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 Radiological analysis of sagittal and 
cross-sectional morphology of 
congenital lumbar spinal stenosis 
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Abstract                         

Background  Purpose  This retrospective study was applied to investigate the morphology 

characteristics of the spine and pelvis in patients with congenital spinal stenosis, to explore the effect of 

morphological parameters in the pathogenesis and development of the disease. 

Methods The analysis is based on data of a case-control study, including 40 patients (19 females/21 males) 

with congenital lumbar spinal stenosis, 40 patients (17females/23males) with age-、Sex- and the waist and leg pain 

score-matched acquired lumbar spinal stenosis and 40 age-、Sex-matched normal volunteers(controls). Lumbar 

MRI, lumbar computerized tomography（CT）and full-length radiographs were used to obtain sagittal and 

cross-sectional parameters. Parameters including pelvic incidence（PI）, sacral slope (SS), pelvic tilt (PT), lumbar 

lordosis (LL), sagittal vertical axis（SVA）, and thoracic kyphosis（TK）on the sagittal plane were measured on 

full-length radiographs and analyzed. The anteroposterior (AP) bone canal diameter and spinal canal area of L4 

were collected and analyzed on Lumbar CT. Lumbar MRI was taken to evaluate the angle of the ligamentum 

flavum at the level of L4/5 intervertebral space，and the Lumbar disc degeneration degree was calculated. 

 

Results   Total scores for lumbar disc degeneration and the angle of the ligamentum flavum were 

significantly lower in the congenital group than in the acquired group（P= 0.02 and P= 0.012，respectively ； P

＜0.05）. The differences of LL, PT, SVA  and TK values were statistically significant ， while the differences of 

SS and PI were not significant among the acquired, congenital, and control groups. TK values were significantly 

lower in the congenital group than in the acquired and control groups（P=0.024 and P=0.006，respectively； P＜

0.05）. Patients in the congenital and acquired groups had significantly lower LL values than patients in the control 

group (p = 0.000 and 0.041, respectively； P＜0.05). The mean value of LL was 30.31°±13.42° in the congenital 

group, while 41.10°±12.51° in the acquired group. And the difference of LL between these two groups was 

statistically significant（p=0.000＜0.05）. The SVA values of the congenital group, acquired group, and control 

group increased respectively(all P＜0.05). The PT in the congenital group showed significantly lower values than 



the acquired group  (p = 0.041＜0.05). There is no statistically significant difference in other parameters.The 

correlations between LL and PI are well in the congenital group（r=0.336；P=0.034）, acquired group（r=0.464；

P=0.003） and control group（r=0.584；P=0.000）. However, the trend line of LL/PI in the acquired group was 

drawn below the control population. Also, the trend line of LL/PI in the congenital group was below the waist and 

leg pain score-matched acquired group with lower lumbar degeneration. 

Conclusion   In addition to bony structural stenosis, the smaller angle of the ligamentum flavum may be 

an anatomical factor that causes the smaller effective area of the spinal canal in patients with congenital lumbar 

spinal stenosis. Patients with congenital lumbar spinal stenosis show a significant reduction in the physiological 

curvature of the thoracic and lumbar spine, and the trunk leans forward. In addition to intervertebral disc 

degeneration and pain factors, bony spinal stenosis is also a possible factor leading to smaller LL in patients with 

congenital lumbar spinal stenosis. LL less than 41° can be used as the initial screening standard for congenital 

lumbar spinal stenosis among patients with lumbar spinal stenosis. 

Keywords   Congenital  lumbar spinal stenosis ； Spine and pelvis parameters；Sagittal plane； 

cross-sectional morphological 

 

Background   

Lumbar spinal stenosis is one of the most common diseases which needs surgical intervention in the elderly, 

and is also one of the most likely causes of low back pain in patients aged over 501. Based on its etiology， Arnoldi 

et al. have classified LSS as congenital (developmental), acquired (degenerative) (75%), or a combination of 

both2.The most specific symptom of lumbar spinal stenosis, whether it is congenital lumbar spinal stenosis or 

acquired lumbar spinal stenosis, was first illustrated by Verbiest in 1954 ， which is neurogenic claudication 

including soreness, numbness, weakness, and heaviness of the lower limbs after walking a long distance3,4. Even 

though the clinical symptoms of the two are similar, they have different pathogenesis and treatment methods. If the 

segment of congenital lumbar spinal stenosis is not decompressed during the operation, it will lead to a higher risk 

of reoperation. So patients with congenital lumbar spinal stenosis may need to preventively decompress the 

stenotic segment. Therefore, it is very necessary to identify congenital lumbar spinal stenosis from acquired 

lumbar spinal stenosis4-6. Some scholars claimed that acquired lumbar spinal stenosis was caused by IVD 

degeneration, trauma, medical sources, etc. While developmental spinal stenosis is more likely a genetic 

disturbance due to impaired lumbar vertebrae development in fetal and postnatal7. Patients with congenital lumbar 

spinal stenosis generally have a low threshold for neural compression due to a pre-existing narrowed spinal canal8. 

Compared to patients with acquired lumbar spinal stenosis， congenital lumbar spinal stenosis occurs earlier in age 

with similar clinical findings but with multilevel involvement and fewer degenerative changes. In this group of 

people,  minor degeneration can cause severe clinical symptoms. The sagittal balance of the human body is 

coordinated and maintained by the spine and pelvis. The ideal spine and pelvis alignment allows individuals to 

maintain a standing posture with minimal energy consumption9-12. In the past, clinicians only focused on the 

physiological curvature and disease characteristics of the spine. In recent years, the clinical significance of the 

spine and pelvis has been deeply studied. Duval-Beaupere et al first reported that PI (pelvic incidence) represents 



the normal sagittal pelvic morphology in 199213. Many scholars have found that spinal sagittal pelvic shape not 

only plays an important role in maintaining the body sagittal balance but is also involved in the pathogenesis of 

isthmic spondylolisthesis and other diseases. Xi Yang et al studied that lower PI may promote the occurrence of 

lumbar degenerative diseases. After disc degenerative change, the acquired structural and compensatory factors 

would bring about a more vertical spine. At present, there are few studies on the different types of patients with 

congenital lumbar spinal stenosis' sagittal spine-pelvic morphology. This study compares the sagittal spine-pelvic 

parameters of developmental lumbar spinal stenosis, acquired lumbar spinal stenosis, and normal controls, and 

further explores the sagittal spine-pelvic morphological characteristics of patients with developmental lumbar 

spinal stenosis. 

 

Materials and methods 
1.1 Healthy subjects and patients 

This retrospective study selects patients with lumbar spinal stenosis who were diagnosed by two senior spine 

surgeons, hospitalized for surgical treatment in our department, and had complete imaging data during January 

2017 and October 2020.  Axial CT images of the patients have been examined and the patients have been grouped 

as congenital and acquired lumbar spinal stenosis. Patients with an anteroposterior (AP) bone canal diameter less 

than 12 mm had been considered as DLSS14,15. The diagnosis of all patients was confirmed by medical history, 

physical examination, and imaging examination. Patients who have previously received lumbar spine surgery or 

combined with lumbar spondylolisthesis, trauma, tumor, and bilateral femoral head disease were excluded in this 

study. In the end, 40 patients with congenital lumbar spinal and 40 age-,Sex- and low back pain score-matched 

patients with acquired lumbar spinal stenosis were included in this study. At the same time, 40 normal people 

matching the age and sex ratio of the lumbar spinal stenosis group were recruited as the control group. Every 

subject was conscious of that the data might be used to study and publish. All of them over 18 years old signed an 

informed consent form upon admission, and this study was approved by the institutional ethics committee of our 

hospital. 

1.2  Visual Analogue Scale (VAS) 

The pain is represented by 11 numbers from 0 to 10, 0 means no pain, and 10 means the most pain. The 

higher the score, the stronger the pain. It was recommended to use the following cut-off points on painful VAS:  

≤2, 3-5, 6-8, 8-10，Representing no pain, mild pain, moderate pain, and severe pain. According to the individual's 

pain experience, the subjects pointed out the degree of pain that suits them on the ruler at the time of admission. 

1.3 Radiological assessment  

All subjects’ full-length radiographs were taken in the neutral position at admission and were measured the 

following indicators. Two independent measurements of the above sagittal spine-pelvic parameters were conducted 

by the same researcher, and the mean of parameters was calculated. 

1.3.1 Spine parameters(Fig1 A)：All the spine parameters are masured as described below
16,17

. （1）The LL

（lumbar lordosis） was defined as the Cobb angle between the upper endplate of the L1 and S1.（2）The 



TK(thoracic kyphosis): The angle between the tangent to the upper endplate of the T5 cone and the tangent to the 

lower endplate of the T12 cone.（3）SVA(sagittal vertical axis): The horizontal distance between the vertical line of 

C7 and the upper back edge of the sacrum. If the vertical line of C7 just passes through the upper posterior corner 

of the sacrum, it is extremely 0, indicating that the sagittal plane of the spine is in a balanced state; if the vertical 

line of C7 is located behind the upper posterior corner of the sacrum, it is recorded as a negative value, indicating 

that the sagittal plane of the spine is in a state of balance. A Negative balance means that the trunk is tilted 

backward; if the C7 vertical line is in front of the upper posterior corner of the sacrum, it is recorded as a positive 

value, which means that the sagittal plane of the spine is in positive balance and the trunk is tilted backward. 

1.3.2 Pelvic parameters（Fig1 B）： All the pelvic parameters are masured as described below
9,19

. （1）The PI

（pelvic incidence）was defined as the angle between the vertical line of S1 upper endplate and the line connecting 

the midpoint of the sacral plate to the midpoint of the bilateral femoral head center. After adulthood, PI is a 

constant parameter, which can fully reflect the compensatory ability of pelvic posterior rotation, that is, PI has a 

limiting effect on the ability of pelvic supination18.（2）The SS（sacral slope） was defined as the angle between 

the tangent to the upper endplate of the sacrum and the horizontal line.（3）The PT was defined as the angle 

between the plumb line and the line connecting the midpoint of the sacral plate to the midpoint of the bilateral 

femoral head center.  PT is positive when the midpoint of the upper endplate of S1 is behind the axis of the 

femoral head, and negative when it is anterior.SS and PT are parameters that describe the spatial position of the 

pelvis. 

1.3.3 Cross-section parameters（Fig2）： All the parameters are masured as described below.（1）The angle of 

the ligamentum flavum（LF） of midline level of L4/5 intervertebral space：Made a cut line at the outer edge of the 

dura mater on both sides, and the angle between the two lines was measured.（2）According to the pfirrmann 

classification, score the total degree of L1-5 intervertebral disc degeneration of patients in the congenital and 

acquired groups: 1 grade means 1 point; 2 means 2 points, and so on. The total degree of degeneration is the 

addition of the degeneration scores of lumbar intervertebral discs at all levels.（2）According to the pfirrmann 

classification, score the total degree of L1-5 intervertebral disc degeneration of patients in the congenital and 

acquired groups: 1 grade means 1 point; 2 means 2 points, and so on. The total degree of degeneration is the 

summation of the degeneration scores of lumbar intervertebral discs at all levels. 

1.4 Statistical Analysis 

Two measurements of the above sagittal spine-pelvic parameters of the enrolled population were carried out 

by the same researcher under double-blind conditions, and the final value is expressed as the mean value of the 

two measurements. Statistical analysis was performed using the SPSS 20.0  statistical software.  Tests for 

parameters were performed to decide on the appropriate statistical method. Log transformations were considered 

for data sets that exhibited skewed distribution. Supposing that log transformations failed to establish normal 

distribution, nonparametric tests were considered. If log transformations can establish a normal distribution, then 

the independent sample t-test is used to analyze various data. P<0.05 indicates that the difference is statistically 

significant.  ROC curves are drawn for LL. Classification data were performed by χ² test. When comparing 

multiple sets of data, one-way ANOVA for parametric data was used to compare the variables. Bonferroni post hoc 

test was utilized for subgroup comparison after the ANOVA test. Bivariate correlation and linear regression models 

were established to find the factors that may affect LL. 



 

Results 

2.1 Patients with congenital lumbar spinal stenosis have a more upright spine and a 

more forward lean in the sagittal plane.（Fig3） 

Comparing the general indices between these three groups, no significant differences in age, gender were 

found. It showed that patients were matched in age, the gender ratio in these three groups. Also,  there was no 

significant difference in the VAS scores of lower limb pain and low back pain between the development group and 

the acquired group total scores for lumbar disc degeneration and the angle of the ligamentum flavum were 

significantly lower in the congenital group than in the acquired group（P=0.020 and P=0.012，respectively）. 

Through CT measurement of the lumbar spine, we can find that the Spinal canal area and anteroposterior (AP) 

bone canal diameter of L4 in the congenital group are smaller than the acquired group, and the difference is 

statistically significant.（P=0.000 ，all）(Table 1) 

The values of LL, PT, SVA, and TK were significantly different, while the SS and PI were not among the 

acquired, congenital, and control groups. (Table 2) A post hoc test (Table 3) showed that TK was significantly 

lower in the congenital group than in the acquired and control groups（P=0.024 and P=0.006 respectively＜0.05）. 

Both the congenital and acquired groups had significantly lower LL than the control group (p = 0.000 and 0.041, 

respectively＜0.05). Also, LL was significantly lower in the congenital group than in the acquired groups（p=0.000

＜0.05）. While, the SVA of the congenital group, the acquired group, and the control group increased gradually, 

and the difference between every two groups showed statistically significant.（congenital-normal P=0.000＜0.05；

congenital-acquired P=0.045＜0.05；acquired-normal P=0.002＜0.05）.In terms of PT, the congenital group 

showed significantly lower values than the acquired group  (p = 0.041). There is no statistically significant 

difference in other parameters.Regarding the relationship between PI and Other sagittal parameters, the correlation 

between LL and PI is all well in the congenital group（r=0.336；P=0.034）, acquired group（r=0.464；P=0.003）, 

and control group（r=0.584；P=0.000）. However, the trend line of LL/PI in the acquired group was drawn below 

the control population. Factors such as the degeneration of the lumbar intervertebral disc, Low back pain, and back 

muscle spasm may explain this phenomenon. The trend line of LL/PI in the congenital group was also significantly 

below the Waist and leg pain score-matched acquired group with more serious the degeneration of the lumbar 

intervertebral disc（Fig4）. The results suggested that in addition to the degeneration of the lumbar intervertebral 

disc, low PI values and low back pain, and back muscle spasm, other factors may lead to such lower LL in the 

congenital group. 

 

2.2  Bony spinal stenosis leads to lower LL in patients with lumbar spinal stenosis. 

We speculated that bony spinal canal size such as spinal canal area and anteroposterior (AP) bone canal 

diameter may be a factor affecting the LL of patients with lumbar spinal stenosis (congenital lumbar spinal stenosis 

and acquired lumbar spinal stenosis). Therefore we conducted bivariate correlation and linear regression models to 

clarify the relationships between LL of the 80 patients with lumbar spinal stenosis and spinal canal area, as well as 

the relationships between LL of patients with lumbar spinal stenosis and anteroposterior(AP) bone canal diameter. 

The result of multiple linear regression showed that the LL of patients with lumbar was influenced by bony spinal 



canal sizes such as spinal canal area (β=-0.084,  95%CI：-0.166,-0.002,  P=0.044)and anteroposterior(AP) bone 

canal diameter (β=4.269， 95%CI：2.305,6.234  ,  P=0.000).   

2.3 LL less than 41° can be used as the initial screening standard for congenital lumbar 

spinal stenosis 

Because the LL of patients with congenital lumbar spinal stenosis was smaller than that of acquired lumbar 

spinal stenosis, and the difference was statistically significant (P＜0.05). Therefore, we drew the ROC curve for 

LL and determined the optimal critical value of 41° according to the maximum Youden index. The area of the ROC 

curve line is 0.735. (Fig5) Youden index is 0.55. According to this standard, parallel diagnostic experiments were 

performed. When the LL is less than 41° on the whole spine radiograph, the sensitivity is 90% and the specificity 

is 65%. LL less than 41° can be used as the initial screening standard for congenital lumbar spinal stenosis among 

patients with lumbar spinal stenosis. 

 

Discussion 

Congenital lumbar spinal stenosis was first reported by Verbiest H in 1954. Clinical manifestations include 

low back pain and neurogenic claudication of lower limbs, radiculopathy, and motor weakness3. However, its 

pathogenesis is still not very clear. A genome-wide association study on the etiology of dlss showed that there are 

several single-nucleotide polymorphisms (SNP) are involved, which are ZNF704, LRP5, and DCC genes. The 

study also suggested that different genes are involved in L1-4 and L5-S1 in DLSS. Many previous studies 

conducted cross-sectional imaging studies on patients with congenital lumbar spinal stenosis and found that 

compared with acquired lumbar spinal stenosis, their pedicles were shorter, the lamina angle was smaller, and the 

AP value was smaller19. Due to the preexisting bone stenosis of the spinal canal, patients with congenital lumbar 

spinal stenosis have a lower threshold of nerve compression, which means that severe neurological symptoms can 

occur with much lower lumbar disc degeneration. Our study found that the angle of the ligamentum flavum in 

patients with congenital lumbar spinal stenosis is smaller than that in patients with acquired lumbar spinal stenosis. 

This suggests that the ligament angle may be another factor leading to the small effective spinal canal area in 

patients with congenital lumbar spinal stenosis. 

The view that the sagittal shape of the spine and pelvis plays a crucial role in the occurrence and development 

of various lumbar degenerative diseases has been confirmed in recent studies. Junseok Bae et al showed a 

significant correlation between the location of disc herniation and spino-pelvic alignment. Compared to the LLD 

(lower lumbar disc hernation) and control groups, the ULD (upper lumbar disc hernation) group had significantly 

lower PI and LL20.The study indicates PI may play an indispensable role in the pathogenesis of degenerative 

lumbar intervertebral disc disease. Another study revealed acquired structure and compensatory factors decrease 

lumbar lordosis after intervertebral disc degeneration21. It is claimed that a higher PI and a smaller sacral table 

angle are crucial factors leading to lumbar spondylolysis in Chinese Han adults by Yin et al. 

There are also studies showing that lumbar isthmic spondylolisthesis is complicated by lower PI22,23.All these 

studies showed that sagittal parameters were involved in the pathogenesis of lumbar degenerative diseases.PI was 

first proposed by Legaye et al. It can objectively reflect the anatomical positional relationship between the upper 

endplate of S1 and the femoral head, and reach a stable state in adulthood without being affected by subjective 

symptoms and changes in body position
9
.Previous studies have shown that the shape of the spine in low PI and low 



SS tends to be more linear, which leads to an increase in the vertical stress of the lumbar intervertebral disc, which 

is likely to cause early disc degeneration and herniation. Therefore, low PI may be a factor leading to lumbar disc 

herniation. At the same time, PI is the main risk factor for adolescent lumbar spondylolisthesis in Chinese Han 

adolescents. High PI means high risk
10,23

.In this study, the PI value of the congenital group was 48.40°±9.07°, 

the PI of the normal control group was 49.08°±11.76°, and the PI of the acquired group was 45.08°±9.17°. 

There was no significant difference between the three groups (P=0.168>0.05). It shows that the anatomical 

positional relationship between the upper endplate of S1 and the femoral head of patients with lumbar spinal 

stenosis is similar to that of normal people. 

Many authors have been revealed that the sagittal profile was characterized by lower LL and TK,  lower SS, 

and greater SVA（ a straight spine, vertical sacrum and an anterior displaced C7 plumb line )for patients with 

lumbar disc herniation.21,24-27The results of this study showed that the average TK( 23.65°±10.82° VS 31.61°

±10.81° P=0.006；23.65°±10.82° and 28.10°±11.76° P=0.024) and LL(30.31°±13.42° VS 47.60°

±8.14° P=0.000；30.31°±13.42° and 41.10°±12.51° P=0.000) of the congenital group were significantly 

lower than those of the normal control group and acquired group, and  sagittal trunk forward tilt of the congenital 

group was more obvious than that of the normal group (SVA 61.91mm±55.59mm VS 7.60mm±24.99mm P=0.000) 

and acquired group(SVA 61.91mm±55.59mm VS 39.28mm±36.57mm P=0.045). These abnormal changes in 

sagittal spine plane morphology are basically consistent with the results of the previously reported sagittal spine 

plane study of patients with lumbar disc herniation, indicating that patients with congenital lumbar spinal stenosis 

have a sagittal spine morphology similar to those with lumbar disc herniation
27,28

.This sagittal plane change is a 

combined effect of degeneration and pain compensation. The first is the degeneration of the lumbar intervertebral 

disc and the decrease in the height of the intervertebral disc leads to a decrease in LL. The onset of congenital 

lumbar spinal stenosis is the combined effect of lumbar disc degeneration and bony spinal stenosis. Under the 

condition that the bony area of the spinal canal is constant, the patient can further reduce the LL to expand the 

length of the spinal canal to achieve a larger effective volume of the spinal canal, so as to relieve neurological 

symptoms such as low back pain
21,25

.In addition, PI is also an innate anatomical factor that affects LL. A lower PI 

means a lower LL. The decrease in LL is followed by an increase in SVA, which means that the body leans 

forward. The result is an unstable center of gravity and a sagging field of vision. For this reason, the body will 

reduce TK and increase the cervical lordosis angle and bend the hips and knees to maintain a level of vision and a 

stable center of gravity. 

But there is no statistically significant difference in the mean of SS  among the congenital group 、 the 

normal control group and the acquired group.（SS  30.11°±9.56° VS 32.47°±7.48°VS 30.30±6.68  

p=0.345＞0.05）. PT of the congenital group is similar to the normal control group（PT 19.48°±8.11° VS  

16.41°±9.07° P=0.288＞0.05）.This indicates that SS and PT reduction is not important in the sagittal 

compensation mechanism in patients with congenital lumbar spinal stenosis. We also found that the LL of the 

acquired group was smaller than that of the normal control group ( 41.10°±12.51° VS 47.60°±8.14° 

P=0.041), but the SVA of the acquired group was higher than that of the normal control 

group( 39.28mm±36.57mm VS 7.60mm±24.99mm P=0.002 ).Other spinal and pelvic parameters were not 

statistically significant. This shows that in most cases of acquired lumbar spinal stenosis, the backward rotation of 

the pelvis and TK reduction（Thoracic spine straightened） are not enough to compensate for the loss of LL. 



Compared with age-, Sex- and low back pain score-matched acquired group with more severe lumbar disc 

degeneration, the changing trend of LL over PI in the congenital group was decreasing. This indicates that in 

addition to lower PI and low back and leg pain, other factors may play an important role in reducing the LL value. 

From bivariate correlation and linear regression models to clarify the relationships between LL of the 80 patients 

with lumbar spinal stenosis and spinal canal area and the relationships between LL of  the patients with lumbar 

spinal stenosis and anteroposterior(AP) bone canal diameter, we found that bony spinal stenosis was an 

influencing factor leading smaller LL in patients with congenital lumbar spinal stenosis. The mechanism may be 

that the narrower the spinal canal, the stronger the pain sensitivity, and the more eager to relieve pain or that 

patients with congenital lumbar spinal stenosis have a Physiological smaller LL. If the patient with congenital 

lumbar spinal stenosis has a physiological small LL, this means that the factor of bony spinal stenosis needs to be 

taken into account when the lumbar spine is pre-curved. In other words, patients with congenital lumbar spinal 

stenosis may have a smaller lumbar pre-curved angle than patients with acquired lumbar spinal stenosis in the case 

of similar spine-pelvis sagittal plane parameters. 

 

Conclusion 

In addition to bony structural stenosis, the small included angle of the ligamentum flavum may be an 

anatomical factor that causes the small effective area of the spinal canal in patients with congenital lumbar spinal 

stenosis. Compared with patients with acquired lumbar spinal stenosis and normal people, patients with congenital 

lumbar spinal stenosis show a significant reduction in the physiological curvature of the thoracic and lumbar spine, 

and the trunk leans forward. In addition to intervertebral disc degeneration and pain factors, the degree of spinal 

stenosis is also an important factor leading to smaller LL in patients with congenital lumbar spinal stenosis. The 

reason may be that the narrower the spinal canal, the stronger the pain sensitivity, and the more eager to relieve 

pain. But it may also be because patients with congenital lumbar spinal stenosis have a smaller LL before the onset. 

This needs to be further confirmed by relevant prospective studies. In addition, we define a cut-off value based on 

the characteristics that patients with congenital lumbar spinal stenosis are generally smaller than those with 

acquired lumbar spinal stenosis. A LL which is less than 41° can be used as the initial screening standard for 

congenital lumbar spinal stenosis among patients with lumbar spinal stenosis. 

 

Availability of data and materials 

The data analysed during the current study are available from the corresponding author on reasonable request. 

Abbreviations 

PI: Pelvic incidence 

SS: Sacral slope 

LL: Lumber lordosis 

PT: Pelvic tilt 

SVA: Sagittal vertical axis 



TK: Thoracic kyphosis 

CG: The congenital lumbar stenosis group 

AG: The acquired lumbar stenosis group 

NG: The normal people group 

LF: The ligamentum flavum 

AP:Anteroposterior 

CT:Computed Tomography 

MRI:Magnetic Resonance Imaging 

IVD:Intervertebral disc 

DLSS:Degenerative lumbar spinal stenosis 

ROC:Receiver operating characteristic 

VAS：Visual Analogue Scale 
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Figure legends 

Figure1 

Ilustration of the conventional radiological parameters of the spine-pelvis on the 

sagittal plane.The pelvis parameters include pelvic incidence(PI), pelvic tilt(PT), and 

sacral slope(SS) from picture A . The spine parameters include lumbar 

lordosis(LL),thoracic kyphosis(TK) and sagittal vertical axis(SVA) from picture B .  

 

Figure2  

Illustration of the way to measure the angle of the ligamentum flavum（LF） of 
midline level of L4/5 intervertebral space. 



 

Figure3 

Comparison of sagittal plane morphology of the CG, AG, NG groups. Arranged from 
left to right are the whole spine X-rays of patients with congenital lumbar spinal 
stenosis, acquired lumbar spinal stenosis and normal people. Compared with acquired 
lumbar spinal stenosis patients group and normal people group, the spine of patients 
with congenital lumbar spinal stenosis is more vertical and the trunk is more forward. 

 

Figure4 

Correlation between PI and LL of normal group（NG，red label）, acquired group（AG，
blue label）and congenital group （CG，green label）.The red line, blue line, and green 
line increase sequentially, which means that the LL/PI trend line of the control group, 
acquired group, and control group gradually rises. 

 

Figure5 

ROC curve of the LL for preliminary screening of patients with congenital lumbar 
spinal stenosis. The area under the curve (AUC) is :0.735. ROC: receiver operating 
characteristic. 

 

 

Table captions 

Table 1： Normal information in the CG, AG, and NG. 

 

Table 2 Comparisons of spinopelvic parameters in the CG, AG, and NG. 

 

Table 3 Parameters comparison results of the Bonferroni post hoc test between 
CG,AG and NG. 

 



Figures

Figure 1

Ilustration of the conventional radiological parameters of the spine-pelvis on the sagittal plane.The pelvis
parameters include pelvic incidence(PI), pelvic tilt(PT), and sacral slope(SS) from picture A . The spine
parameters include lumbar lordosis(LL),thoracic kyphosis(TK) and sagittal vertical axis(SVA) from picture
B .

Figure 2

Illustration of the way to measure the angle of the ligamentum �avumLF of midline level of L4/5
intervertebral space.



Figure 3

Comparison of sagittal plane morphology of the CG, AG, NG groups. Arranged from left to right are the
whole spine X-rays of patients with congenital lumbar spinal stenosis, acquired lumbar spinal stenosis
and normal people. Compared with acquired lumbar spinal stenosis patients group and normal people
group, the spine of patients with congenital lumbar spinal stenosis is more vertical and the trunk is more
forward.



Figure 4

Correlation between PI and LL of normal groupNGred label, acquired groupAGblue labeland
congenital group CGgreen label.The red line, blue line, and green line increase sequentially, which
means that the LL/PI trend line of the control group, acquired group, and control group gradually rises.



Figure 5

ROC curve of the LL for preliminary screening of patients with congenital lumbar spinal stenosis. The
area under the curve (AUC) is :0.735. ROC: receiver operating characteristic.


