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Abstract

:

Objective: The objective of this study was to develop a new strategy for rapid diagnosis of the source of low back pain (LBP) for treatment with cooled radiofrequency ablation (RFA). Materials: Patients suffering from facet joint (FJ) or sacroiliac joint (SIJ) pain for more than 3 months were included. Two methods, Technetium Tc99m methylene diphosphonate single photon emission tomography/computed tomography (99mTc-MDP SPECT/CT) and a modified Fortin finger test were used to identify the source of LBP for treatment with cooled RFA. The visual analog scale (VAS) and Oswestry disability index (ODI) were used to assess the patients’ pain levels and disabilities respectively. These two measures were recorded at baseline and 1-week, 1-month, 3-month, and 6-month follow-up visits. Results: A total of 40 patients with LBP were included in this study. Our results demonstrated that the patients with LBP identified by our new strategy had significant improvements in VAS or ODI score at 1-week to 6-month follow-up visits (p < 0.001) after receiving cooled RFA. Similar results were also found in patients with FJ pain and those with FJ and SIJ pain respectively. Among all the patients, over 70% had greater than or equal to 50% reduction in VAS and ODI scores. No serious adverse events were observed after treatment. Conclusions: This new strategy could be successfully adopted for rapid diagnosis of the source of comprehensive LBP.






Keywords:


low back pain; 99mTc-MDP SPECT/CT; a modified finger test; radiofrequency ablation












1. Introduction


Low back pain (LBP) is one of the most common diseases affecting about 12% of Taiwanese adults [1] and is the leading cause of disability worldwide [2]. LBP incurs a substantial economic burden which is estimated to exceed $100 billion dollars annually for the treatment of this disease in the United States [3]. The potential sources of LBP of the spinal column are soft tissue, disc degeneration, and joints related to nociplastic pain. In addition, the major sources of LBP are lumbar facet joints (FJ) (21–41% of patients) [4] and sacroiliac joints (SIJ) (16–30% of patients) [5]. Achieving a definitive diagnosis for patients with LBP is difficult, and the treatment is not always effective [6]. LBP has been treated to date with traditional methods, such as intra-articular steroid injections [7]. Neurotomy is a more recent alternative treatment for LBP, such as radiofrequency ablation (RFA) [8]. A recent meta-analysis demonstrated that the efficacy of RFA for treating LBP was significantly better than conservative treatment [8].



RFA is a minimally invasive surgery in which RF generates thermal energy to ablate the sensory nerve fibers of the FJ or SIJ for pain relief. Three RFA techniques have been developed for the treatment of LBP, including cooled, pulsed, and thermal RFAs [9,10]. These RFA techniques demonstrated significant improvements in LBP for up to 12 months [11]. Among these RFA techniques, cooled RFA is a relatively novel technique, and its probes produce larger lesions than the other two techniques and thus the efficacy of cooled RFA is expected to be better than the other two RFAs. A recent meta-analysis has demonstrated that the efficacy of cooled RFA seems to be better than pulsed and thermal RFAs [11].



For RFA treatment, diagnostic nerve blocks are the most commonly used method for identifying the specific source of LBP [12]. The underlying principle of this method is that the pain relief is tested by using local anesthesia to block the affected joint nerve [12,13]. A positive response indicates that the joint has a high possibility of being the source of pain [13]. The procedure requires performing the test on two different occasions, with at least 80% relief of familiar pain intensity on the two occasions being considered as a positive response [14]; however, performing the test on two different occasions for identifying the source of LBP is quite time-consuming, so it is critical to develop a more efficient method for rapid diagnosis of the source of LBP.



Technetium Tc99m methylene diphosphonate (99mTc MDP) bone scan activity is an imaging marker of LBP. Bone scan activity on 99mTc MDP single photon emission tomography/computed tomography (99mTc-MDP SPECT/CT) can be used to identify the specific source of LBP [15]. It is a relatively rapid method for identifying the source of LBP; however, its diagnostic accuracy is reported as being only 72% compared with diagnostic nerve blocks [16]. Otherwise, another rapid method for identifying the source of LBP, the Fortin finger test, has been developed [17]. It is a simple and reliable method in which the source of LBP is localized by patients with one finger [17]. However, the Fortin finger test is specifically for SIJ pain [17], and in this study, we attempted to modify the Fortin finger test for identifying both FJ and SIJ pain. The combination of 99mTc-MDP SPECT/CT and our modified finger test to identify the source of LBP might increase diagnostic accuracy for LBP.



The objective of this study was to develop a new strategy (combination of 99mTc-MDP SPECT/CT and a modified Fortin finger test) for rapid diagnosis of the source of LBP in the patient undergoing treatment with cooled RFA. This novel diagnosis strategy is expected to benefit the patients with LBP by allowing them RFA faster than by identifying the source of the LBP using diagnostic nerve blocks.




2. Materials and Methods


2.1. Patients


This cohort study was approved by the Institutional Review Board (IRB) of the Kaohsiung Medical University Hospital (IRB number: KMUHIRB-E(II)-20200372). The patients with LBP receiving cooled RAF between March 2019 and June 2020 were retrospectively evaluated. The inclusion criteria were as follows: (1) patients suffering from low back pain for more than 3 months; (2) low back pain originating from facet or sacroiliac joints; (3) age ranging from 30 to 90 years; and (4) complete clinical outcomes for all follow-up visits. The exclusion criteria were as follows: (1) patients with known or suspected malignancy, infectious diseases, trauma, chronic inflammatory diseases, and (2) patients that were <30 or >90 years of age.




2.2. Source of LBP Diagnosis


Two methods were used to identify the source of LBP, including 99mTc-MDP SPECT/CT and a modified Fortin finger test. The source of LBP identified by either of the two methods was considered a positive response.



2.2.1. Modified Fortin Finger Test


The study referenced the Fortin finger test and provided a modified version [17], where one observer asked patients to point to the region of pain while standing and the observer localized the pain with a thumb. A source considered consistent over at least two trials was considered as a positive response and marked with a paper clip (Figure S1A). Moreover, the source of LBP was confirmed by a radiographic image.




2.2.2. 99mTc-MDP SPECT/CT


A previous study was referenced to perform 99mTc-MDP SPECT/CT examinations [15]. Initially, patients received intravenous injections of 20 mCi (±10%) 99mTc-MDP (800 MBq for those with age >75 years or weight >100 kg), then after 3 to 3.5 h of this protocol, patients were scheduled to undergo the 99mTc-MDP SPECT/CT procedure (Figure S1B,C). All SPECT/CT examinations were performed on a Precedence 6-section or a 16-section scanner (Skylight SPECT system and Brilliance CT scanner; Philips Healthcare, Best, the Netherlands). The set of SPECT parameters was as follows: 128  ×  128-word mode matrix, step-and-shoot angular step of 3°, 1.46 zoom factor, 128 views at 20 s per view, body contouring, and low-energy all-purpose collimator. The set of CT parameters was as follows: 60 mAs per section, 120 kVp, increment of 3 mm, and section thickness of 3 mm. Analysis specific to uptake activities in facet joints and sacroiliac joints were defined by a visual grading method (0 = nil activity, 1 = marginal activity, 2 = mild activity, 3 = mild to moderate activity, 4 = moderate activity, 5 = moderate to marked activity, 6 = intense activity) [18]. For scintigraphy, grades 0 to 2 were considered as negative and 3–6 as positive.





2.3. Cooled RFA Treatment


The treatment procedures of a previous study were followed to perform cooled RFA treatment [19]. All treatment procedures were conducted in a C-arm fluoroscopy suite (Figure S1D–F). During the treatment, patients received subcutaneously local anesthetic injection (0.5 mL of 2% lidocaine) and then an introducer was placed in the location. A cooled RFA SInergy probe (Kimberly–Clark Health Care, Roswell, GA, U.S.A.) was used for the dorsal ramus denervation. The local anesthetic was injected through the introducer for pain relief, after the correct electrode placement was identified. Then, a Pain Management Radiofrequency Generator (AVANOS* PMG115-Advance) was adopted to apply radiofrequency energy (set temperature = 60 °C; time = 2.5 min). Denervation of the medial branch for respective facet joints, or the medial branch of L5-S1 and concomitant S1, S2, S3 lateral branches for the respective sacroiliac joint were simultaneously performed. During the period of immediate post-operation, 0.5 mL of Betamethasone (RINDRON®; 4 mg/mL) was injected into each intervention point of spinal level targeted for pain relief.




2.4. Clinical Outcome Assessment


Up to date, there is no one method that can be used to identify the source of LBP accurately. Improvement in clinical outcomes seems to be an indicator to assess whether the source of LBP has been appropriately identified. Significant improvements in clinical outcomes indicate that the sources of LBP seem to have been identified accurately. Patients were followed up in our outpatient clinic at 1 week and 1, 3, and 6 months after receiving cooled RFA. Two measures were used to evaluate the clinical outcomes of patients at baseline and the four follow-up visits, including the visual analog scale (VAS) [20] and Oswestry disability index (ODI) [21]. The VAS was used to assess the patients’ pain levels during activity on a 10-cm line in which 0 cm indicated no pain and 10 cm indicated the worst pain. The ODI was used to assess the patients’ disability due to LBP and it includes ten items of disability (pain, personal care, lifting, sitting, standing, sleeping, sex life, social life, walking, and travelling). The score of each item ranges from 0 to 5, in which 0 indicates no functional limitation and 5 indicates a major functional disability. Thus, the maximum score of ODI is 50. The VAS was considered as primary outcome and the ODI was secondary.




2.5. Statistical Analysis


All statistical analyses were performed using IBM SPSS Statistics, version 19 (Armonk, NY, USA: IBM Corporation). Continuous variables were presented as mean and standard deviation. The changes between baseline and follow-up visits after adjusting for age, gender, and body mass index (BMI) were tested using the generalized estimating equations. A p-value less than 0.05 was considered to be of statistical significance.





3. Results


A total of 40 patients with LBP were included in this study. All of them had complete clinical outcomes at baseline and all the four follow-up visits, and completed the entire procedure smoothly without any sequelae (such as nerve root paresthesia and wound infections). The mean age of these patients was 63.05 ± 14.12 years and the mean BMI was 26.91 ± 4.60 kg/m2 (Table 1), with the majority being female (67.5%) (Table 1). A total of 16 patients were diagnosed with FJ pain and the other 24 patients were diagnosed with FJ and SIJ pain (Table 1).



A total number of 165 sources of FJ pain were identified by 99mTc-MDP SPECT or the modified Fortin finger test. Among these sources, 31% and 44% of them were only identified by 99mTc-MDP SPECT and the modified Fortin finger test respectively, and only 25% of them were simultaneously identified by both methods (Figure 1). Otherwise, a total number of 48 sources of SIJ pain were identified by 99mTc-MDP SPECT or the modified Fortin finger test. Among these sources, 46% and 33% of them were only identified by 99mTc-MDP SPECT and the modified Fortin finger test respectively, and only 21% of them were simultaneously identified by both methods (Figure 1).



Although the mean of the initial VAS score of all the patients was 6.80 ± 0.91, these values were found to be 2.10 ± 0.93, 2.20 ± 0.76, 2.88 ± 0.76, and 3.28 ± 0.88 at the 1-week, 1-month, 3-month, and 6-month follow-up visits respectively. The improvements in VAS score became significantly better at 1-week (change = 4.70 ± 0.88, p < 0.001 vs. baseline), 1-month (change = −4.602 ± 0.93, p < 0.001 vs. baseline), 3-month (change = −3.93 ± 0.86, p < 0.001 vs. baseline), and 6-month (change = −3.53 ± 0.93, p < 0.001 vs. baseline) follow-up visits compared with the baseline level after adjusting for age, gender, and BMI (Table 2). The improvement in VAS score seemed to decrease with time (Figure S2a), with similar results also found in patients with FJ pain and those with FJ and SIJ pain respectively (Table 2 and Figure S2b,c).



Although the mean of the ODI scores of the patients was 36.03 ± 4.45 at baseline, these values were found to be 11.95 ± 3.85, 12.68 ± 3.55, 14.13 ± 2.86, and 16.45 ± 4.47 at the 1-week, 1-month, 3-month, and 6-month follow-ups respectively. After adjusting for age, gender, and BMI, the improvements in ODI scores became significantly better at 1-week (change = −24.08 ± 5.10, p < 0.001 vs. baseline), 1-month (change = −23.35 ± 5.60, p < 0.001 vs. baseline) 3-month (change = −21.90 ± 4.82, p < 0.001 vs. baseline), and 6-month (change = −19.58 ± 5.89, p < 0.001 vs. baseline) follow-up visits compared with the baseline level (Table 3). The improvements in ODI scores seemed to decrease with time (Figure S3a), with similar results also found in patients with FJ pain and those with FJ and SIJ pain respectively (Table 3 and Figure S3b,c).



Individual treatment responses from baseline to 6-month follow-up were calculated (Figure 2), and among these patients, 30 (75%) had ≥50% reduction in VAS score (Figure 2a), and 29 (73%) had ≥50% reduction in ODI score (Figure 2b); moreover, no serious adverse events were observed after treatment.




4. Discussion


Identifying the specific source of LBP is an important procedure for treatment with RFA, but current methods use much time or are specific for a certain type of LBP. Therefore, it is critical to develop a rapid-diagnostic method for identifying the source of comprehensive LBP. This study developed a new strategy (combination of 99mTc-MDP SPECT and the modified Fortin finger test) for rapid diagnosis of the source of comprehensive LBP undergoing treatment with cooled RFA. Our results demonstrated that a relatively low percentage (21–25%) of sources was simultaneously identified by both methods for FJ or SIJ pain. These patients had significant improvements in VAS score from 1-week to 6-month follow-up visits compared with the baseline level; additionally, they also had significant improvements in ODI score from 1-week to 6-month follow-up visits compared with the baseline level. Similar results were also found in patients with FJ pain and those with FJ and SIJ pain respectively. In total, over 70% of patients had greater than or equal to 50% reduction in VAS and ODI scores, with no serious adverse events being observed after treatment. Our results seemed to indicate that our new strategy could be used to identify the source of LBP. Otherwise, the cost of our strategy is mainly from the examination using 99mTc-MDP SPECT/CT which costs around US$239 [22]. However, two different occasions of diagnostic nerve blockers cost around US$1100 [23]. The cost of our strategy is much lower than that of diagnostic nerve blocks.



Pain relief after treatment with cooled RFA is the major concern of LBP. Our results demonstrated that the source of LBP identified by our new strategy had significant improvement in pain levels for up to the 6-month follow-up visit after receiving cooled RFA. Two previous studies using diagnostic nerve blocks to identify the source of LBP also reported similar results, with one of these demonstrating that patients with SIJ pain had significant improvement in pain levels over 6 months after treatment with cooled RFA [24], and the other indicating that patients with FJ pain had significant improvement in pain levels for up to 6 months after receiving cooled RFA [25].



In addition, a patient’s disability level after treatment with cooled RFA is also an important concern for LBP. Our results demonstrated that the patients receiving cooled RFA had significant improvement in ODI score for up to 6 months. A previous study using diagnostic nerve blocks to identify FJ pain also reported the same findings [25]. These results imply that using our new diagnostic strategy for identifying the source of LBP could cause significant improvements in pain levels and disability after receiving cooled RFA.



Based on a previous study that used cooled RFA to treat LBP, ≥50% reduction in NRS (numeric rating scale) pain score was defined as successful treatment [25]. They reported that a total of 52% of patients (11/21) had successful treatment at the 6-month follow-up visit [25]. Although we adopted the VAS score to assess patients’ pain levels, the VAS score is similar to the NRS score due to the same scale used for both types of score. Our results showed that 75% of patients (30/40) had ≥50% reduction in VAS score. Otherwise, ≥30% reduction in ODI score was defined as successful treatment in that study [25], where it was reported that a total of 62% of patients (13/21) had successful treatment at the 6-month follow-up visit [25]. Our results showed that 90% of patients (36/40) had ≥30% reduction in ODI score at 6 months. Our success rates were obviously higher than those of the previous study, which used diagnostic nerve blocks, indicating that our new strategy could be an alternative for identifying the source of comprehensive LBP.



The Fortin finger test has been adopted to identify the source only for SIJ pain [17]. However, we attempted to modify the Fortin finger test and our results showed that the modified Fortin finger test could identify not only SIJ pain but FJ pain as well, although the results demonstrated that a relatively low percentage (21–25%) of sources was simultaneously identified by both 99mTc-MDP SPECT and the modified Fortin finger test for FJ or SIJ pain. This implies that the diagnostic accuracy of each method was relatively low. In combination, the two methods could increase high diagnostic accuracy and thus, a higher success rate in patients after receiving RFA could be achieved through this study.



There are some limitations in this study. Firstly, this was a retrospective cohort study without a control group. A high-quality randomized controlled trial should be further conducted to compare the efficacy between our new strategy and diagnostic nerve blocks for identifying source of LBP undergoing treatment with cooled RFA. Secondly, these patients were followed up for a short-term period, with the maintained efficacy being unclear for more than 6 months, and this would possibly decrease with time because of nerve regeneration after RFA [26]. It is not clear if the maintained efficacy of our strategy was the same as that of diagnostic nerve blocks. Thus, the efficacy of the use of our new strategy should be further confirmed for a longer-term period.




5. Conclusions


This study developed a new strategy for rapid diagnosis of the source of comprehensive LBP undergoing treatment with cooled RFA. The 99mTc-MDP SPECT and a modified Fortin finger test were combined for identifying the source of LBP. This new strategy is easier to learn compared to diagnostic nerve block testing. Our results demonstrated that patients with LBP diagnosed by the new strategy showed significant improvements in pain and disability for up to 6 months after receiving cooled RFA, regardless whether the LBP is FJ pain or a combination of FJ and SIJ pain. The success rates of our study were obviously higher than those of the previous study, which used diagnostic nerve blocks only. These results indicate that our new strategy could be successfully adopted to identify the source of comprehensive LBP. This information can be used to develop a clinical prediction guideline for the use of these procedures. What was found here is cost effective and thus can change clinical practice if used where indicated.
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The following are available online at https://www.mdpi.com/article/10.3390/diagnostics11101822/s1, Figure S1: The radiographs demonstrated the new strategy of diagnosis of low back pain following treatment with cooled radiofrequency ablation. The roentgenogram showed a modified Fortin finger test was adopted in a 67 years-old patient with persisted low back pain after fusion surgery (A). Clips were used to mark the pain source around right L34 and L45 facet joints. The 99mTc-MDP SPECT/CT showed uptake activity around left sacroiliac joint (B and C). The following radiographs illustrated the procedure of cooled radiofrequency ablation in a C-arm fluoroscope suite (D). The intraoperative C-arm photos showed target positions of right L34 facet joint, medial branch (E) and left sacroiliac joint, S1 lateral branch (F); Figure S2 Box plots of VAS change scores from baseline to 1-week, 1-month, 3-month, and 6-month follow-up visits for all patients (a), patients with FJ pain (b), and patients with FJ and SIJ pain (c). *** indicates p-value < 0.001; Figure S3: Box plots of ODI change scores from baseline to 1-week, 1-month, 3-month, and 6-month follow-up visits for all patients (a), patients with FJ pain (b), and patients with FJ and SIJ pain (c). *** indicates p-value < 0.001.





Author Contributions


Conceptualization, S.-H.C.; methodology, S.-H.C., C.-C.L., P.-C.S., S.-Y.L., and Z.-M.L.; software, W.-H.C. and C.-L.S.; Validation, S.-H.C. and C.-L.S.; Formal Analysis, W.-H.C.; Investigation, S.-H.C.; Resources, S.-H.C.; Data Curation, C.-L.S.; writing—original draft preparation, S.-H.C. and C.-L.S.; writing—review and editing, W.-H.C. and C.-L.S.; All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported in part by grants from the Kaohsiung Medical University Hospital (KMUH108-8M51) and (KMUH109-9M48).




Institutional Review Board Statement


This cohort study was approved by the Institutional Review Board (IRB) of the Kaohsiung Medical University Hospital (IRB number: KMUHIRB-E(II)-20200372).




Informed Consent Statement


Patient consent was waived because the research involves no more than minimal risk to the subjects. This study is a retrospective study with no prospective element. During the medical record review process, all the identifiers for each patient record were removed. Only non-identifiable information was included in the current publication therefore the risk of confidentiality breach is minimalized.




Data Availability Statement


Data supporting reported results can be requested from the first author.




Conflicts of Interest


All authors declare no conflict of interest.




References


	



Hu, H.Y.; Chen, L.; Wu, C.Y.; Chou, Y.J.; Chen, R.C.; Huang, N. Associations among low back pain, income, and body mass index in Taiwan. Spine J. 2013, 13, 1521–1526. [Google Scholar] [CrossRef]

	



Bento, T.P.F.; Cornelio, G.P.; Perrucini, P.O.; Simeão, S.F.A.P.; de Conti, M.H.S.; de Vitta, A. Low back pain in adolescents and association with sociodemographic factors, electronic devices, physical activity and mental health. J. Pediatr. (Rio J.) 2020, 96, 717–724. [Google Scholar] [CrossRef] [PubMed]

	



Katz, J.N. Lumbar Disc Disorders and Low-Back Pain: Socioeconomic Factors and Consequences. J. Bone Joint Surg. Am. 2006, 88, 21–24. [Google Scholar] [CrossRef] [PubMed]

	



Manchikanti, L.; Singh, V.; Falco, F.J.E.; Cash, K.A.; Pampati, V. Evaluation of lumbar facet joint nerve blocks in managing chronic low back pain: A randomized, double-blind, controlled trial with a 2-year follow-up. Int. J. Med. Sci. 2010, 7, 124–135. [Google Scholar] [CrossRef] [PubMed]

	



Vanelderen, P.; Szadek, K.; Cohen, S.P.; De Witte, J.; Lataster, A.; Patijn, J.; Mekhail, N.; van Kleef, M.; Zundert, J.V. 13. Sacroiliac joint pain. Pain Pract. 2010, 10, 470–478. [Google Scholar] [CrossRef]

	



Hansen, H.; Manchikanti, L.; Simopoulos, T.T.; Christo, P.J.; Gupta, S.; Smith, H.S.; Hameed, H.; Cohen, S.P. A systematic evaluation of the therapeutic effectiveness of sacroiliac joint interventions. Pain Physician 2012, 15, E247–E278. [Google Scholar] [CrossRef] [PubMed]

	



Erçalık, T.; Gencer Atalay, K.; Şanal Toprak, C.; Gündüz, O.H. Outcome measurement in patients with low back pain undergoing epidural steroid injection. Turk. J. Phys. Med. Rehabil. 2019, 65, 154–159. [Google Scholar] [CrossRef]

	



Chen, C.H.; Weng, P.W.; Wu, L.C.; Chiang, Y.F.; Chiang, C.J. Radiofrequency neurotomy in chronic lumbar and sacroiliac joint pain: A meta-analysis. Medicine (Baltimore) 2019, 98, e16230. [Google Scholar] [CrossRef]

	



Cheng, J.; Pope, J.E.; Dalton, J.E.; Cheng, O.; Bensitel, A. Comparative outcomes of cooled versus traditional radiofrequency ablation of the lateral branches for sacroiliac joint pain. Clin. J. Pain 2013, 29, 132–137. [Google Scholar] [CrossRef]

	



Çetin, A.; Yektaş, A. Evaluation of the Short- and Long-Term Effectiveness of Pulsed Radiofrequency and Conventional Radiofrequency Performed for Medial Branch Block in Patients with Lumbar Facet Joint Pain. Pain Res. Manag. 2018, 22, 7492753. [Google Scholar] [CrossRef]

	



Shih, C.L.; Shen, P.C.; Lu, C.C.; Liu, Z.M.; Tien, Y.C.; Huang, P.J.; Chou, S.H. A comparison of efficacy among different radiofrequency ablation techniques for the treatment of lumbar facet joint and sacroiliac joint pain: A systematic review and meta-analysis. Clin. Neurol. Neurosurg. 2020, 195, 105854. [Google Scholar] [CrossRef] [PubMed]

	



de Andrés Ares, J.; Gilsanz, F. Diagnostic nerve blocks in the management of low back pain secondary to facet joint syndrome. Rev. Esp. Anestesiol. Reanim. (Engl. Ed.) 2019, 66, 213–221. [Google Scholar] [CrossRef] [PubMed]

	



Kaplan, M.; Dreyfuss, P.; Halbrook, B.; Bogduk, N. The ability of lumbar medial branch blocks to anesthetize the zygapophysial joint. A physiologic challenge. Spine (Phila Pa 1976) 1998, 23, 1847–1852. [Google Scholar] [CrossRef]

	



Boswell, M.V.; Singh, V.; Staats, P.S.; Hirsch, J.A. Accuracy of precision diagnostic blocks in the diagnosis of chronic spinal pain of facet or zygapophysial joint origin. Pain Physician 2003, 6, 449–456. [Google Scholar] [CrossRef]

	



Lehman, V.T.; Murphy, R.C.; Kaufmann, T.J.; Diehn, F.E.; Murthy, N.S.; Wald, J.T.; Thielen, K.R.; Amrami, K.K.; Morris, J.M.; Maus, T.P. 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, 609–614. [Google Scholar] [CrossRef]

	



Freiermuth, D.; Kretzschmar, M.; Bilecen, D.; Schaeren, S.; Jacob, A.L.; Aeschbach, A.; Ruppen, W. Correlation of 99mTc-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, 1916–1922. [Google Scholar] [CrossRef]

	



Fortin, J.D.; Falco, F.J. The Fortin finger test: An indicator of sacroiliac pain. Am. J. Orthop. (Belle Mead NJ) 1997, 26, 477–480. [Google Scholar]

	



Russo, V.M.; Dhawan, R.T.; Baudracco, I.; Dharmarajah, N.; Lazzarino, A.I.; Casey, A.T. Hybrid Bone SPECT/CT Imaging in Evaluation of Chronic Low Back Pain: Correlation with Facet Joint Arthropathy. World Neurosurg. 2017, 107, 732–738. [Google Scholar] [CrossRef]

	



Patel, N. Twelve-Month Follow-Up of a Randomized Trial Assessing Cooled Radiofrequency Denervation as a Treatment for Sacroiliac Region Pain. Pain Pract. 2016, 16, 154–167. [Google Scholar] [CrossRef] [PubMed]

	



Bodian, C.A.; Freedman, G.; Hossain, S.; Eisenkraft, J.B.; Beilin, Y. The visual analog scale for pain—Clinical significance in postoperative patients. Anesthesiology 2001, 95, 1356–1361. [Google Scholar] [CrossRef] [PubMed]

	



Yakut, E.; Duger, T.; Oksuz, C.; Yorukan, S.; Ureten, K.; Turan, D.; Frat, T.; Kiraz, S.; Krd, N.; Kayhan, H.; et al. Validation of the Turkish version of the Oswestry Disability Index for patients with low back pain. Spine (Phila Pa 1976) 2004, 29, 581–585. [Google Scholar] [CrossRef] [PubMed]

	



Van den Wyngaert, T.; Palli, S.R.; Imhoff, R.J.; Hirschmann, M.T. Cost-Effectiveness of Bone SPECT/CT in Painful Total Knee Arthroplasty. J. Nucl. Med. 2018, 59, 1742–1750. [Google Scholar] [CrossRef] [PubMed]

	



Mazmudar, A.; Nayak, R.; Patel, A.A. Therapeutic Facet Joint Interventions in the Lumbar Spine: An Economic Value Perspective. Clin. Spine Surg. 2020, 33, 411–417. [Google Scholar] [CrossRef]

	



Ho, K.-Y.; Hadi, M.A.; Pasutharnchat, K.; Tan, K.-H. Cooled radiofrequency denervation for treatment of sacroiliac joint pain: Two-year results from 20 cases. J. Pain Res. 2013, 6, 505–511. [Google Scholar] [CrossRef] [PubMed]

	



McCormick, Z.L.; Choi, H.; Reddy, R.; Syed, R.H.; Bhave, M.; Kendall, M.C.; Khan, D.; Nagpal, G.; Teramoto, M.; Walega, D.R. Randomized prospective trial of cooled versus traditional radiofrequency ablation of the medial branch nerves for the treatment of lumbar facet joint pain. Reg. Anesth. Pain Med. 2019, 44, 389–397. [Google Scholar] [CrossRef]

	



Aydin, S.M.; Gharibo, C.G.; Mehnert, M.; Stitik, T.P. The role of radiofrequency ablation for sacroiliac joint pain: A meta-analysis. PM&R 2010, 2, 842–851. [Google Scholar]








[image: Diagnostics 11 01822 g001 550] 





Figure 1. Overlap of sources identified by the modified Fortin finger test and 99mTc-MDP SPECT for FJ and SIJ pain. 
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Figure 2. Individual responses in VAS (a) and ODI score (b) at 6 months after treatment, quantified by percent change from the baseline values. 
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Table 1. Major characteristics of the patients at baseline.
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	Variable
	All Patients
	Patients with FJ Pain
	Patients with FJ and SIJ Pain





	n
	40
	16
	24



	Age (year)
	63.05 ± 14.12
	58.00 ± 16.26
	66.42 ± 11.67



	Sex (%)
	
	
	



	Male
	13 (32.5)
	2 (12.5)
	11 (45.8)



	Female
	27 (67.5)
	14 (87.5)
	13 (54.2)



	BMI (kg/m2)
	26.91 ± 4.60
	25.47 ± 3.50
	27.86 ± 5.05



	VAS
	6.8 ± 0.91
	6.88 ± 1.02
	6.75 ± 0.85



	ODI
	36.03 ± 4.45
	36.63 ± 4.59
	35.63 ± 4.40







BMI: body mass index. VAS: visual analog scale. ODI: Oswestry disability index. FJ: facet joint. SIJ: sacroiliac joint.
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Table 2. Improvements in VAS scores from baseline to follow-up visits estimated by GEE after adjusting for age, gender, and BMI.
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Parameter

	
β

	
SE

	
95% Wald CI

	
p-Value






	
All patients (ref: baseline)




	
1-week

	
−4.700

	
0.138

	
−4.970~−4.430

	
<0.001




	
1-month

	
−4.600

	
0.145

	
−4.884~−4.316

	
<0.001




	
3-month

	
−3.925

	
0.134

	
−4.188~−3.662

	
<0.001




	
6-month

	
−3.525

	
0.146

	
−3.811~−3.239

	
<0.001




	
Patients with FJ pain (ref: baseline)




	
1-week

	
−4.500

	
0.234

	
−4.958~−4.042

	
<0.001




	
1-month

	
−4.625

	
0.263

	
−5.141~−4.109

	
<0.001




	
3-month

	
−3.813

	
0.268

	
−4.338~−3.287

	
<0.001




	
6-month

	
−3.500

	
0.265

	
−4.020~−2.980

	
<0.001




	
Patients with FJ and SIJ pain (ref: baseline)




	
1-week

	
−4.833

	
0.163

	
−5.153~−4.514

	
<0.001




	
1-month

	
−4.583

	
0.166

	
−4.908~−4.258

	
<0.001




	
3-month

	
−4.000

	
0.132

	
−4.258~−3.742

	
<0.001




	
6-month

	
−3.542

	
0.166

	
−3.868~−3.215

	
<0.001








ref: reference. β: beta value. SE: standard error. CI: confidence interval. BMI: body mass index. FJ: facet joint. SIJ: sacroiliac joint. Bold fonts indicate statistical significance.
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Table 3. Improvements in ODI score from baseline to follow-up visits estimated by GEE after adjusting for age, gender, and BMI.
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Parameter

	
β

	
SE

	
95% Wald CI

	
p-Value






	
All patients (ref: baseline)




	
1-week

	
−24.075

	
0.796

	
−25.634~−22.516

	
<0.001




	
1-month

	
−23.350

	
0.874

	
−25.064~−21.636

	
<0.001




	
3-month

	
−21.900

	
0.752

	
−23.375~−20.425

	
<0.001




	
6-month

	
−19.575

	
0.920

	
−21.378~−17.772

	
<0.001




	
Patients with FJ pain (ref: baseline)




	
1-week

	
−22.813

	
1.367

	
−25.492~−20.133

	
<0.001




	
1-month

	
−22.938

	
1.614

	
−26.101~−19.774

	
<0.001




	
3-month

	
−21.563

	
1.375

	
−24.257~−18.868

	
<0.001




	
6-month

	
−19.813

	
1.680

	
−23.105~−16.520

	
<0.001




	
Patients with FJ and SIJ pain (ref: baseline)




	
1-week

	
−24.917

	
0.924

	
−26.728~−23.106

	
<0.001




	
1-month

	
−23.625

	
0.979

	
−25.543~−21.707

	
<0.001




	
3-month

	
−22.125

	
0.853

	
−23.796~−20.454

	
<0.001




	
6-month

	
−19.417

	
1.046

	
−21.466~−17.376

	
<0.001








ref: reference. β: beta value. SE: standard error. CI: confidence interval. BMI: body mass index. FJ: facet joint. SIJ: sacroiliac joint. Bold fonts indicate statistical significance.
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