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Objective: To examine the relationship between facet joint orientation, alignment, degeneration, and degenerative spondylolisthesis 
(DS) at lumbar vertebra L4-5.
Methods: A retrospective study of 114 DS patients and 114 non-DS patients admitted to our hospital from May 2019 to April 2024. 
We compared facet joint angle (FJA), FJA difference, FJA asymmetry, L4 inclination angle (L4IA), Weishaupt classification, 
paraspinal muscle cross-sectional area (CSA), pedicle-facet angle (P-F angle), and P-F angle asymmetry between the two groups. 
We also analyzed FJA and slippage index changes across Weishaupt grades and their correlation using Pearson correlation. The 
predictive value of facet joint direction indices for DS at L4-5 was assessed using ROC curves.
Results: The DS group showed reduced FJA and FJA difference, increased left asymmetry, higher L4IA levels, and a greater 
proportion of grade II and III in Weishaupt classification compared to the non-DS group (P<0.05). FJA decreased while the slippage 
index increased with more degeneration (P<0.05). Weishaupt classification was negatively correlated with FJA (r=−0.823, P<0.001), 
but positively with the slippage index (r=0.756, P<0.001). The P-F angle was significantly higher in the DS group (P<0.05). Cut-off 
values for FJA, L4IA, and P-F angle were 42.57, 9.63, and 122.17, with AUC values of 0.893, 0.766, and 0.858, respectively, 
indicating predictive value for DS at L4-5.
Conclusion: The DS group had smaller FJA, larger L4IA and P-F angle, and more severe facet joint degeneration at L4-5, suggesting 
a strong link between DS at L4-5 and facet joint sagittalization, levelization, and degeneration.
Keywords: sagittalization of facet joint, levelization of facet joint, degeneration degree, degenerative spondylolisthesis at lumbar 
vertebra 4-5

Introduction
Lumbar spondylolisthesis refers to the forward movement or sliding of one vertebral body relative to the next, and is the 
main cause of lower back pain. According to the different causes of onset, it can be divided into degenerative, vertebral 
arch, traumatic, etc. Among them, degenerative spondylolisthesis (DS) is the most common type in clinical practice, with 
the incidence rate of about 6%. In individuals over 50 years old, the ratio of male to female is 1:2~1:6.1,2 The L4-5 
segment is the most common site of DS, with a frequency about 9 times higher than adjacent segments. Patients with DS 
may experience lower back pain, neurogenic claudication, or radicular pain, which has a significant impact on their daily 
lives.3

The facet joints (FJ), as the only synovial joints of the spine, have received initial attention for the association 
between structural abnormalities and degenerative lumbar spondylolisthesis. During the disease, lumbar intervertebral 
space stenosis can lead to an increase in the load on small joints, causing changes in the morphology of the FT and 
articular surfaces. At the same time, it is accompanied by weakened muscle stabilization function, further exacerbating 
lumbar segmental instability and forming a vicious cycle of disease progression.4,5 In recent years, studies have found 
through imaging analysis that there is a correlation between the sagittal orientation of articular processes and lumbar 
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spondylolisthesis, but the conclusion is still controversial. Most previous studies focused on the overall lumbar spine or 
L5/S1 segment, with relatively few specialized studies on anterior spondylolisthesis of the L4-5 segment.6,7 In addition, 
studies have shown8,9 that during the process of FJ degeneration, osteophyte formation may alter the mechanical 
distribution of the joint, leading to local stress concentration. Subchondral sclerosis reflects the degeneration of articular 
cartilage and reduces the joint’s buffering capacity. Narrowing of the joint space can limit the range of joint movement, 
further disrupting the stability of the lumbar spine. These degenerative changes are believed to be related to the 
progression of spondylolisthesis to some extent. However, there is still a lack of systematic exploration on the relation
ship between the degeneration degree of FJ and the progression of spondylolisthesis. It is particularly unclear whether it 
indirectly promotes spondylolisthesis by altering the local biomechanical environment (such as increasing the pre- 
spondylolisthesis torque). In clinical practice, the choice of treatment plan (conservative treatment or surgical interven
tion) for DS at L4-5 is highly dependent on imaging evaluation. However, the existing evaluation system mostly focuses 
on factors such as vertebral arch isthmus and intervertebral disc degeneration, and lacks comprehensive consideration of 
the direction and degeneration degree of FJ.10,11

In this study, the patients with DS at the L4-5 segment were included to explore the correlation between sagittaliza
tion, levelization, and the degenerative degree of FJ with DS at the L4-5 segment, aiming to provide a theoretical 
reference for the diagnosis and treatment of DS at the L4-5 segment.

Materials and Methods
Clinical Materials
Total of 114 cases of DS patients at L4-5 admitted in our hospital during May 2019 to April 2024 were retrospectively 
selected as the research objects as shown in Figure 1. Among them, there were 44 males and 70 females with an 
average age of (60.75 ± 8.10) years and an average body mass index (BMI) of (25.38 ± 2.90) kg/m2, including 59 cases 
of physical labor and 55 cases of non-physical labor occupations. Inclusion criteria: (1) All patients met the diagnostic 
guidelines for DS12 and were diagnosed with L4-5 segment vertebral spondylolisthesis through imaging. (2) The 
patient had been experiencing lower back pain for no less than 2 months. (3) The patient had complete clinical case 
data. (4) The patient had not undergone lumbar spine surgery in the past. Exclusion criteria: (1) Patients with lumbar 
spine deformities caused by congenital or acquired factors such as trauma or osteoporosis; (2) Patients with combined 
lumbar infection or lumbar tumors; (3) Patients with autoimmune diseases, such as infectious diseases or rheumatoid 
arthritis; (4) Patients with combined organic lesions of important organs. Besides, 114 cases of non-DS patients 
admitted to our hospital during the same period were chosen as the non-DS group. Among them, there were 41 males 

Figure 1 Patient Inclusion Process Diagram.
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and 73 females with an average age of (61.46±9.36) years and an average BMI of (26.63±3.71) kg/m2, including 71 
cases of physical labor and 43 cases of non-physical labor occupations. There was no significant difference in general 
data between the two groups (P>0.05).

Facet Joint Angle (FJA), L4 Inclination Angle (L4IA), and Pedicle-Facet Angle 
(P-F Angle)
FJA:13 The 64-slice spiral CT equipment was employed to scan the patient’s lumbar spine, with a scan layer thickness set 
at 1mm. After the scanning was completed, the image data were transmitted to Mimics medical imaging analysis 
software. In the software, the line connecting the two endpoints of FJ and the angle between the sagittal line (the 
perpendicular line passing through the center of the spinal canal and the line connecting the two lateral tangents of the 
vertebral body) were marked on the CT cross section, with the sagittal direction and the cross section parallel to the L4-5 
intervertebral space as the head and tail sides, respectively. To ensure the accuracy of the measurement, the left and right 
FJ were measured by two experienced radiologists separately. If the difference between the two measurement results was 
greater than 5%, it should be re-measured. Finally, the average of the measurements by two radiologists was taken as the 
value for one side, and then the average of the left and right sides was taken as FJA.

L4IA:14 It was measured through lumbar X-ray anteroposterior and lateral radiographs. The patient was in a standard 
standing position, with the lumbar spine maintaining a natural physiological curvature. Image analysis software (the 
measurement tool included in the PACS system) was adopted, and the L4 vertebral endplate on the lateral radiograph was 
measured. A straight line was drawn along the vertebral endplate, and then the angle between the line and the horizontal 
plane was measured using software, which was the L4IA.

P-F angle:15 Image data obtained was scanned using 64-slice spiral CT. In Mimics software, the left and right lateral 
edge pedicle axis of the L4 spinal canal and the L4-5 facet joint gap were taken as the measurement objects. The angles 
between the left and right pedicle axes and the joint space of the facet joint were measured three times for each angle, and 
the average value was taken. Finally, the average values of the left and right sides were averaged again to obtain the 
P-F angle.

The asymmetry of FJA was the absolute value of the difference in FJA between the head and tail sides, which was 
used to measure the degree of difference in the angle of the FJ between the head and tail sides. The larger the value was, 
the more significant the angle changes of the facet joints in the head-tail direction were, which might affect the stability 
of the spinal segments.

The asymmetry of the P-F angle was the absolute value of the difference between the pedicle and FJA on both sides, 
reflecting the asymmetry of the connection angle between the left and right pedicle and FJ. The changes in P-F angle 
indicated an unbalanced state of stress on both sides of the lumbar spine, which was of great significance for evaluating 
the stability of the lumbar spine.

Cross sectional area (CSA) of paraspinal muscles: A 1.5T MRI device with a layer thickness of 3–5mm was adopted, 
and T1 weighted or T2 weighted imaging sequences were cooperated to locate the L4-5 segments. The scanning program 
was started to obtain cross-sectional images of the paraspinal muscles in the L4-5 segments. The paraspinal muscles 
(multifidus, erector spinae) was outlined in the software, and the CSA was calculated by the software automatically.

Slippage index: The patient maintained a standard standing or supine position and used X-ray equipment to take 
lateral images of the lumbar spine, keeping the centerline of the X-ray accurately aligned with the L4-5 segment. The 
PACS system was equipped with measurement tools. The posterior edge of the L5 vertebral body was taken as 
a reference to measure the vertical distance between the posterior lower edge of the L4 vertebral body and the posterior 
edge of the L5 vertebral body in the sagittal plane. This distance was the anterior displacement distance of the superior 
vertebral body (L4). The anterior posterior diameter of the L5 vertebral body was measured, which was the maximum 
distance from the anterior edge to the posterior edge of the L5 vertebral body. The value obtained by dividing the 
measured distance of anterior displacement of the superior vertebral body by the anterior-posterior diameter of the 
inferior vertebral body was the slippage index.
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Degeneration Degree of FJ
According to the Weishaupt grading criteria,16 the degree of joint degeneration in patients was determined by observing 
CT images. The degeneration was divided into grade 0 (small joint space 2–4mm), grade I (small joint space less than 
2mm, or/and small osteophyte or/and mild joint hyperplasia), grade II (small joint space less than 1mm, or/and moderate 
osteophyte or/and moderate joint hyperplasia or/and mild joint surface bone erosion), and grade III (small joint space less 
than 1mm, or/and large osteophyte or/and severe joint hyperplasia or/and moderate to severe joint surface bone erosion 
or/and subchondral cyst). In the judgment process, a senior radiologist made the initial judgment, followed by another 
spinal surgeon for review. If the two judgments were inconsistent, they would jointly discuss and determine the final 
grading.

Outcome Measures
The FJA at L4-5, FJA difference, FJA asymmetry, L4IA, Weishaupt classification, paraspinal muscle CSA, P-F angle, 
and P-F angle asymmetry were compared between the DS group and the non-DS group.

The changes of FJA and slippage index (Lateral displacement distance of upper vertebral body/anterior-posterior 
diameter of lower vertebral body in X-ray examination) in patients with different Weishaupt grades were compared. The 
correlation between Weishaupt grades with FJA and the slippage index was analyzed by Pearson correlation.

ROC was used to analyze the predictive value of sagittal and horizontal indexes of facet joint direction for DS at 
L4-5.

Statistical Analysis
Statistical analysis was conducted using SPSS 24.0. The measurement data that conformed to the normal distribution 
were represented by (x ± s). Independent sample t-test was employed for comparison between two groups, a single-factor 
multiple-sample mean comparison was adopted for comparison among multiple groups, and LSD-t test was further 
performed for pairwise comparison. The enumeration data were represented as [cases (%)], and the comparison between 
groups was conducted using the χ2 test. Rank sum test was used for comparison of grade data. Predict value was valued 
through ROC curve analysis. P<0.05 was considered as statistically significant.

Results
Comparison of FJA, FJA Difference and Asymmetry Between Two Groups of Patients 
in the L4-5 Segments
Compared with the non-DS group, DS group had reduced FJA and FJA difference in L4-5 segment and increased left 
asymmetry (P<0.05, Table 1). The axial CT images of typical cases showed that the articular surfaces of the L4-5 facet 
processed in the spondylolisthesis group were closer to the sagittal position, while those in the non-spondylolisthesis 
group were more inclined to the coronal position, which was consistent with the quantitative measurement results 
(Figure 2).

Table 1 Comparison of FJA, FJA Difference and Asymmetry Between Two Groups of Patients in the L4-5 Segments (x ± s)

Groups Cases FJA(°) FJA Difference in Head and Tail Sides (°) Left Asymmetry (°)

Tail side Head side

DS group 114 32.61±3.79 34.69±2.70 2.08±1.09 7.79±2.16
Non-DS group 114 48.36±2.60 51.14±3.58 2.78±0.98 4.53±1.44

t 36.588 39.170 2.099 13.408

P <0.001 <0.001 <0.001 <0.001
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Comparison of Other Parameters Between Two Groups of Patients
Compared with the non-DS group, DS group had increased level of L4IA, and largely increased proportion of gradeIIand 
III of Weishaupt classification (P<0.05). There was no significant difference in the CSA of the paraspinal muscles 
(multifidus and erector spinae) between the two groups (P>0.05, Table 2).

Analysis of FJA and Slippage Index in Patients with Different Degrees of Degeneration
FJA gradually decreased and the slippage index gradually increased with increased degeneration degree (P<0.05). Compared 
with grade I patients, grade II patients showed a significant reduction in the levels of FJA on the tail and head sides, and 
a significant increase in the slippage index (P<0.05). Compared with grade II patients, grade III patients showed a significant 
reduction in the levels of FJA on the tail and head sides, and a significant increase in the slippage index (P<0.05, Table 3). 

Figure 2 Axial CT image of the facet joints of the L4-5 segment.

Table 2 Comparison of Other Parameters Between Two Groups of Patients [Cases (%), (x ± s)]

Groups DS Group (n=114) Non-DS Group (n=114) t/χ2 P

L4IA (°) 12.46±3.85 6.40±2.42 14.229 <0.001
Weishaupt classification 24.228 <0.001

Grade 0 0(0.00) 2(1.75)

Grade I 13(11.40) 43(37.72)
Grade II 80(70.18) 53(46.49)

Grade III 21(18.42) 16(14.04)

CSA of paraspinal muscles (cm2)
Multifidus muscle 7.85±1.93 8.00±2.04 0.570 0.569

Erector spinae 13.73±4.21 14.05±3.39 0.632 0.528
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Radiological comparison showed that the slip index of normal FJA (coronal predominant) patients was significantly lower than 
that of sagittal FJA patients, and the more severe the degree of degeneration, the more obvious the sagittal trend (Figure 3).

Correlation Analysis
Pearson correlation analysis showed that Weishaupt classification was negatively correlated with FJA (r=−0.823, 
P<0.001) and positively correlated with slippage index (r=0.756, P<0.001, Table 4).

Analysis of P-F Angle, and P-F Angle Asymmetry in Two Groups of Patients
Compared with the non-DS group, the P-F angle in the DS group was significantly increased (P<0.05). There was no 
significant difference in left-right asymmetry between the two groups (P>0.05, Table 5 and Figure 4). The axial MRI 

Table 3 Analysis of FJA and Slippage Index in Patients with Different 
Degrees of Degeneration (x ± s)

Groups Cases FJA(°) Slippage Index

Tail Side Head Side

GradeI 13 41.84±2.08 42.52±1.63 0.11±0.02
GradeII 80 35.35±1.62 a 37.69±1.74 a 0.18±0.03 a

Grade III 21 30.12±1.76 ab 32.46±1.81 ab 0.21±0.05 ab

F 192.88 141.52 36.11
P <0.001 <0.001 <0.001

Notes: aP<0.05 compared to Grade I; bP<0.05 compared with grade II.

Figure 3 Radiological comparison of the normal Angle and sagittal Angle of FJA in the L4-5 segment.
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image of the pedicle-facet joint showed that the connection Angle between the pedicle and the facet joint in the 
spondylolisthesis group was significantly greater than that in the non-spondylolisthesis group, further verifying the 
morphological difference (Figure 5).

ROC Curve Analysis About the Predictive Value of FJA, L4IA and P-F Angle for DS at 
L4-5
ROC curve confirmed that the cut-off values of FJA, L4IA and P-F angle were 42.57, 9.63 and 122.17 respectively, and 
the AUC values were 0.893, 0.766 and 0.858, respectively, which had certain predictive value for DS at L4-5 (Table 6 
and Figure 6).

Table 4 Correlation Analysis

Indicators Weishaupt Classification

r P

FJA −0.823 <0.001

Slippage index 0.756 <0.001

Table 5 Analysis of P-F Angle, and P-F Angle Asymmetry in Two 
Groups of Patients (x ± s)

Groups Cases P-F Angle (°) Left-Right Asymmetry (°)

DS group 114 136.85±4.14 1.03±0.31

Non-DS group 114 102.64±4.57 1.10±0.36
t 59.234 1.573

P <0.001 0.117

Figure 4 Analysis of P-F angle and P-F angle asymmetry in Two Groups of Patients. (A) Comparison of P-F angle between two groups; (B) Comparison of left-right 
asymmetry between two groups. 
Notes: Compared with the non-DS group, * * * P<0.05.
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Discussion
DS is a degenerative disease of the spine that is more common in people over 50 years old. DS begins with intervertebral 
disc degeneration, which can alter spinal biomechanics and increase the load on facet joints, leading to segmental lesions. 
Over time, DS may develop into symptomatic lumbar spinal stenosis or progressive malformation.17 The FJ, as key 
structures in the spine that maintain stability, are closely related to the occurrence and development of DS. The results of 
this study showed that the FJA and FJA difference between the L4-5 segments was smaller, L4IA and P-F angle was 
greater, and the degree of FJ degeneration was more severe in the DS group. Besides, as the degree of degeneration 
increased, FJA decreased and the slippage index increased. In addition, FJA, L4IA, and P-F angle had certain predictive 
value for DS, indicating that the sagittal transformation of the FJ surface was closely related to the degree of 
degeneration in patients with DS. These findings provided an important theoretical basis for the diagnosis and treatment 
of DS, which helped clinical doctors better understand the disease mechanism and provided a reference for developing 
more effective treatment plans.

In addition to age, gender, and obesity, changes in the local structure and morphology of the lumbar spine may play 
an important role in the complex etiology of DS.18,19 The FJs are key factors in maintaining spinal stability, and the 
lumbar FJs and intervertebral discs form the spinal triad complex. When the lumbar spine is subjected to a shear force 
generated by gravity, it tends to slide forward. The FJs of the lumbar spine are crucial for maintaining the stability of the 

Figure 5 Axial MRI image of the pedicle - facet joint of the L4-5 segment.

Table 6 ROC Curve Analysis About the Predictive Value of FJA, L4IA and P-F Angle for DS at L4-5

Indicators AUC Sensitivity Specificity Correct Index Cut-Off Value P Value 95% CI

FJA 0.893 81.58 82.46 0.640 122.17° <0.05 0.853–0.933
L4IA 0.766 89.47 57.90 0.474 9.63° <0.05 0.703–0.830

P-F angle 0.858 88.86 73.68 0.623 42.57° <0.05 0.808–0.907

https://doi.org/10.2147/IJGM.S537228                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2025:18 5402

Tao et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



posterior column of the spine and can resist forward shear stress.20,21 The articular surfaces of the facet joints in the non- 
spondylolisthesis group were mostly arranged in a coronal position (the joint space was closer to the anteroposterior 
direction), while in the spondylolisthesis group, they significantly tended towards the sagittal position (the joint space 
was closer to the anteroposterior direction). This directional difference has clear biomechanical significance: The coronal 
articular surface forms a mechanical barrier through the “interlocking mechanism”, effectively restricting the sagittal 
displacement between the vertebral bodies. Sagittal formation causes the articular surface to be parallel to the sagittal 
plane, significantly reducing the ability to block forward slip.22,23 Imaging and measurement data jointly confirm that the 
sagittal direction reduces the effective contact area between the articular surface and the intervertebral disc, weakens the 
resistance to forward shear force, and makes the lumbar segments more prone to forward slip.24 Under normal 
circumstances, the upper lumbar spine joints tend to be sagittal, allowing the lumbar spine to have better flexion and 
extension functions. A study suggests that the orientation of the FJ may be closely related to the development and 
lateralization of intervertebral disc herniation.25 FJ is a functional joint that plays an important role in maintaining the 
stability of spinal movement. When subjected to excessive loads, the FJ may undergo degenerative changes, affecting the 
stability of the lumbar spine.26 Previous studies have reported using FJA 60.19 ° as the boundary, with values below 
60.19 ° considered as sagittal direction, otherwise as coronal level.27 In this study, the changes in FJA of patients with DS 
were analyzed, and it was found that the FJA of the DS group was significantly lower than that of the non-DS group. 
Besides, as the degree of degeneration increased, FJA gradually decreased, and the slippage index gradually increased. 
This result indicated that the FJA of patients in the DS group tended to be sagittal, while the FJA of patients in the non- 
DS group tended to be coronal. This might be because the contact surface between the FJA sagittal direction and the 
intervertebral disc becomes smaller, weakening the forward force of impedance, making the lumbar segment more prone 
to displacement when shear force increases, thereby increasing the risk of lumbar spondylolisthesis.28 Under normal 
circumstances, the coronal direction of the FJ can limit the sagittal displacement between vertebral bodies through the 
“locking effect”. Sagittarization leads to the joint surface being more parallel to the sagittal plane, reducing the 
mechanical resistance to forward slip.29 In addition, during the degeneration process, joint cartilage wear, joint capsule 
relaxation, and decreased ligament elasticity (such as the yellow ligament and joint capsule ligament) further exacerbate 
joint instability. Degenerated FJ cannot effectively distribute the axial load of intervertebral discs, resulting in stress 
concentration in the vertebral endplate and pedicle regions, which may accelerate endplate degeneration and pedicle 

Figure 6 ROC curve analysis about the predictive value of FJA, L4IA and P-F angle for DS at L4-5.
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morphology changes.30 The increase in the proportion of Weishaupt grades II and III indicated that the degree of joint 
degeneration in patients with spondylolisthesis was more severe. Degeneration not only manifests as narrowing of joint 
spaces and formation of osteophyte, but may also be accompanied by synovitis and decreased joint fluid, thereby 
reducing joint buffering capacity. These structural degeneration and biomechanical imbalances work together to form 
a vicious cycle, ultimately leading to anterior vertebral slippage.31 In addition, this study found that the L4IA of patients 
in the DS group was significantly higher than that of the non-DS group. L4IA may be related to the force acting on the 
L4 lumbar spine. When L4IA increases, the anterior inclination of the lumbar spine increases, the forward shear force 
decreases, and the vertebral body gradually slides forward, significantly increasing the risk of L4 vertebral body slippage. 
Forward leaning of the vertebral body increases the angle of lumbar lordosis, shifting the center of gravity forward and 
further increasing the shear force of L4 vertebral body forward sliding.32

P-F angle is the angle between the midpoint line of the anterior and posterior edges of the vertebral body and the joint 
gap of the facet joint. The increase in P-F angle may reflect adaptive changes in pedicle morphology. During the process 
of degeneration, the pedicle may undergo remodeling due to long-term abnormal stress, such as a decrease in bone 
density or a change in the orientation of bone trabeculae, increasing the connection angle between the pedicle and the FJ. 
This morphological change may weaken the anchoring effect of the pedicle on the facet joints and reduce the stability 
between the vertebral bodies.33 Research has found that P-F angle may play an important role in maintaining lumbar 
stability P-F angle.34 According to reports, DS patients have significantly increased P-F angle, and logistic analysis 
shows that P-F angle is a risk factor for the occurrence of DS,35 which is similar to the result of our present study. It may 
be because as the P-F angle increases, the FJ surface tends to level. The reduction in the volume of the FJ leads to 
a decrease in resistance to pre-shear forces, resulting in a significant decrease in the stability of the lumbar spine. This 
study confirmed through a large-sample case-control analysis that patients with degenerative anterior spondylolisthesis of 
lumbar vertebrae 4–5 have significant morphological abnormalities and aggravated degeneration of the facet joints, 
specifically manifested as reduced FJA (sagittal) in the L4-5 segment and increased pedicle-FJA (horizontal). Guo et al 
conducted a specialized analysis of the L4-L5 segments and found that a reduction in FJA is an independent risk factor 
for degenerative slippage, and the shear force risk significantly increases when FJA is less than 60°.27 The case-control 
study by Kong et al also confirmed that the increase in the pedicle-FJA is closely related to the biomechanical imbalance 
of the lumbar vertebrae segments, which is highly consistent with the result in this study that the Angle in the 
spondylolisthesis group (136.85±4.14°) was significantly greater than that in the non-spondylolisthesis group (102.64 
±4.57°).36 However, this study systematically focused on the L4-5 segment with a high incidence of degenerative 
slippage for the first time, excluded the interference of adjacent segments in multi-segment studies, and clarified the 
specific association pattern of “sagittal-horizontal-degeneration” for this segment. The morphological indicators (FJA, 
vertebral arch-FJA) and degeneration grading (Weishaupt) were analyzed collaboratively, confirming the vicious cycle 
mechanism of “morphological abnormalities accelerating degeneration and degeneration aggravating morphological 
abnormalities”, while previous studies mostly analyzed morphology or a single dimension of degeneration alone.37–39 

The findings of this study not only verified the core conclusions of previous research, but also achieved supplementation 
and expansion in terms of segmental specificity, mechanism depth, and clinical practicality.

In addition, ROC curve analysis in this study found that the AUC of FJA, L4IA, and P-F angle were 0.893, 0.766, and 
0.858, respectively. It was believed that FJA, L4IA, and P-F angle had certain predictive value for DS at the L4-5 
vertebrae. The normal lumbar FJs are arranged in a coronal position, forming a “locking mechanism” that can effectively 
resist sagittal displacement between vertebral bodies. When FJA<42.57 °, the articular surface tends towards the sagittal 
plane, resulting in a decrease in its obstruction area in the horizontal plane and a significant reduction in the resistance to 
anterior vertebral slip.40 Meanwhile, the wear of articular cartilage, relaxation of joint capsule, and reduction of synovial 
fluid during the degeneration process further exacerbate joint instability. In addition, the increase in FJA asymmetry may 
lead to stress concentration in unilateral joints, causing local subchondral bone sclerosis or cystic degeneration, further 
disrupting the symmetry stability of the motion segment. L4IA enlargement (>9.63 °) reflects a tendency towards forward 
vertebral body tilt, which is closely related to spinal pelvic sagittal balance compensation.41 When the lumbar lordosis 
increases, the forward shift of the center of gravity puts greater forward shear force on the L4 vertebral body. An increase 
in the P-F angle (>122.17 °) indicates adaptive remodeling of the pedicle morphology. Long-term abnormal stress can 
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lead to changes in the orientation of pedicle bone trabeculae, decreased bone density, and weakened ability to anchor 
articular processes.42 The ROC curve analysis showed that FJA had the highest predictive performance (AUC=0.829), as 
it directly reflected the mechanical properties of the articular process. The AUC of L4IA and P-F angle were relatively 
low (0.683 and 0.733), which might be related to their susceptibility to multiple factors such as individual pelvic 
parameter differences and muscle compensation.

The clinical value of this study is mainly reflected in three aspects: ① Segmental specific focus: For the first time, it 
systematically confirmed the independent association between sagittal facet joint (reduced FJA) and horizontal facet joint 
(increased pedicle-facet joint Angle) of the L4-5 segment and anterior spondylolidosis, making up for the deficiency of 
insufficient attention paid to this high-incidence segment in previous multi-segment studies. Compared with the 
association between lumbar intervertebral disc protrusion and muscle morphology that Guvercin et al43 focused on, 
this study reveals the core role of bony structural changes in the facet joints in DS, providing a new perspective for the 
study of the “structural-function” association. ② Clinical evaluation optimization Clarifying the predictive thresholds of 
FJA (Cut-off value 42.57°), L4IA (9.63°), and pedicle-FJA (122.17°) can be incorporated into the preoperative imaging 
evaluation system to help clinicians more accurately determine the risk of spondylolisch (such as taking stable 
intervention in advance for patients with FJA<42.57°). ③ Deepening mechanism explanation: It has been confirmed 
that the synergy between facet joint degeneration (Weishaupt classification) and morphological changes, that is, 
degeneration reduces joint stability by intensifying sagittal/horizontal degeneration, while morphological abnormalities 
accelerate degeneration. The revelation of this vicious cycle provides a theoretical basis for targeted intervention (such as 
facet joint arthroplasty).

In general, the DS group had smaller FJA and FJA difference, larger L4IA and P-F angle at L4-5 segment, and a more 
serious degree of FJ degeneration. At the same time, FJA, L4IA and P-F angle had certain predictive value for DS at L4- 
5, indicating that DS at L4-5 was closely related to the sagittalization, levelization and degeneration degree of facet joint. 
However, this study still had certain limitations. This study was a single-center retrospective study with a small sample 
size. Only the relationship between the direction of the articular process and the degree of degeneration was analyzed, 
and the possible influence of age on the sagittal orientation of the articular process was not analyzed. Further research 
could be conducted to verify our present conclusion in the future.
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