on radiographs or MRI. Throughout the follow-up
period, no additional interventional pain management procedures were performed.

Outcome Measurements

Pain intensity was assessed using the NRS both prior to the injection and at the 1-month follow-up. A reduction of >50%
in the NRS score was defined as a successful treatment outcome. The assessment of outcomes was conducted via
retrospective review of patient medical records.

Statistical Analysis

Statistical analyses were conducted using SPSS 26.0. To assess data normality, Kolmogorov—Smirnov tests were
performed prior to each analysis, revealing that all data were non-normally distributed. Comparisons between the
SPECT+ and SPECT- groups were conducted using the Mann—Whitney U-test for continuous variables and the chi-
square test for categorical variables. Changes in NRS scores within each group were analyzed using the Wilcoxon
signed-rank test. A significance threshold of P < 0.05 was applied.
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Results
A total of 102 patients were recruited for this study. Of these, 60 patients exhibited increased radiotracer uptake at the
CFJ on bone SPECT (SPECT+ group), while 42 patients demonstrated no increased uptake (SPECT— group).

There were no significant differences between the SPECT+ and SPECT— groups in terms of sex distribution, age, pain
vector, or pain duration (Mann—Whitney U-test and chi-square test, P > 0.05) (Table 1). These results suggest that the
included patients were relatively homogenous in terms of baseline demographic and clinical characteristics, allowing
a reliable comparison of treatment outcomes between the SPECT+ and SPECT- groups. The mean number of injected
CFJs was 2.8 + 1.3 in the SPECT+ group and 3.2 + 1.6 in the SPECT— group, with no statistically significant difference
between the groups (P = 0.310). Additionally, the NRS scores prior to treatment were comparable between the SPECT+
and SPECT— groups (P = 0.466).

In the intragroup comparison following IA corticosteroid injection, NRS scores were significantly reduced in both the
SPECT+ and SPECT— groups compared to baseline (Wilcoxon signed-rank test, SPECT+ group: P < 0.001; SPECT—
group: P < 0.001). In the intergroup comparison, NRS scores at one month post-treatment were significantly lower in the
SPECT+ group than in the SPECT— group (P = 0.007) (Table 1). Furthermore, 38 of the 60 patients (63.3%) in the
SPECT+ group achieved a successful treatment outcome, compared to 16 of the 42 patients (38.1%) in the SPECT—
group. The proportion of patients with successful treatment outcomes was significantly higher in the SPECT+ group than
in the SPECT— group (chi-square test, P = 0.012).

Discussion

In this study, we found that neck pain was significantly reduced in both the SPECT+ and SPECT— groups, irrespective of
the presence or absence of CFJ radiotracer uptake on bone SPECT. However, patients with increased CFJ radiotracer
uptake on bone SPECT (SPECT+ group) exhibited significantly greater pain reduction than those without increased
uptake (SPECT— group), supporting the hypothesis that inflammation is a key determinant of the efficacy of IA
corticosteroid injections. These findings highlight the potential role of SPECT imaging in predicting treatment outcomes
for IA corticosteroid injections in patients with CFJ-origin neck pain.

The observed difference in treatment response between the SPECT+ and SPECT— groups is consistent with the
mechanism of corticosteroids, which exert their therapeutic effects primarily through anti-inflammatory pathways.'®
Patients in the SPECT+ group likely had more pronounced inflammation within or surrounding the CFJ, leading to
greater pain relief following corticosteroid injection. In contrast, the SPECT— group likely included patients whose neck

Table | Intergroup Comparison Between SPECT+ and SPECT— Groups

SPECT+ Group | SPECT- Group | P value
Patient number, n (male: female) 60 (30:30) 42(20:22) 0.813
Age, years 49.7£14.6 46.0+13.0 0.075
Vector, n (non-traumatic: traumatic) 43:17 26:16 0.300
Pain duration, months 16.7+28.2 16.5+25.7 0.994
Number of injected CFJs 2.8+1.3 3.2%1.6 0310
Pretreatment NRS score 5.5+1.4 5.6x1.3 0.466
NRS score at |-month follow-up 2.7%1.5 3.6%1.8 0.007
Successful treatment outcome, n (%) 38 (63.3%) 16 (38.1%) 0.012

Notes: P values in bold indicate statistical significance (P < 0.05).
Abbreviations: SPECT+ group, patients exhibiting increased cervical facet joint radiotracer uptake on bone
single-photon emission computed tomography; SPECT- group, patients without increased cervical facet joint
radiotracer uptake on bone single-photon emission computed tomography; CFJ, cervical facet joint; NRS,

numeric rating scale.
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pain originated from structural degeneration or injury rather than active inflammation, resulting in a less pronounced
response to corticosteroid therapy.

In addition, although our patients’ pain persisted for at least three months, the presence of increased radiotracer
uptake on bone SPECT suggests that active inflammation may persist beyond the subacute phase. This finding is
consistent with previous studies indicating that chronic CFJ pain may involve sustained inflammatory processes,
which can be detected using SPECT.'*'*

Our findings align with previous research on the utility of bone SPECT in identifying pain-generating joints.'>!"+'#
Prior studies have reported that increased radiotracer uptake on bone SPECT correlates with active inflammation, which
appears to be a crucial factor associated with a favorable response to corticosteroid injections.'>!'”"'® The present study
provides additional evidence supporting the use of SPECT as a diagnostic tool for patient selection in IA corticosteroid
therapy, ultimately enhancing treatment efficiency and minimizing unnecessary procedures. Our findings have useful
clinical implications, suggesting that bone SPECT can serve as a practical and objective tool for guiding patient selection
for IA corticosteroid injection. By identifying patients who are more likely to benefit from the procedure, clinicians may
improve treatment efficacy in managing CFJ-related neck pain.

Furthermore, the success rate of IA corticosteroid injections was significantly higher in the SPECT+ group compared
to the SPECT— group, suggesting that SPECT imaging can facilitate the optimization of treatment strategies by
identifying patients most likely to benefit from targeted corticosteroid therapy. Integrating SPECT into the diagnostic
workflow could contribute to more personalized pain management approaches and improved clinical outcomes.

The utility of SPECT in the diagnosis and management of CFJ-origin neck pain remains a subject of debate.'™'® In
2022, Nolan et al investigated the predictive value of SPECT in identifying pain sources for targeted interventions in
patients with CFJ-origin neck pain.'® Their retrospective analysis of 112 patients demonstrated that interventions,
including cervical medial branch block (MBB) and IA corticosteroid injection, at CFJs exhibiting increased radiotracer
uptake were significantly associated with greater pain relief at 1 day post-intervention compared to interventions at CFJs
without increased radiotracer uptake. However, Nolan et al did not employ a standardized intervention protocol across all
patients; rather, they combined MBB and IA corticosteroid injections without a clearly defined rationale. Additionally,
their follow-up period for assessing treatment outcomes was extremely short, limiting the robustness of their conclusions.
More recently, in 2024, Scholten et al conducted a retrospective study to determine whether increased radiotracer uptake
on SPECT correlates with a positive response to cervical MBB.'” Analyzing a total of 43 procedures, they found no
statistically significant association between increased SPECT uptake and achieving 50% or 80% pain relief following
MBB. Based on these findings, the authors concluded that SPECT alone is not a reliable predictor of MBB outcomes.
However, the small sample size (limited to 43 procedures) may restrict the generalizability of their results. Our study,
similar to that of Nolan et al, provides evidence supporting the utility of SPECT in diagnosing the pain source in CFJ-
origin neck pain and predicting treatment outcomes. Unlike previous studies that used heterogenous intervention
protocols or cervical MBB, our study focused solely on the outcomes of IA corticosteroid injection based on SPECT
findings.

Nevertheless, some limitations should be acknowledged. First, the retrospective nature of this study may introduce
selection bias. Second, the follow-up period was limited to one month, precluding an assessment of long-term treatment
efficacy. Third, we did not conduct a sample size calculation before the start of this study. Future prospective studies with
larger sample sizes and longer follow-up periods are warranted to validate the usefulness of SPECT for managing CFJ-
related neck pain. Additionally, studies on the effects of MBB or radiofrequency ablation based on SPECT findings are
recommended to develop better personalized pain management strategies using SPECT.

In conclusion, our study underscores the clinical utility of bone SPECT in predicting therapeutic responses to IA
corticosteroid injections in patients with CFJ-origin neck pain. The integration of SPECT imaging into clinical practice
may facilitate the identification of suitable candidates for IA corticosteroid injection and contribute to the development of

more effective, individualized treatment strategies.
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