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Purpose: This study aimed to evaluate the degeneration patterns of the facet joints (FJs) in patients with lumbar foraminal stenosis
(LFS) and investigate the correlation between quantitative parameters and FJ osteoarthritis (FJ OA).

Patients and Methods: A total of 171 patients with LFS at the L4/5 level and 146 control patients were enrolled in this study. The
severity of FJ OA was graded according to the Weishaupt classification. The FJ orientation, FJ tropism, superior articular process
cross-sectional area (SAPA), and FJ area were measured at the L.3/4, L4/5, and L5/S1 spinal levels. Associations among the parameters
were assessed using Pearson’s correlation coefficients. Independent sample #-tests and Pearson’s chi-square tests were used for
univariate analyses. The association between LFS and the quantitative parameters was also analyzed using multivariate logistic
regression models adjusted for age, gender, and body mass index.

Results: Patients with LFS had more sagittal FJ orientation (37.9 vs 45.0, p < 0.001), more FJ tropism (5.6 vs 3.8, p < 0.001), larger
SAPA (129.0 vs 97.8, p < 0.001), and less FJ area (21.7 vs 23.3, p = 0.016). Logistic regression analysis showed that LFS was
significantly associated with FJ tropism (odds ratio [OR]: 1.153; p = 0.003) and SAPA (OR: 1.113; p < 0.001). The SAPA showed the
largest area under the curve (0.908, 95% confidence interval: 0.875-0.942) for the diagnosis of LFS. The optimal cutoff value was
114.75 mm?2 with 85.4% sensitivity and 87.0% specificity. Additionally, a significant correlation was observed between FJ OA and
SAPA and FJ area at each studied spinal level.

Conclusion: This study confirmed that LFS is significantly associated with FJ hypertrophy and tropism. FJ hypertrophy and joint space
narrowing correlated with the severity of FJ OA. These results are helpful in understanding the morphology and pathology of FJs.
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Introduction

The facet joints (FJs) are paired diarthrodial joints between the articular processes arising from two adjacent vertebrae.'~
FJs are the only synovial joints in the human spine.> The lumbar FJs are oriented in a sagittal oblique plane, affording
axial loadings and protecting segmental motion from rotation and flexion.*> Owing to the functional characteristics of the
FJ, degenerative changes, known as FJ osteoarthritis (FJ OA), are common with age, with a prevalence of >50% in the
elderly.®” FJ OA is related to disc degeneration and lumbar instability'> and has been considered one of the major causes
of lumbar foraminal stenosis (LFS).® The synovial cysts and osteophyte formation in the superior articular processes
(SAPs) can lead to the narrowing of the foramen and further contribute to LFS symptoms.”'® Thus, it is important to
understand the relationship between anatomical abnormalities of the FJ and LFS.

Several radiological parameters were used to evaluate the FJ. The diagnosis and grading system of FJ OA in
computed tomography (CT) images was proposed by Weishaupt.'' The system indicators include joint space narrowing,
osteophyte formation, hypertrophy of the articular process, subarticular bone erosion, subchondral cysts, and the vacuum
joint phenomenon. FJ orientation and tropism have been proposed to reflect the degeneration and reconstruction of the

15,16

FJ.'>"'* In other studies, the superior articular process cross-sectional area (SAPA) and FJ area'” were considered
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good indicators for evaluating patients with degenerative lumbar spinal stenosis. Lim'® proposed the SAPA as a predictor
of LFS. However, to the best of our knowledge, the quantitative radiological characteristics of the FJ in patients with LFS
have not been comprehensively analyzed. In addition, whether the quantitative parameters of the FJ can reflect the
severity of FJ OA remains controversial.'®

In many previous studies, magnetic resonance imaging (MRI) was used to evaluate FJs.'> Despite moderate to good
accuracy in diagnosing FJ OA,'" MRI is inferior to CT in terms of bone imaging.'® The cortical bone shows nearly zero
signal in conventional clinical MRI sequences,*” resulting in unclear boundaries of the SAPs. Therefore, in this study, we
analyzed the FJs using CT images.

This study aimed to investigate the characteristics of the FJs on CT images in patients with LFS and the correlation
between the quantitative parameters and severity of FJ OA in all enrolled patients. To avoid the influence of different
lesion levels on the measurement results, patients with LFS at the L4/5 were selected as the study participants.

Materials and Methods
Study Participants

We retrospectively reviewed the clinical and imaging data of 171 patients diagnosed with LFS who visited our institution
between January 2020 and March 2021. All patients underwent preoperative lumbar CT and MRI. The inclusion criteria
were as follows: age >40 years, preoperative MRI confirmed narrowing of the bony exit of the nerve root with perineural
fat obliteration,?' unilateral or bilateral symptoms with or without cauda equina compression, and the L4/5 as the most
stenotic level. The exclusion criteria were a history of lumbar injury or surgery, congenital spine defects, and insufficient
clinical or radiological data.

Additionally, 146 patients without lumbar stenosis-related symptoms were enrolled in the control group. The patients
underwent routine lumbar CT in the outpatient department. The medical records and CT images of all enrolled patients
were reviewed. The demographic and clinical data are summarized in Table 1.

Radiological Analysis
Axial CT images at the L3/4, L4/5, and L5/S1 spinal levels were obtained using a picture archiving and communication
system (PACS). All quantitative measurements were performed using the DICOM (version 3.1) viewer software (Neusoft
PACS/RIS) by two trained orthopedic surgeons in a blinded fashion, and the mean of the measurement results was
calculated.

FJ OA was diagnosed and graded according to the Weishaupt classification.' This system classifies FJ OA into four
grades: normal (0) to severe (3). The grading procedure was performed by two experienced clinicians. Overall, 85.4%
(812/951) of the results were consistent. The remaining atypical cases were reassessed by two clinicians.

Table | Characteristics of the Studied Sample

Patients with LFS (n=171) Patients without LFS (n=146) P
Age (years) 644 + 88 62.7 £9.0 0.107
Gender (male/female) 95/76 72/74 0.310
BMI (kg/m?) 26.0 £ 3.7 252 % 3.1 0.042*
VAS (%) 56.0 £ 5.1 - -
Grade of F) OA L3/4 1.5+0.7 02+04 <0.001*
Grade of F] OA L4/5 1.7 £ 0.9 0.5+ 0.6 <0.001*
Grade of F] OA L5/SI 1.7+£1.0 04 £0.7 <0.001*

Note: *Statistically significant at p < 0.05.
Abbreviations: LFS, lumbar foraminal stenosis; BMI, body mass index; VAS, visual analogue score; FJ OA, facet joint
osteoarthritis.
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Figure | Qualitative and quantitative measurements of the facet joints. (A) Examples of CT-evaluated facet joint osteoarthritis grades. (B) Schema of facet joint orientation
measurement. (C) Schema of superior articular process cross-sectional area and facet joint area measurement.

All quantitative radiological parameters were measured using the axial CT images. Slices proximal to the appearance of the
pedicles were identified to perform the measurements.>> One line was drawn in the midsagittal plane of the vertebra, and the
other connected the anterior and posterior margins of the SAPs.'® FJ orientation was defined as the mean facet angle between
the left and right sides. FJ tropism was defined as the absolute difference in angles between the two sides. The SAPA and FJ
area were measured by outlining the SAP and facet joint space at each level, respectively. (Figure 1).

Statistical Analysis

For statistical analyses, data were analyzed using statistical software (SPSS version 23.0 for Windows, IBM). Continuous
variables are presented as mean + standard deviation. Independent sample #-tests and Pearson’s chi-square tests were used
to compare the clinical data and radiological parameters between groups. The associations between the Weishaupt grade
and quantitative parameters were determined using Spearman correlation coefficient. Correlations between parameters
were considered very weak for 0 < |R| < 0.2, weak for 0.2 < |R| < 0.4, moderate for 0.4 < |R| < 0.6, strong for 0.6 < |R| <
0.8, and very strong for 0.8 < |R| < 1.0. Logistic regression analysis was used to identify the association between the
quantitative parameters and LFS. Receiver operating characteristic (ROC) curves and areas under the ROC curves
(AUCs) were constructed to determine the most appropriate parameter for diagnosing LFS. Sensitivity and specificity
were calculated based on the optimal thresholds determined according to the ROC curve analysis. Statistical significance
was set at p < 0.05.

Results

The descriptive statistics of the sample are shown in Table 1. No statistical difference in age and sex was found between
the patients with and without LFS. However, patients with LFS had a higher body mass index (BMI; 26.0 vs 25.2, p =
0.042) and more severe FJ OA at each spinal level (p < 0.001).

In the comparison of the FJ parameters between patients with and without LFS, the mean FJ tropism (5.6 vs 3.8, p <
0.001) and SAPA (129.0 vs 97.8, p < 0.001) were larger in patients with LFS, whereas the mean FJ orientation (37.9 vs
45.0, p <0.001) and FJ area (21.7 vs 23.3, p = 0.016) were smaller. The results are summarized in Table 2. Multivariate
logistic regression analysis showed that LFS was significantly associated with FJ tropism (odds ratio [OR]: 1.153; p =
0.003) and SAPA (OR: 1.113; p < 0.001; Table 3). After applying the ROC curve analysis, the SAPA showed the largest
AUC (0.908, 95% confidence interval: 0.875-0.942; Table 4, Figure 2). The optimal cutoff value of the SAPA for
diagnosing LFS was 114.75 mm?, with 85.4% sensitivity and 87.0% specificity.

Figure 3 shows the average values of the quantitative parameters for each FJ OA grade at the L4/5 level. In general,
FJ tropism and SAPA increased with the severity of FJ OA, whereas FJ orientation and FJ area decreased with the
increasing severity of FJ OA. Table 5 shows the correlations between the grade of FJ OA and age, BMI, and quantitative
parameters. The correlations between the SAPA and FJ OA were strong at each studied spinal level (R = 0.764 at L3/4,
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R =0.674 at L4/5, R = 0.749 at L5/S1). The correlations between the FJ area and FJ OA were moderate to strong at each
studied spinal level (R =—0.406 at L3/4, R =—0.524 at L4/5, R =—0.620 at L5/S1). In addition, no statistically significant
correlation was observed between the quantitative parameters and the visual analogue score (VAS) in patients with LFS.

Table 2 Comparison of the Quantitative Parameters Between Patients with and without LFS

Patients with LFS (n=171) Patients without LFS (n=146) P
FJ orientation L4/5 (°) 379 11.0 45.0 £ 8.2 <0.001
FJ tropism L4/5 (°) 5.6 + 46 3829 <0.001
SAPA L4/5 (mm?) 129.0 = 16.7 978 £ 155 <0.001
F) area L4/5 (mm?) 21.7 £ 6.7 233+ 4.6 0.016

Abbreviations: LFS, lumbar foraminal stenosis; F), facet joint; SAPA, superior articular process cross-sectional area.

Table 3 Association Between LFS and Quantitative Parameters at the Same Level, Adjusted for Age,

Gender, and BMI

Independent Variable P Odds Ratio 95% Confidence Interval
FJ tropism L4/5 0.003* I.153 1.048-1.269

SAPA L4/5 <0.001* I.113 1.088-1.139

Age 0.075

Gender (female) 0.065

BMI 0.185

F) area L4/5 0.559

F) orientation L4/5 0.106

Note: *Statistically significant at p < 0.05.
Abbreviations: LFS, lumbar foraminal stenosis; BMI, body mass index; FJ, facet joint; SAPA, superior articular process cross-

sectional area.

Table 4 Areas Under the Receiver Operating Characteristic Curves (AUCs) of the Parameters for

Diagnosing LFS

AUC Significance 95% Confidence Interval
FJ orientation L4/5 0.694 <0.001 0.636-0.751
FJ tropism L4/5 0.612 0.001 0.551-0.674
SAPA L4/5 0.908 <0.001 0.875-0.942
FJ area L4/5 0.564 0.050 0.501-0.627

Abbreviations: LFS, lumbar foraminal stenosis; FJ, facet joint; SAPA, superior articular process cross-sectional area.

Discussion

In this study, a case-control analysis was designed to assess FJ degeneration using Weishaupt grading and quantitative CT
measurements, including orientation, tropism, hypertrophy, and joint space narrowing. Multivariate logistic analysis revealed that
LFS was significantly associated with the SAPA and FJ tropism. Correlation analysis showed that the severity of FJ OA was
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Figure 2 Receiver operating characteristic curves of the superior articular process cross-sectional area for diagnosing lumbar foraminal stenosis.
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Figure 3 Mean and 95% confidence interval of the facet joint orientation (top left), facet joint tropism (top right), superior articular process cross-sectional area (SAPA;
bottom left), and facet joint area (bottom right) with each grade of facet joint osteoarthritis (F] OA) at the L4/5 level (101 patients with grade 0, 97 with grade |, 94 with
grade 2, and 25 with grade 3). Horizontal lines indicate significant differences between grades (independent sample t-test, p <0.05).
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Table 5 Correlations Between the Grade of FJ OA and Age, BMI, and the
Quantitative Parameters

Pearson Correlation Coefficient P
Grade of F) OA L3/4
Age 0.230 <0.001
BMI 0.113 0.044
FJ orientation L3/4 —0.354 <0.001
FJ tropism L3/4 0.207 <0.001
SAPA L3/4 0.764 <0.001
FJ area L3/4 —0.406 <0.001
Grade of F) OA L4/5
Age 0.322 <0.001
BMI 0.055 0.332
FJ orientation L4/5 -0.399 <0.001
FJ tropism L4/5 0.179 0.001
SAPA L4/5 0.674 <0.001
FJ area L4/5 —0.524 <0.001
Grade of F) OA L5/SI
Age 0.333 <0.001
BMI 0.066 0.239
FJ orientation L5/SI —0.296 <0.001
FJ tropism L5/S| 0.172 0.002
SAPA L5/SI 0.749 <0.001
FJ area L5/SI —0.620 <0.001

Abbreviations: F] OA, facet joint osteoarthritis; BMI, body mass index; FJ, facet joint; SAPA,
superior articular process cross-sectional area.

significantly correlated with the SAPA and FJ area. However, no significant correlation was noted between the quantitative
parameters and the severity of symptoms (VAS), which may be due to the multifactorial pathology of lumbar stenosis.

FJ orientation is considered an important structural parameter that plays a significant role in the pathology of lumbar
degeneration. Kalichman'® analyzed CT images of 191 patients and confirmed that facet sagittal orientation was associated
with FJ OA. Liu'"® considered that sagittalization of the FJ is a risk factor for lumbar stenosis. However, the relationship
between FJ orientation and lumbar degeneration was not strong in the aforementioned studies. Fujiwara'? stated that the
sagittal orientation of the FJ is a remodeling process secondary to OA. Many subsequent studies support this view.
A biomechanical study showed that a greater coronal orientation of the FJ is associated with a higher contact force.”®
Studies on young populations have demonstrated that coronal orientation of the FJ is a risk factor for disc herniation and
low back pain.>** This evidence indicated that as lumbar degeneration progressed, the FJs were remodeled to a sagittal
orientation to reduce loading. However, further studies are required to identify these pathological changes. In this study, we
found that the mean FJ orientation decreased with the increasing grade of FJ OA, but the correlation between them was not
strong. In addition, the FJ orientation was not significantly associated with LFS. We considered that it was because the FJ
orientation was influenced by a mixture of nature and nurture. Thus, FJ orientation may have a relatively large individual

2368 https: Journal of Pain Research 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al

Figure 4 Examples of factors that may influence the facet joint area. (A) Vertebral displacement can lead to changes in the facet joint area. (B) Despite severe hyperplasia
and sagittalization, the facet joint area increased because of the lengthening of the joint surface.

variety. It is also worth noting that the values of FJ orientation reported in different studies are not consistent,'>'>'® which
also indicates that differences in samples, such as race and age, may have some influence on the measurement results.

FJ tropism reflects the asymmetry of the lumbar vertebrae. However, whether they are associated with lumbar
degeneration remains controversial. Kalichman'® considered that the relationship between FJ tropism and FJ OA was
“false positive” because facet tropism could only indicate that one side had more severe OA than that of the other.
However, in other studies, facet asymmetry was significantly related to lumbar stenosis,'* spondylolisthesis,”® and low
back pain.*® In this study, FJ tropism was not strongly correlated with FJ OA but was a risk factor for LFS. This seems to
be a combination of the abovementioned views. Although FJ tropism is not directly related to the grade of FJ OA, studies
have shown that patients with asymmetric FJ are more vulnerable to shear force than those without.?”*® Thus, more
remarkable FJ tropism may accelerate disc degeneration and lead to lumbar stenosis.?*~°

In recent years, the SAPA has received increasing attention. Although Barry®? concluded that FJ hypertrophy was
a misnomer, many subsequent studies considered the SAPA as an important parameter. An'> and Lim'® demonstrated that
the SAPA was sensitive and specific for diagnosing lumbar central canal stenosis and foraminal stenosis, respectively. FJ
hypertrophy is also associated with lumbar spondylolisthesis.*' Similar results were observed for the cervical spine.** In
this study, we found that the SAPA strongly correlated with FJ OA. It is considered that disc degeneration and an increase
in segmental pressure can lead to osteosclerosis, osteophyte formation, and subchondral cysts, which can increase the
cross-sectional area of the articular processes.> Another study demonstrated that osteophyte formation was an adaptive
change to stabilize the segment by lengthening the articular surface.”> The SAPA is also an accurate parameter for
diagnosing LFS. This can be explained from two perspectives: First, the major cause of LFS is the loss of disc height,
which may increase stress on the FJ and result in a high degree of abrasion.>**> Second, the articular facets act as the
posterior boundaries of the foramen. Hypertrophy and osteophyte formation of the FJ can also lead to a decrease in
foraminal volume.® However, research on the pathology and biomechanics of FJ hypertrophy and osteophyte formation
remains limited. Further studies are needed to identify the causal relationship between increased SAPA and LFS.

The FJ area was proposed to reflect the narrowing of the joint space. Patients with lumbar stenosis have a significantly
lower FJ area than that of healthy controls.!” However, despite the moderate to strong correlations found between the FJ
area and FJ OA in this study, no significant association was found between the FJ area and LFS in the multivariable
analysis. Our explanation is that although joint space narrowing is an important indicator of FJ OA, the FJ area may be
influenced by other factors. On the one hand, the appearance of vertebral instability or displacement can also lead to the
change of FJA. On the other hand, in many cases of severe OA, hypertrophy and osteophyte formation in the articular
process can cause lengthening of the joint surface, so the FJ area does not reduce significantly (Figure 4).

This study was a validation and expansion of previous research, with a larger sample size. We qualitatively and
quantitatively evaluated the FJ based on several aspects. FJ hypertrophy and tropism are associated with LFS. FJ
hypertrophy and joint space narrowing correlated with the severity of FJ OA. Taken together, SAPA seemed to be a good
quantitative parameter to reflect FJ OA and degenerative LFS. We speculated that SAP hypertrophy and osteophyte
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formation could reflect the increase in segmental loading, FJ degenerative change, and nerve root compression. Although
the causal relationship among them has not been identified, these conclusions may be helpful for clinicians to understand
FJ morphology and degeneration.

This study has several limitations. First, this study was retrospective, and we could not determine the causal
relationship between the changes in radiological parameters and FJ OA. Second, the study sample was not community-
based. The control patients were from a group of middle-aged and elderly individuals who underwent physical
examination, which may explain why aging was not associated with LFS in this study. Third, we used the cross-
sectional area to reflect the hypertrophy and narrowing of the FJ. Although this method is very common, there are
measurement errors owing to differences in the cutting angle of the CT. Three-dimensional volume measurements are
required to further confirm our results. Fourth, other structures in the lumbar spine, such as the intervertebral disc and
ligament flavum, were not investigated in this study.

Conclusion

This study confirmed that the SAPA and FJ tropism were associated with LFS. The SAPA and FJ area were significantly
correlated with FJ OA. We believe that this measurement tool will help in the evaluation of patients with LFS.
Longitudinal studies are required to determine the pathological process of FJ degeneration.
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