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Simple Erosion Narrowing Score of the hands as a predictor of cervical spine subluxation in rheumatoid arthritis
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Abstract

Background: Involvement of the cervical spine is common in patients with rheumatoid arthritis and can lead to devastating or even fatal consequences. Currently no guidelines exist as to whether radiographs of the cervical spine should be included in follow-up visits.

Objectives: To determine whether the Simple Erosion Narrowing Score (SENS) of the hands correlate with the presence of cervical spine subluxation in patients with rheumatoid arthritis.

Method: This was a retrospective, observational, cross-sectional study. A total of 56 rheumatoid arthritis patients with hand radiographs and lateral radiographs of the cervical spine were evaluated. The SENS of the hands and the presence of cervical spine subluxation were compared. The SENS of the hands was correlated with the prevalence of cervical spine subluxation, as was the erosion and joint space narrowing scores of the hands.

Results: A correlation between the SENS of the hands and the prevalence of cervical spine subluxation was confirmed. A higher prevalence of cervical spine subluxation correlated with an increase in the SENS of the hands (p = 0.0002). The erosion and joint space narrowing scores of the hands also correlated with the prevalence of cervical spine subluxation (p = 0.0001).

Conclusion: This study confirmed that a correlation exists between cervical spine subluxation, peripheral joint space erosions and joint space narrowing in patients with rheumatoid arthritis and SENS may therefore be used as a predictor of cervical spine disease.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune mediated disease characterised by chronic inflammation of synovial joints and involvement of the cervical spine.1,2,3,4,5,6,7 The chronic inflammation of RA leads to damage in cartilage and subchondral bone which leads to joint destruction.8,9 Cervical spine damage due to RA may give rise to myelopathy and sudden death due to spinal cord and brain stem compression.10 The most common and notable patterns of cervical spine instability in RA include: atlantoaxial subluxation; cranial settling; sub-axial subluxation; or a combination of the above.2,4,5,6,7,10

Atlantoaxial subluxation occurs as the result of an incompetent transverse ligament or erosion of the dens. It usually occurs in the anterior direction but may be in a posterior or lateral direction. Cranial settling decreases the vertical distance between the brainstem and the dens and is caused by erosion in the occipito-atlanto articulation, the atlantoaxial articulation or both. Sub-axial subluxation is caused by facet joint erosion and ligament incompetence and can occur at multiple levels.4,5,6

The association between peripheral joint destruction and cervical spine subluxation in RA is known,2 but only one previous study has correlated the Simple Erosion Narrowing Score (SENS) of both the hands and feet with the prevalence of cervical spine subluxation.11 Our study is the first to correlate SENS of the hands only with cervical spine subluxation.

Scoring methods are used to evaluate the severity and monitor the progression of RA.8,12 Simple Erosion Narrowing Score is a radiological scoring method for peripheral joints based on the presence or absence of erosions and joint space narrowing.8,9,13

This study evaluated the SENS of the hands as a predictor of cervical spine subluxation in patients with RA and may provide clinicians with a rapid method of predicting cervical spine subluxation in RA patients.8,9 Currently, no guidelines exist as to whether radiographs of the cervical spine should be performed on a regular basis,10 but predicting cervical spine subluxation with the SENS of the hands may serve as a guideline, which might lead to decreased radiation exposure for patients, more efficient utilisation of available resources, as well as cost limitation.

The aim of the study was to determine whether the SENS of the hands can be used to predict the presence of cervical spine subluxation in patients with RA and the objectives were to assess whether there is correlation between the SENS of the hands and the prevalence of cervical spine subluxation (atlantoaxial subluxation/cranial settling/sub-axial subluxation) in patients with RA, as well as to develop a guideline based on the SENS of the hands in patients with RA for radiological investigation of the cervical spine.

Methods

This was a retrospective, observational, cross-sectional study set in the Department of Radiology and Department of Rheumatology, Steve Biko Academic Hospital, Pretoria.

Radiographs of 56 RA patients at Steve Biko Academic Hospital’s rheumatology clinic were evaluated. To be eligible, radiographs needed to include at least one set of Anterior-Posterior (AP) radiographs of both hands, as well as lateral radiographs of the cervical spine in the neutral, flexion and extension positions taken on the same day.

The Simple Erosion Narrowing Score is used to score radiographs of both hands and feet,8,9 but in this study, only the SENS of the hands was used.8,9,13 A total of 32 joints were scored for erosions and 30 for joint space narrowing (Figure 1). A joint is scored 1 point if there is erosion at least at one location and another 1 point if joint space narrowing is present. The maximum erosion score was 32, the maximum joint space narrowing score was 30 and the maximum total SENS was 62 for the hands.8,9,13
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Lateral radiographs of the cervical spine in the neutral, flexion and extension positions were evaluated to determine the presence of cervical spine subluxation. Atlantoaxial subluxation was diagnosed if the anterior atlanto-dental interval (AADI) was > 3 mm on any of the lateral cervical spine radiographs. For the evaluation of cranial settling, the Redlund-Johnell measurement was used, which measures the distance between the inferior border of the C2 vertebral body and a line drawn from the posterior tip of the hard palate to the inferior cortical margin of the occiput (known as the McGregor Line). A result of less than 34 mm in males and less than 29 mm in females was used to diagnose cranial settling.4,5 A diagnosis of sub-axial subluxation was made if a vertebra was displaced > 3 mm anteriorly or posteriorly in relation to the next vertebra when measured from the posterior line of the vertebral bodies in flexion or extension.7

Radiographs were evaluated by a single radiologist; a senior registrar in the department who had completed his Fellowship of the College of Diagnostic Radiologists of South Africa (FC Rad Diag SA) part 2 exam and had an interest in musculoskeletal radiology. Separate diagrams for scoring erosions and joint space narrowing of the hands were used to determine the SENS of each patient and the result was combined with the cervical spine subluxation measurements on a single chart for each patient.

The prediction equation of interest was a logistic regression function with dependant variable ‘outcome’, i.e. zero if all three types of cervical spine subluxation were absent and one if at least one of the three types of cervical spine subluxations were present. Sample size calculation was based on the number of Events Per Variable (the sample size is adequate when the Events Per Variable [EPV] > 5.16). Three prediction variables were evaluated with the SENS (hands along with sex and age). To reach the expected proportion of cervical spine subluxation of 32.5%, the required sample size was 47 in which the number of events were more than 15 (3 × 5).14

Data summary included mean, standard deviation, range and 95% confidence intervals (CI). For discrete data, frequencies, percentage, cross-tabulation and 95% CI were used. Intra-reader reliability was derived as the intra-class correlation coefficient (ICC) from a random-effects maximum likelihood regression analysis. The relationship between the SENS of the hands and the cervical spine subluxation outcome (present/absent) was assessed using diagnostic statistics (sensitivity, specificity, positive predictive and negative predictive values). The main aim of the study was to evaluate the relationship between the SENS of the hands and cervical spine subluxation, but the erosion and joint space narrowing scores of the hands and cervical spine subluxation were also assessed separately. A post-hoc logistic regression analysis was employed to derive the diagnostic statistics.

Ethical consideration

This was a retrospective, observational, cross-sectional study. Ethics approval was obtained from the Ethics committee of the Health Sciences Faculty at the University of Pretoria (Ethics number 69/2016). Custodian consent was obtained from Steve Biko Academic Hospital’s chief executive officer to access patient files.

Results

A total of 56 patients with RA at Steve Biko Academic Hospital’s rheumatology clinic were evaluated. The SENS of the hands was determined on AP radiographs of the hands and the presence of cervical spine subluxation was determined on lateral radiographs of the cervical spine in the neutral-, flexion- and extension positions. The SENS of the hands was correlated with the prevalence of cervical spine subluxation to determine whether it can be used as a possible predictor of cervical spine subluxation. A random-effects maximum likelihood regression analysis was used to determine an ICC, which is used as a measure of intra-reader reliability. A result of 0.91 was obtained, which shows excellent repeatability (maximum ICC = 1).

Descriptive statistics for continuous variables are summarised in Table 1. Proportions, as well as 95% CI for binary variables are summarised in Table 2.
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Cervical spine subluxation (a single subluxation or a combination of subluxations) was present in a total of 16 (28.6%) of the 56 patients. Atlantoaxial subluxation, cranial settling and sub-axial subluxation was present in 11 (19.6%), 4 (7.1%) and 6 (10.7%) patients respectively. In the 16 patients with cervical spine subluxation, atlantoaxial subluxation was present in 6 (37.5%) patients, cranial settling in 2 (12.5%) patients, sub-axial subluxation in 3 (18.8%) patients and a combination of subluxations in 5 (31.3%) patients.

A correlation between the SENS of the hands and cervical spine subluxation (p = 0.0002) was found and is demonstrated in Figure 2. A higher prevalence of cervical spine subluxation was found with an increase in the SENS. The same result was obtained for the erosion and joint space narrowing scores of the hands when correlated with the prevalence of cervical spine subluxation separately (p = 0001). The correlations between the increase in the SENS, erosion, and joint space narrowing scores of the hands and the prevalence of cervical spine subluxation are demonstrated in Figures 2, 3 and 4 respectively.
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Study results using the SENS of the hands as a predictor of cervical spine subluxation are summarised in Table 3.
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The SENS of the hands serves as a relatively good predictor of cervical spine subluxation in patients with RA. Out of the 16 patients in which cervical spine subluxation was present, 14 had a SENS of the hands > 9 (true positives) and 2 had a SENS of the hands ≤ 9 (false negatives). Of the 40 patients with no cervical spine subluxation, 3 had a SENS of the hands > 9 (false positives) and 37 had a SENS of the hands ≤ 9 (true negatives). A SENS of the hands > 9 as a predictor of cervical spine subluxation in this study population demonstrated a sensitivity of 87.5 %, specificity of 92.5 %, positive predictive value (PPV) of 82.4 % and negative predictive value (NPV) of 94.9 %.

Study results using the erosion- and joint space narrowing scores of the hands as predictors of cervical spine subluxation, as well as the sensitivity, specificity, PPV and NPV of the SENS, erosion and joint space narrowing scores of the hands as predictors of cervical spine subluxation are summarised in Table 3.

Discussion

The patients with cervical spine subluxation generally had higher SENS scores, and erosion and joint space narrowing scores of the hands, when compared to patients where cervical spine subluxation was absent. The majority of patients with a relatively low SENS of the hands did not have cervical spine subluxation, with the exception of a small percentage of patients with a low SENS who presented with cervical spine subluxation. In general, a higher SENS correlated with a higher prevalence of cervical spine subluxation, but a low SENS did not necessarily exclude cervical spine subluxation.

This study confirmed the correlation between SENS of the hands and the prevalence of cervical spine subluxation in patients with RA (p = 0.0002). This is in accordance with other studies.2,3,7,10,11,12,13,14,15 The other objective of this study was to develop a guideline regarding the radiological investigation of the cervical spine based on the SENS in patients with RA. The purpose of such a guideline would be to take only an image of the cervical spine in patients where cervical spine subluxation is more likely, based on the SENS of the hands. Diagnostic statistics to predict cervical spine subluxation were found to be most optimal for a SENS of the hands > 9 and absent where the SENS of the hands was ≤ 9. If this guideline is to be implemented in clinical practice, the cervical spine would only be imaged in those patients where the SENS of the hands are > 9. However, a SENS of the hands > 9 as a predictor of cervical spine subluxation in this study population produced 2 false negatives, thus slightly lowering the sensitivity to 87.5 % and the PPV to 82.4 %. This means that 2 out of the 16 cervical spine subluxations would not be diagnosed if imaging based on the SENS of the hands alone were to be used for diagnosing cervical spine subluxation. The 2 patients (false negatives) in this study with a low SENS of the hands (0) and cervical spine subluxation both had atlantoaxial subluxation.

The erosion- and joint space narrowing scores of the hands as predictors of cervical spine subluxation in patients with RA were also evaluated separately. While a higher prevalence of cervical spine subluxation was found with an increase in the SENS, the same result was obtained for the erosion and joint space narrowing scores of the hands when correlated with the prevalence of cervical spine subluxation separately (p = 0.0001). For the erosion score of the hands, diagnostic statistics for predicting cervical spine subluxation were found to be most optimal for a score > 5, that is, cervical spine subluxation present where the erosion score of the hands was > 5 and absent where the erosion score of the hands was ≤ 5. For the joint space narrowing score of the hands, diagnostic statistics for predicting cervical spine subluxation were found to be most optimal for a score of > 3, that is, cervical spine subluxation present where the joint space narrowing score of the hands was > 3 and absent where the joint space narrowing score of the hands was ≤ 3.

The erosion score of the hands as a predictor of cervical spine subluxation was equally effective compared to the SENS with identical sensitivity, specificity, PPV and NPV. The erosion score of the hands might thus serve as an easier and quicker but equally effective predictor of cervical spine subluxation than the SENS in patients with RA. The joint space narrowing score was not as effective in predicting cervical spine subluxation as the SENS or the erosion score with a lower sensitivity, specificity, PPV and NPV.

Conclusion

This study confirmed a correlation between the SENS of the hands and the prevalence of cervical spine subluxation in patients with RA. A higher prevalence of cervical spine subluxation was found with an increase in the SENS. The same results were obtained with the erosion and joint space narrowing scores of the hands when correlated with the prevalence of cervical spine subluxation separately. The SENS of the hands correlates with the prevalence of cervical spine subluxation in patients with RA, and may be used as a relatively reliable predictor of cervical spine subluxation in patients with RA, but SENS alone should not be the only predictive factor taken into account when making decisions regarding the imaging of the cervical spine in patients with RA. Other predictive factors of cervical spine subluxation such as biochemical markers, clinical features, patient demographics and treatment in conjunction with the SENS of the hands should be considered as well.

Acknowledgements

Competing interests

The authors have declared that no competing interests exist.

Authors’ contributions

E.G. Primary researcher, wrote the manuscript; M.M.T.M.A. conception and design of project, revisions and editing of manuscript; P.W.A.M. statistical analysis and contribution to writing of results, revisions and editing of manuscript; F.E.S. assisted in conception and design, supervised the research, assisted with writing of the manuscript, revisions and editing of manuscript.

Funding information

This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.

Data availability statement

Data is available from the corresponding author upon request.

Disclaimer

The views expressed in the submitted article are the authors’ own and not an official position of the institution.

References


	01. 	Sommer OJ, Kladosek A, Weiler V, Czembirek H, Boeck M, Stiskal M. Rheumatoid arthritis: A practical guide to state-of-the-art imaging, image interpretation, and clinical implications. Radiographics. 2005;25(2):381–398. https://doi.org/10.1148/rg.252045111

	02. 	Neva MH, Isomäki P, Hannonen P, Kauppi M, Krishnan E, Sokka T. Early and extensive erosiveness in peripheral joints predicts atlantoaxial subluxations in patients with rheumatoid arthritis. Arthritis Rheum. 2003;48(7):1808–1813. https://doi.org/10.1002/art.11086

	03. 	Rasker JJ, Cosh JA. Radiological study of the cervical spine and hand in patients with rheumatoid arthritis of 15 years’ duration: An assessment of the effects of corticosteroid treatment. Ann Rheum Diss. 1978;37(6):529–535. https://doi.org/10.1136/ard.37.6.529

	04. 	Monsey RD. Rheumatoid arthritis of the cervical spine. J Am Acad Orthop Surg. 1997;5(5):240–248.

	05. 	Nguyen HV, Ludwig SC, Silber J, et al. Rheumatoid arthritis of the cervical spine. Spine J. 2004;4(3):329–334. https://doi.org/10.5435/00124635-199709000-00002

	06. 	Shen FH, Samartzis D, Jenis LG, An HS. Rheumatoid arthritis: Evaluation and surgical management of the cervical spine. Spine J. 2004;4(6):689–700. https://doi.org/10.1016/j.spinee.2004.05.001

	07. 	Fujiwara K, Fujimoto M, Owaki H, et al. Cervical lesions related to systemic progression in rheumatoid arthritis. Spine. 1998;23(19):2052–2056. https://doi.org/10.1097/00007632-199810010-00003

	08. 	Van der Heijde D, Dankert T, Nieman F, Rau R, Boers M. Reliability and sensitivity to change of a simplification of the Sharp/van der Heijde radiological assessment in rheumatoid arthritis. Rheumatology. 1999;38(10):941–947. https://doi.org/10.1093/rheumatology/38.10.941

	09. 	Dias EM, Lukas C, Landewé R, Fatenejad S, Van der Heijde D. Reliability and sensitivity to change of the simple erosion narrowing score compared with the Sharp-van der Heijde method for scoring radiographs in rheumatoid arthritis. Ann Rheum Dis. 2008;67(3):375–379. https://doi.org/10.1136/ard.2007.072785

	10. 	Blom M, Creemers MCW, Kievit W, Lemmens JAM, Van Riel PLCM. Long-term follow-up of the cervical spine with conventional radiographs in patients with rheumatoid arthritis. Scand J Rheumatol. 2013;42(4):281–288. https://doi.org/10.3109/03009742.2012.747625

	11. 	Carotti M, Salaffi F, Di Carlo M, Francesco S, Andrea G. Magnetic resonance imaging of the craniovertebral junction in early rheumatoid arthritis. Skeletal Radiol. 2019;48:553–561. https://doi.org/10.1007/s00256-018-3055-9

	12. 	Van der Heijde DMFM. Plain X-rays in rheumatoid arthritis: Overview of scoring methods, their reliability and applicability. Baillieres Clin Rheumatol. 1996;10(3):435–453. https://doi.org/10.1016/S0950-3579(96)80043-4

	13. 	Boini S, Guillemin F. Radiographic scoring methods as outcome measures in rheumatoid arthritis: Properties and advantages. Ann Rheum Dis. 2001;60(9):817–827.

	14. 	Alcala JMF, Douat D, Pinheiro DL, et al. Radiographic changes of the cervical spine in rheumatoid arthritis. Rev Bras Rheumatol. 2013;53(5):388–393. https://doi.org/10.1016/S2255-5021(13)70108-1

	15. 	Akman MN, Dinçer G. Hand radiography: An indicator of upper cervical disease in rheumatoid arthritis. Ann Rheum Dis. 1992;51(4):573. https://doi.org/10.1136/ard.51.4.573-a



OPS/SAJR-24-1876-F1.jpg
FIGURE 1: Diagram illustrating joints of the hand assessed for (a) erosions and (b) joint space narrowing for Simple Erosion Narrowing Score.
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FIGURE 2: Correlation between the Simple Erosion Narrowing Score of the
hands and the prevalence of cervical spine subluxation.
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TABLE 3: Simplified erosion narrowing score of hands, presence of erosions and joint space narrowing as predictors of cervical spine subluxation.

Indicator Sensitivity Specificity LLR (+) LLR (-) Odds Ratio PPV NPV LLR x*(P)
% a % 5] n c n c n 5] n c n c

SENS 82 57-96 95 83-99 15 463 019 0.07-0.52 8 14523 88 93 8098 0.0002

Erosions 82 57-96 95 83-99 15 463 019 0.07-0.52 8 14523 88 93 80-98 0.0001

SN 59 36-79 91 76-98 1 045 75 15 460 81 78 62-89 001

SENS, Simplified erosion narrowing score; LLR (-), Negative likelihood ratio; NPV, Negative predictive Value; JSN, Joint space narrowing; LLR(+), Positive likelihood ratio; PPV, Positive predictive value;
LLRx2, Likelihood ration Chi-square; Cl, confidence interval.
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TABLE 1: Descriptive statistics for continuous variables.

Variable Descriptive statistics for continuous variables
Mean SD Median Range Geometric mean+ 95% CI

Age 54.9 13.58 57.0 19-79 - 51.3;58.6
AADI 2.8 1.93 2.0 1-11 231 1.99; 2.69
Erosion score 5.2 6.77 3.0 0-26 2.56 1.67;3.74
Narrowing score 5.4 7.83 2.0 0-30 2.21 1.34;3.40
SENS 10.6 13.97 5.0 0-55 4.49 2.89;6.76
RIM (entire study population) 365 5.86 36.5 19-57 - 34.93; 38.07
Male RIM 43.0 6.07 41.0 38-57 - 37.92; 48.08
Female RIM 35.4 5.13 355 19-44 - 33.93;36.91

AADI, anterior atlantodens interval; SENS, Simple Erosion Narrowing Score; RIM, Redlund-Johnell measurement; Cl, confidence interval; D, standard deviation.
%, Where distribution was skew, that is, mean and median different in relation to scale of measurement, the geometric mean should be interpreted.
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TABLE 2: Proportions, as well as 95% confidence interval for binary variables.

Variable Proportions and 95% Cl for binary
variables
Proportion (V=56)  95% CI
% n
Female 85.7 48 73.78,93.62
Atlantoaxial subluxation present 196 11 10.24;3243
Cranial settling present 7 4 1.98;17.29
Sub-axial subluxation present 107 6 4.04;21.88
Total subluxations present (single subluxation/ ~ 28.6 16 17.30;4221

combination of subluxations)

Cl. confidence interval.
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FIGURE 3: Correlation between the erosion score of the hands and the
prevalence of cervical spine subluxation.
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FIGURE 4: Correlation between the joint space narrowing score of the hands
and the prevalence of cervical spine subluxation.





