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Abstract

:

(1) Background: Cervical foraminal stenosis (CFS) is a common cause of axial neck and arm pain. The aim of this study was to determine the relationship between the severity of CFS and clinical symptoms in terms of severity and sidedness. (2) Methods: We retrospectively reviewed 75 consecutive patients with degenerative CFS. We graded 900 foramina from C3–4 to T1–2 using Park’s grading system. We collected visual analogue scale (VAS) and neck disability index (NDI) values from the neck and both arms. We analyzed the relationships with CFS grades and total number. We defined four types of left/right dominance of CFS (none, left-dominant, right-dominant, and both) by comparing left and right sides using total counts and maximal grade of CFS, respectively. We compared arm pain sidedness (no arm pain, left-only, right only, and bilateral) among different left and right CFS dominance types. (3) Results: Mean neck and left and right arm VAS scores were 4.4 ± 2.5, 4.9 ± 1.6, and 4.6 ± 2.0, respectively. The mean total NDI was 16.0 ± 8.0. The CFS grade at C3–4 and total count were correlated with neck VAS. Arm VAS was also correlated with CFS grade and total counts. Total NDI score was not correlated with radiological parameters. The presence and sidedness of arm pain were significantly different between left and right CFS dominance groups divided by total count of grade 2 and 3 CFS. (4) Conclusions: The CFS grade and total count were correlated with neck and arm VAS. Arm pain occurred more frequently on the side with more grade 2 and 3 CFS.
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1. Introduction


Cervical foraminal stenosis (CFS) is a common cause of cervical radiculopathy and is associated with axial neck and arm pain [1]. A previous study indicated that about 10–25% of the adult population have CFS [2]. Acute, mild symptoms of CFS respond well to conservative treatment, such as pain medication [3,4], epidural injection [5], exercise [6], and manipulation [7,8]. Surgical treatment is recommended for patients with persistent or severe radicular symptoms that are unresponsive to conservative treatment [9,10,11,12]. For successful injection or surgical treatment, it is important to determine the level responsible for the symptoms. However, there are no universally accepted diagnostic criteria for CFS [13].



Thorough patient history taking and physical examination are helpful in diagnosis of the level responsible for symptoms [1]. However, it is sometimes difficult because radicular pain does not always follow commonly used dermatomal maps [14]. It is more difficult to diagnose the responsible level in patients with multilevel CFS.



Magnetic resonance imaging (MRI) is an important modality for evaluating CFS, providing detailed visualization of the soft tissue, such as intervertebral discs and neural structures. Recently, T2 reconstructed oblique MRI was shown to provide better information about the cervical intervertebral foramen, which is located anterior to the vertebral canal at an angle of 45° relative to the coronal plane [15,16,17]. Park et al. introduced a grading system for CFS using oblique sagittal MRI. This method is reliable with good intra- and interobserver agreement and is correlated with the presence of neurological manifestations [18,19,20].



However, there have been no reports regarding the relationship between CFS grade and the severity and sidedness of clinical symptoms. Therefore, this study was performed to determine this relationship.




2. Materials and Methods


2.1. Patients


We retrospectively reviewed 254 consecutive patients referred to a tertiary hospital by general practitioners or medical specialists for neck or arm radiating pain who underwent MRI between April 2013 and June 2019. The inclusion criteria for this study were a diagnosis of CFS (≥grade 1 CFS) due to disk herniation and/or stenosis and age of at least 18 years. Patients with a prior history of cervical spinal surgery (n = 5), central canal compression or signs of myelopathy (n = 90), inflammatory diseases such as rheumatic arthritis (n = 4), tumors or neural cysts (n = 9), acute trauma (n = 37), congenital anomalies (n = 2), infection (n = 0), brain disease (n = 2), shoulder disease (n = 2), peripheral nerve disease in the upper extremities (n = 8), incomplete clinical score (n = 8), MRI more than 3 months before clinical scoring (n = 3), no reconstructed oblique MRI (n = 5), and no foraminal stenosis (n = 4) were excluded. In the end, 75 patients were included in the analysis. All patients underwent clinical scoring of the neck and both arms using visual analogue scales (VAS) and the neck disability index (NDI) at the first visit to our outpatient clinic.




2.2. Reconstructed Oblique Sagittal MRI and CFS Grading


All MRIs were obtained using a 1.5 T magnet in a single institute. Left and right oblique T2-weighted images were created by reformatting the images in a plane perpendicular to the long axis of the neural foramina, 45° from the sagittal and coronal planes. The images included the lateral edge of the foramen, the isthmus of the foramen, and the medial margin of each pedicle with a slice thickness of 3 mm and interslice gap of 0 mm.



One experienced spinal surgeon, who was blinded to the clinical information of patients, graded 900 neural foramina from C3–4 to T1–2 using Park’s method (Figure 1) [19]: Grade 0 = no stenosis; Grade 1 = mild stenosis with perineural fat obliteration < 50% of nerve root circumference; Grade 2 = moderate stenosis with perineural fat obliteration > 50% of nerve root circumference; Grade 3 = severe stenosis, collapsed nerve root, and morphological changes of the nerve root.




2.3. Left/right Dominance of CFS and Arm Pain Sidedness


We defined four types of left/right CFS dominance (none, left-dominant, right-dominant, and both) using the total number of foramina with CFS grade ≥ 1, 2, and 3 and the maximal grade of CFS, respectively. CFS grade ≥ 1-type left/right dominance was “left” if the total number of foramina with CFS grade ≥ 1 on the left side was greater than the number on the right side in a patient, and “right” if vice versa. “Both” indicated equal numbers on both sides. CFS grade ≥ 2 and 3 types were defined in the same way. The maximal grade of CFS type left/right dominance was defined by comparing the highest grade of left and right sides of CFS.



Arm pain sidedness was divided into none, left only, right only, or bilateral: none = VAS of 0 for both arms; left only = right arm VAS of 0 and left arm VAS > 0; right only = right arm VAS > 0 and right arm VAS of 0; bilateral = VAS > 0 for both left and right arms.




2.4. Statistical Analyses


Pearson’s correlation analysis was adopted to determine relationships between all parameters. The relationships between CFS grades at all 12 foramina (left and right foramina from C3–4 to T1–2) and neck and bilateral arm VAS and NDI scores were analyzed. Relationships between maximal grades of the left, right, and both sides and clinical parameters were analyzed as well as the relationships between the total number of foramina with CFS grade ≥ 1, 2, and 3 on the left, right, and both sides and clinical parameters. We compared arm pain sidedness among four different CFS left/right dominance groups created by CFS grade ≥ 1, 2, and 3 and the maximal grade of CFS, respectively, using the Chi-squared test. Post hoc analysis using the Chi-squared test was performed to evaluate the significance of differences between the groups. Statistical analyses were performed using SPSS statistical software (SPSS 20.0; IBM, Armonk, NY, USA). In all analyses, p < 0.05 was taken to indicate statistical significance.





3. Results


3.1. Demographic Data


The study population had a mean age of 51.0 ± 13.1 years (range: 19–82), and consisted of 30 men and 45 women. Mean neck and left and right arm VAS scores were 4.4 ± 2.6, 4.9 ± 1.6, and 4.6 ± 2.0, respectively. Mean total NDI was 16.0 ± 7.6. NDI percentage was 32.8% ± 8.6%. Only three patients had one-level CFS. Mean total counts of foramina with CFS grades 1, 2, and 3 were 3.4 ± 1.9, 0.5 ± 0.9, and 1.9 ± 1.9, respectively. The distribution of CFS according to cervical level is shown in Table 1. The most frequently involved level of CFS was C5–6 on both sides. Clinical parameters demonstrated no relationships with age or gender. CFS grades were positively correlated with age at left C3–4 (r = 0.247, p = 0.033) and C4–5 (r = 0.370, p = 0.001), and right C4–5 (r = 0.351, p = 0.002) and C6–7 (r = 0.261, p = 0.024). Gender was not related to CFS grade.




3.2. CFS Grades and Severity of Clinical Outcome


Neck VAS score was correlated with left and right C3–4 CFS grades (r = 0.244, p = 0.035; r = 0.253, p = 0.029, respectively). Neck VAS was also correlated with the total count of both foramina with CFS grade ≥ 1 (r = 0.230, p = 0.048). Left arm VAS was not correlated with CFS grade at any level. The total count of left foramina with CFS grade ≥ 1 was correlated with left arm VAS score (r = 0.258, p = 0.026). Right arm VAS score was correlated with right C5–6 CFS grade (r = 0.231, p = 0.046). It was not correlated with the total CFS count. Total NDI score was not correlated with CFS grade or total CFS count. Maximal CFS grades on the left side, right side, and both sides were not correlated with any clinical parameters.




3.3. CFS Grades and Sidedness of Arm Pain


Overall, grade 1, 2, and 3 CFS on the left side were seen in 138 (27.9%), 23 (4.6%), and 70 (14.1%) cases, respectively. The corresponding numbers on the right side were 127 (25.7%), 16 (3.2%), and 78 (15.8%), respectively. Left/right dominance of CFS, categorized using the total number of foramina with CFS ≥ grades 1, 2, and 3, was 0/25/22/28 (none/left-dominant/right-dominant/both), 18/17/21/19, and 24/13/22/16, respectively. Left/right dominance of CFS categorized using the maximal grade of CFS was 0/10/13/52. Arm pain sidedness was 21/22/24/8 (none/left only/right only/bilateral). There were no significant differences in arm pain sidedness between left/right dominance CFS groups divided by the total number of foramina with CFS ≥ grade 1 and maximal CFS grade. Arm pain sidedness was significantly different between left/right dominance groups categorized by grade 2 and 3 CFS (p = 0.023 and 0.001, respectively). In subgroup analysis, arm pain sidedness was significantly different among left/right dominance groups categorized only by grade 3 CFS (Table 2, Table 3, Table 4 and Table 5).





4. Discussion


In the present study, in degenerative CFS patients without central stenosis, CFS grade and total count were shown to be correlated with neck and arm VAS. Neck VAS was correlated with CFS grade at the C3–4 level, right arm VAS was correlated only with CFS grade at the right C5–6 level, and left arm VAS was correlated with total count of CFS at the left neural foramina. Total NDI score was not correlated with CFS grade or total count. The maximal grade of CFS was not correlated with any of the clinical parameters examined. The presence and sidedness of arm pain were significantly related to grade 2 and 3 CFS.



While many groups have attempted to determine the relationships between radiological findings regarding lumbar foraminal stenosis and clinical symptoms in order to confirm the symptom level [21,22,23,24], there have been few studies regarding cervical foraminal stenosis. Several grading systems for CFS have been reported [19,25]. However, only Park’s method has been demonstrated as reliable; practical, without the need for quantitative measurement; and related to clinical manifestations [18]. Park et al. analyzed 166 patients to determine the relationship between their CFS grading of C4–5, C5–6, and C6–7 and corresponding neurological symptoms. They defined positive neurological manifestations of corresponding cervical neural foraminal stenosis as more than one positive neurological clinical manifestation (paresthesia, extremity weakness, numbness, and funicular or radicular pain) combined with more than one positive neurological sign (positive Lhermitte sign, Spurling sign, decreased deep tendon reflex response, and positive denervation sign on electromyography). They found that grades 2 and 3 were associated with positive neurological manifestations. One weakness of the study of Park et al. was that clinical manifestations were too simple and not quantitative. We used patient-reported VAS scores and NDI score for the neck and both arms instead of assessment by physicians. In the present study, performed mainly in patients with multilevel CFS, maximal grade of CFS was not correlated with any of the clinical symptoms. We found that arm pain occurred more frequently on the side with the larger count of grade 2 and 3 CFS in this multilevel dominant CFS population. Only grade 3 CFS was related to arm pain sidedness in subgroup analysis. More perineural fat obliteration (in particular, >50% of nerve root circumference) is related to poorer clinical features in the lumbar spine [22,23], and findings in the cervical spine were similar. The results of the present study and previous studies suggest that grade 2 and 3 CFS, especially grade 3 CFS in the side with arm pain, may be related to clinical symptoms and may represent a target for treatment.



We also found that CFS grades at C3–4 and total count were correlated with neck VAS score. Neck VAS score was correlated with CFS grade on both sides at the C3–4 level. This was consistent with two previous studies that showed a relationship between C4 radiculopathy and neck pain [26,27]. Even though these two studies showed that symptoms in different neck regions (suboccipital vs. base of posterior neck) can be caused by radiculopathy due to C3–4 level pathology, both suggested that neck pain is one of the symptoms of C4 radiculopathy. C3–4 level CFS in combination with neck pain could potentially be a treatment target. Total count of CFS ≥ grade 1 was also correlated with neck VAS score. These findings suggest that all CFS grades may contribute to neck pain. However, the total count of CFS may have been a confounder of neck pain in this study because CFS is usually combined with cervical spinal pathology related to neck pain, such as disc degeneration and facet joint arthritis [28].



In the present study, NDI was not related to any radiological parameters. This was contrary to the findings of previous studies indicating a significant improvement in NDI after foraminal decompression [29]. However, findings similar to those of the present study were reported in a previous study of lumbar spinal stenosis, in which Oswestry Disability Index (ODI) score was not correlated with the radiological severity of lumbar spinal stenosis [21]. They assumed that the discrepancy between ODI and radiological findings may have been caused by the wide variability in lumbar dimension (in patients with a severe grade of stenosis and no symptoms) or dynamic factors (in patients with a mild degree of stenosis and severe symptoms). They also suggested that other factors, such as mood, have a more important relationship with ODI. We also assumed that other factors, such as dynamic compression or cervical alignment, may have a greater influence on NDI than the severity of CFS.



Our study had a number of limitations. First, this was a retrospective study and, thus, it was possibly subject to bias. To avoid this problem, the MRI observers were blinded to clinical outcomes. Second, the study population was relatively small. The number of cases with CFS at C7–T1 and T1–2 was very limited. This may have been related to the observation that arm VAS score was correlated only with CFS level C5–6 on the right side. Third, we only performed MRI in the supine position. Further dynamic studies may improve the diagnostic accuracy of CFS. However, dynamic studies require specialized equipment, and the results of the present study using supine MRI may be more helpful in general medical situations. Fourth, arm pain in the present study population may not have been of cervical origin. Our experienced spine surgeon performed thorough history-taking and physical examination. Patients with no typical symptoms of CFS were referred to shoulder, elbow, or hand specialists or neurologists. Even though there was a possibility that arm pain may have been caused by upper extremity or peripheral nerve problems, our results may be helpful for the diagnosis and treatment of CFS patients. Finally, this was a cross-sectional study. Further longitudinal studies of treatment according to CFS grade may yield better results regarding confirmation of symptomatic level.




5. Conclusions


The CFS grade at C3–4 and total count were correlated with neck VAS. The arm VAS was also correlated with the CFS grade and total counts. Arm pain occurred more frequently on the side with the larger counts of grade 2 and 3 CFS, especially grade 3 CFS. The findings of the present study suggest that C3–4 level CFS in combination with neck pain and grade 2 and 3 CFS on the side with arm pain may be treatment targets. However, the correlations between clinical parameters and radiological parameters were weak and, therefore, degenerative CFS is still a clinicoradiological syndrome. Examination of both clinical symptoms and MRI is important when determining symptomatic level in patients with this diagnosis.







Author Contributions


Conceptualization H.-D.L., C.-H.J., N.-S.C. and H.-W.C.; methodology H.-D.L., N.-S.C. and H.-W.C.; software, C.-H.J. and N.-S.C.; validation, H.-D.L., H.-S.Y. and H.-W.C.; formal analysis, H.-D.L., H.-S.Y. and H.-W.C.; investigation, C.-H.J. and N.-S.C.; resources, C.-H.J. and N.-S.C.; data curation, H.-D.L., H.-S.Y. and H.-W.C.; writing—original draft preparation, H.-D.L., H.-S.Y. and H.-W.C. writing—review and editing, C.-H.J. and N.-S.C.; visualization, H.-D.L., H.-S.Y. and H.-W.C.; supervision, C.-H.J. and N.-S.C.; project administration, H.-D.L. and N.-S.C.; funding acquisition, C.-H.J. and N.-S.C. All authors have read and agreed to the published version of the manuscript.




Funding


No funds were received in support of this work. No benefits in any form have been or will be received from a commercial party related directly or indirectly to the subject of this article.




Institutional Review Board Statement


This project was approved by our institutional review board, approval code AJIRB-MED-MDB-21-273.




Informed Consent Statement


Patient consent was waived by the Institutional Review Board, because this retrospective study represents no more than minimal risk to subjects and did not adversely affect their rights and welfare.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Woods, B.I.; Hilibrand, A.S. Cervical radiculopathy. J. Spinal Disord. Tech. 2015, 28, E251–E259. [Google Scholar] [CrossRef]

	



Ko, S.; Choi, W.; Lee, J. The Prevalence of Cervical Foraminal Stenosis on Computed Tomography of a Selected Community-Based Korean Population. Clin. Orthop. Surg. 2018, 10, 433–438. [Google Scholar] [CrossRef]

	



Saldaña, M.T.; Navarro, A.; Pérez, C.; Masramón, X.; Rejas, J. Patient-reported-outcomes in subjects with painful lumbar or cervical radiculopathy treated with pregabalin: Evidence from medical practice in primary care settings. Rheumatol. Int. 2009, 30, 1005–1015. [Google Scholar] [CrossRef]

	



Saal, J.S.; Saal, J.A.; Yurth, E.F. Nonoperative management of herniated cervical intervertebral disc with radiculopathy. Spine 1996, 21, 1877–1883. [Google Scholar] [CrossRef]

	



Kim, M.S.; Lee, D.G.; Chang, M.C. Outcome of Transforaminal Epidural Steroid Injection According to Severity of Cervical Fo-raminal Stenosis. World Neurosurg. 2018, 110, e398–e403. [Google Scholar] [CrossRef]

	



Dedering, A.; Peolsson, A.; Cleland, J.A.; Halvorsen, M.; Svensson, M.A.; Kierkegaard, M. The Effects of Neck-Specific Training Versus Prescribed Physical Activity on Pain and Disability in Patients With Cervical Radiculopathy: A Randomized Controlled Trial. Arch. Phys. Med. Rehabil. 2018, 99, 2447–2456. [Google Scholar] [CrossRef]

	



Gregory, G.; McKivigan, J.M. Effectiveness of Intermittent Mechanical Traction in Cervical Radiculopathy: A Systematic Review. J. Med. Res. Pract. 2018, 7, 39. [Google Scholar]

	



Zhu, L.; Wei, X.; Wang, S. Does cervical spine manipulation reduce pain in people with degenerative cervical radiculopathy? A systematic review of the evidence, and a meta-analysis. Clin. Rehabil. 2015, 30, 145–155. [Google Scholar] [CrossRef] [PubMed]

	



Guo, C.; Zhang, L.; Kong, Q.; Wang, Y.; Yang, J.; Yan, Y.; Wu, H.; Peng, Z. Full Endoscopic Key Hole Technique for Cervical Foraminal Stenosis: Is Mere Dorsal Decompression Enough? World Neurosurg. 2019, 126, e16–e26. [Google Scholar] [CrossRef] [PubMed]

	



Gu, B.S.; Park, J.H.; Seong, H.Y.; Jung, S.K.; Roh, S.W. Feasibility of Posterior Cervical Foraminotomy in Cervical Foraminal Stenosis: Prediction of Surgical Outcomes by the Foraminal Shape on Preoperative Computed Tomography. Spine 2017, 42, E267–E271. [Google Scholar] [CrossRef]

	



Suk, K.-S.; Lee, S.-H.; Park, S.-Y.; Kim, H.-S.; Moon, S.-H.; Lee, H.-M. Clinical Outcome and Changes of Foraminal Dimension in Patients with Foraminal Stenosis after ACDF. J. Spinal Disord. Tech. 2015, 28, E449–E453. [Google Scholar] [CrossRef]

	



Kang, K.-C.; Lee, H.S.; Lee, J.-H. Cervical Radiculopathy Focus on Characteristics and Differential Diagnosis. Asian Spine J. 2020, 14, 921–930. [Google Scholar] [CrossRef]

	



Thoomes, E.J.; Scholten-Peeters, G.G.M.; de Boer, A.J.; Olsthoorn, R.A.; Verkerk, K.; Lin, C.; Verhagen, A.P. Lack of uniform diagnostic criteria for cervical radiculopathy in conservative intervention studies: A systematic review. Eur. Spine J. 2012, 21, 1459–1470. [Google Scholar] [CrossRef]

	



Anderberg, L.; Annertz, M.; Rydholm, U.; Brandt, L.; Säveland, H. Selective diagnostic nerve root block for the evaluation of radicular pain in the multilevel degenerated cervical spine. Eur. Spine J. 2005, 15, 794–801. [Google Scholar] [CrossRef] [PubMed]

	



Sioutas, G.; Kapetanakis, S. Clinical anatomy and clinical significance of the cervical intervertebral foramen: A review. Folia Morphol. 2016, 75, 143–148. [Google Scholar] [CrossRef]

	



Park, M.S.; Moon, S.-H.; Lee, H.-M.; Kim, T.-H.; Oh, J.K.; Lee, S.Y.; Oh, J.B.; Riew, K.D. Diagnostic value of oblique magnetic resonance images for evaluating cervical foraminal stenosis. Spine J. 2015, 15, 607–611. [Google Scholar] [CrossRef]

	



Shim, J.H.; Park, C.K.; Lee, J.H.; Choi, J.W.; Lee, D.C.; Kim, D.H.; Kim, J.K.; Hwang, J.H. A comparison of angled sagittal MRI and conventional MRI in the diagnosis of herniated disc and stenosis in the cervical foramen. Eur. Spine J. 2009, 18, 1109–1116. [Google Scholar] [CrossRef]

	



Park, H.J.; Kim, S.S.; Han, C.H.; Lee, S.Y.; Chung, E.C.; Kim, M.S.; Kwon, H.J. The Clinical Correlation of a New Practical MRI Method for Grading Cervical Neural Foraminal Stenosis Based on Oblique Sagittal Images. Am. J. Roentgenol. 2014, 203, 412–417. [Google Scholar] [CrossRef]

	



Park, H.-J.; Kim, S.S.; Lee, S.-Y.; Park, N.-H.; Chung, E.-C.; Rho, M.-H.; Kwon, H.-J.; Kook, S.-H. A practical MRI grading system for cervical foraminal stenosis based on oblique sagittal images. Br. J. Radiol. 2013, 86, 20120515. [Google Scholar] [CrossRef]

	



Kim, W.; Ahn, K.-S.; Kang, C.H.; Kang, W.Y.; Yang, K.-S. Comparison of MRI grading for cervical neural foraminal stenosis based on axial and oblique sagittal images: Concordance and reliability study. Clin. Imaging 2017, 43, 165–169. [Google Scholar] [CrossRef]

	



Sirvanci, M.; Bhatia, M.; Ganiyusufoglu, K.A.; Duran, C.; Tezer, M.; Ozturk, C.; Aydogan, M.; Hamzaoglu, A. Degenerative lumbar spinal stenosis: Correlation with Oswestry Disability Index and MR Imaging. Eur. Spine J. 2008, 17, 679–685. [Google Scholar] [CrossRef]

	



Farshad, M.; Sutter, R.; Hoch, A. Severity of foraminal lumbar stenosis and the relation to clinical symptoms and response to periradicular infiltration—Introduction of the “melting sign”. Spine J. 2018, 18, 294–299. [Google Scholar] [CrossRef]

	



Yamada, K.; Abe, Y.; Satoh, S.; Yanagibashi, Y.; Hyakumachi, T.; Masuda, T. A novel diagnostic parameter, foraminal stenotic ratio using three-dimensional magnetic resonance imaging, as a discriminator for surgery in symptomatic lumbar foraminal stenosis. Spine J. 2017, 17, 1074–1081. [Google Scholar] [CrossRef] [PubMed]

	



Park, H.-J.; Kim, S.S.; Lee, S.-Y.; Park, N.-H.; Rho, M.-H.; Hong, H.-P.; Kwag, H.-J.; Kook, S.-H.; Choi, S.-H. Clinical Correlation of a New MR Imaging Method for As-sessing Lumbar Foraminal Stenosis. Am. J. Neuroradiol. 2012, 33, 818–822. [Google Scholar] [CrossRef]

	



Langevin, P.; Desmeules, F.; Lamothe, M.; Robitaille, S.; Roy, J.-S. Comparison of 2 Manual Therapy and Exercise Protocols for Cervical Radiculopathy: A Randomized Clinical Trial Evaluating Short-Term Effects. J. Orthop. Sports Phys. Ther. 2015, 45, 4–17. [Google Scholar] [CrossRef]

	



Park, M.S.; Kelly, M.P.; Min, W.-K.; Rahman, R.K.; Riew, K.D. Surgical Treatment of C3 and C4 Cervical Radiculopathies. Spine 2013, 38, 112–118. [Google Scholar] [CrossRef]

	



Jenis, L.G.; An, H.S. Neck Pain Secondary to Radiculopathy of the Fourth Cervical Root: An Analysis of 12 Surgically Treated Patients. J. Spinal Disord. 2000, 13, 345–349. [Google Scholar] [CrossRef] [PubMed]

	



An, S.J.; Hong, S.J.; Kim, Y.U.; Lee, Y.K. Best cut-off point of the cervical facet joint area as a new morphological measurement tool to predict cervical foraminal stenosis. J. Pain Res. 2019, 12, 1325–1330. [Google Scholar] [CrossRef]

	



Woods, B.I.; Hilibrand, A.S. Cervical radiculopathy: Epidemiology, etiology, diagnosis, and treatment. Clin. Spine Surg. 2015, 28, E251–E259. [Google Scholar] [CrossRef]








[image: Healthcare 09 01743 g001 550] 





Figure 1. T2 reconstructed oblique sagittal magnetic resonance images and schematic drawing of cervical foraminal stenosis grades 0 (A,B), 1 (C,D), 2 (E,F) and 3 (G,H). Grade 0 = no stenosis; Grade 1 = mild stenosis with perineural fat obliteration < 50% of nerve root circumference; Grade 2 = moderate stenosis with perineural fat obliteration > 50% of nerve root circumference; Grade 3 = severe stenosis collapsed nerve root and morphological changes of the nerve root. 
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Table 1. Distribution of foraminal stenosis by vertebral level.
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Park Grade

	
Total




	
0

	
1

	
2

	
3




	
Left

	
Right

	
Left

	
Right

	
Left

	
Right

	
Left

	
Right

	
Left

	
Right






	
C3–4

	
29 (38.7)

	
32 (42.7)

	
33 (44.0)

	
32 (42.7)

	
3 (4.0)

	
1 (1.3)

	
10 (13.3)

	
10 (13.3)

	
46 (61.3)

	
43 (57.3)




	
C4–5

	
28 (37.3)

	
30 (40.0)

	
34 (45.3)

	
28 (37.3)

	
6 (8.0)

	
5 (6.7)

	
7 (9.3)

	
12 (16.0)

	
47 (62.7)

	
45 (60.0)




	
C5–6

	
12 (16.0)

	
10 (13.3)

	
24 (32.0)

	
31 (41.3)

	
7 (9.3)

	
3 (4.0)

	
32 (42.7)

	
31 (41.3)

	
63 (84.0)

	
65 (86.7)




	
C6–7

	
29 (38.7)

	
26 (34.7)

	
20 (26.7)

	
24 (32.0)

	
5 (6.7)

	
5 (6.7)

	
21 (28.0)

	
20 (26.7)

	
46 (61.3)

	
49 (65.3)




	
C7–T1

	
50 (66.7)

	
59 (78.7)

	
23 (30.7)

	
10 (13.3)

	
2 (2.7)

	
1 (1.3)

	
0 (0.0)

	
5 (6.7)

	
25 (33.3)

	
16 (21.3)




	
T1–2

	
71 (94.7)

	
72 (96.0)

	
4 (5.3)

	
2 (2.7)

	
0 (0.0)

	
1 (1.3)

	
0 (0.0)

	
0 (0.0)

	
4 (5.3)

	
3 (4.0)




	
Total

	
219 (48.7)

	
229 (50.9)

	
138 (30.7)

	
127 (28.2)

	
23 (5.1)

	
16 (3.6)

	
70 (15.6)

	
78 (17.3)

	
231 (25.7)

	
211 (23.4)








Data in parentheses are percentages.
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Table 2. Distribution of CFS dominance divided by total counts of CFS ≥ grade 2 on left and right sides and arm pain sidedness.






Table 2. Distribution of CFS dominance divided by total counts of CFS ≥ grade 2 on left and right sides and arm pain sidedness.





	

	
Arm Pain

	
Total




	
None

	
Left Only

	
Right Only

	
Both






	
CFS

dominance

	
None

	
8

	
3

	
3

	
4

	
18




	
Left

	
3

	
10

	
2

	
2

	
17




	
Right

	
5

	
5

	
10

	
1

	
21




	
Both

	
5

	
4

	
9

	
1

	
19




	
Total

	
21

	
22

	
24

	
8

	
75
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Table 3. Subgroup analysis of CFS dominance divided by total counts of CFS ≥ grade 2 on left and right sides for arm pain sidedness.
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p






	
None

	
vs. Left

	
0.076




	
vs. Right

	
0.087




	
vs. Both

	
0.132




	
Left

	
vs. Right

	
0.058




	
vs. Both

	
0.051




	
Right

	
vs. Both

	
0.996
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Table 4. Distribution of CFS dominance according to total counts of CFS ≥ grade 3 on left and right sides and arm pain sidedness.
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Arm Pain

	
Total




	
None

	
Left Only

	
Right Only

	
Both






	
CFS

dominance

	
None

	
11

	
5

	
3

	
5

	
24




	
Left

	
4

	
8

	
0

	
1

	
13




	
Right

	
3

	
5

	
13

	
1

	
22




	
Both

	
3

	
4

	
8

	
1

	
16




	
Total

	
21

	
22

	
24

	
8

	
75
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Table 5. Subgroup analysis of CFS dominance divided by total counts of CFS ≥ grade 3 on left and right sides and arm pain sidedness.
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p






	
None

	
vs. Left

	
0.073




	
vs. Right

	
0.004 *




	
vs. Both

	
0.039 *




	
Left

	
vs. Right

	
0.006 *




	
vs. Both

	
0.026 *




	
Right

	
vs. Both

	
0.948








* p < 0.05.
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