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Association Between Vertebral Endplate Surface Morphology 
and Lumbar Disc Degeneration on MRI 

Lumbar disc degeneration is a major contributor to low back pain and is commonly assessed using 
the Pfirrmann Classification. There is a need for more objective, clinically applicable imaging 
features associated with disc degeneration. Vertebral endplate morphology, particularly the 
symmetry between superior and inferior endplates, may provide valuable insights into the 
pathogenesis of disc degeneration. This study aimed to investigate the relationship between 
lumbar disc degeneration and vertebral endplate surface morphology and to evaluate the 
association between vertebral endplate asymmetry and lumbar disc degeneration. 

In this retrospective study, 157 patients with low back pain and 100 individuals in a non-
degenerated control group underwent lumbar MRI evaluation. Disc degeneration was graded using 
the Pfirrmann Classification. Endplate morphology was categorized as concave, flat, or irregular, 
and segments were further classified as symmetric or asymmetric. Comparative analyses were 
performed between groups. 

Endplate morphological characteristics differed significantly between the patient and non-
degenerated control groups across all lumbar segments (p<0.001). Asymmetric endplates were 
significantly more frequent in patients with disc degeneration. Loss of concavity and irregular 
endplate morphology were associated with higher grades of disc degeneration. These findings 
demonstrate a significant association between endplate asymmetry and lumbar disc degeneration. 

Vertebral endplate morphology is significantly associated with lumbar disc degeneration on MRI. 
Assessment of endplate morphology may provide a simple, clinically applicable morphologic 
feature associated with disc degeneration and complement existing MRI-based grading systems. 
Endplate morphological alterations may also be detectable in symptomatic individuals without 
advanced Pfirrmann degeneration. 

Key Words: Intervertebral disc degeneration, Pfirrmann classification, vertebral endplate morphology, endplate 
asymmetry, magnetic resonance imaging 

MRI'de Vertebral Endplate Yüzey Morfolojisi ile Lomber Disk Dejenerasyonu 
Arasındaki İlişki 

Lomber disk dejenerasyonu, bel ağrısının başlıca nedenlerinden biridir ve yaygın olarak Pfirrmann 
sınıflamasıyla değerlendirilmektedir. Disk dejenerasyonu ile ilişkili daha objektif ve klinik 
uygulamada kullanılabilir görüntüleme özelliklerine ihtiyaç vardır. Vertebral endplate morfolojisi, 
özellikle üst ve alt endplateler arasındaki simetri, disk dejenerasyonunun patogenezi hakkında 
değerli bilgiler sağlayabilir. Bu çalışmanın amacı, lomber disk dejenerasyonu ile vertebral endplate 
yüzey morfolojisi arasındaki ilişkiyi araştırmak ve vertebral endplate asimetrisi ile lomber disk 
dejenerasyonu arasındaki ilişkiyi değerlendirmektir. 

Bu retrospektif çalışmada, bel ağrısı bulunan 157 hasta ile dejenerasyon saptanmayan 100 kişiden 
oluşan kontrol grubu lomber MRG ile değerlendirildi. Disk dejenerasyonu Pfirrmann sınıflamasına 
göre derecelendirildi. Endplate morfolojisi konkav, düz veya düzensiz olarak sınıflandırıldı; 
segmentler ayrıca simetrik veya asimetrik olarak değerlendirildi. Gruplar arasında karşılaştırmalı 
analizler yapıldı. 

Endplate morfolojik özellikleri, tüm lomber segmentlerde hasta grubu ile dejenerasyon bulunmayan 
kontrol grubu arasında anlamlı farklılık göstermiştir (p<0.001). Asimetrik endplateler, disk 
dejenerasyonu bulunan hastalarda anlamlı olarak daha sık görülmüştür. Konkavite kaybı ve 
düzensiz endplate morfolojisi, daha yüksek derecede disk dejenerasyonu ile ilişkili bulunmuştur. Bu 
bulgular, endplate asimetrisi ile lomber disk dejenerasyonu arasında anlamlı bir ilişki olduğunu 
göstermektedir. 

Vertebral endplate morfolojisi, MRG'de lomber disk dejenerasyonu ile anlamlı olarak ilişkilidir. 
Endplate morfolojisinin değerlendirilmesi, disk dejenerasyonu ile ilişkili basit ve klinik uygulamada 
kullanılabilir bir morfolojik özellik sağlayabilir ve mevcut MRG tabanlı derecelendirme sistemlerini 
tamamlayabilir. Endplate morfolojik değişiklikleri, ileri Pfirrmann dejenerasyonu bulunmayan 
semptomatik bireylerde de saptanabilir; bu durum, lomber disk dejenerasyonu ile ilişkili erken 
yapısal değişikliklerin belirlenmesinde potansiyel bir rolü olabileceğini düşündürmektedir.  

Anahtar Kelimeler: İntervertebral disk dejenerasyonu, Pfirrmann sınıflaması, vertebral endplate morfolojisi, 
endplate asimetrisi, manyetik rezonans görüntüleme 
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Introduction 

Low back pain is a common symptom encountered 
across all age groups, with a higher incidence among 
the elderly. With rising life expectancy, the incidence of 
low back pain also increases each year. As a result of 
this situation, disability, economic burden, and labor loss 
are experienced (1). The most important cause of low 
back pain is degeneration of the lumbar discs, and the 
severity of these degenerative changes also determines 
the severity of symptoms and the treatment approach. 
The Pfirrmann Classification is a commonly used 
method of grading the severity of intervertebral disc 
degeneration (2). In this method, the severity of 
degeneration is determined based on various magnetic 
resonance imaging (MRI) characteristics on a 5-grade 
scale (3). This classification takes into account disc 
height and decreased signal intensity on MRI (3). 
Several well-defined risk factors have been identified for 
the development of disc degeneration. Among these, 
vertebral endplate pathologies are thought to facilitate 
lumbar disc degeneration (4). 

Many studies have examined the relationship 
between disc degeneration and Modic changes, defects, 
and shape differences in the vertebral endplate (5, 6); 
however, most of these perform evaluations based on a 
single endplate (7-9). In general, concavity has been 
evaluated in various ways, and decreased concavity has 
been reported to be associated with disc degeneration. 
There are also cadaver or animal studies on this topic 
that report similar results, but they are often affected by 
the same limitations (7-10). Studies evaluating the 
superior and inferior vertebral endplates together have 
been reported previously (11, 12). One previous MRI-
based study specifically investigated endplate 
asymmetry as a potential risk factor for lumbar disc 
degeneration (13). However, that study primarily focused 
on lumbar disc herniation and asymmetry at selected 
lumbar levels, whereas the present study evaluates 
endplate morphology and symmetry patterns 
comprehensively across all lumbar segments in relation 
to the Pfirrmann Classification. Therefore, rather than 
introducing endplate asymmetry as a completely new 
concept, the present study aims to extend existing 
evidence by providing a comprehensive segment-level 
evaluation of vertebral endplate morphology and 

symmetry patterns across the entire lumbar spine and 
across different stages of disc degeneration.  

The Pfirrmann Classification is an important 
method to determine the level of disc degeneration. 
However, this classification may be influenced by 
subjectivity in interpretation; therefore, it is important to 
seek a more consistent, inexpensive, repeatable, and 
simple method that provides relatively objective results. 
For this purpose, the shape characteristics of the 
endplates may be associated with the pathogenesis and 
severity of disc degeneration and may contribute to the 
development of more reproducible imaging 
assessments. The aim of this study was to evaluate the 
relationships between disc degeneration and 
superior/inferior endplate shape differences in lumbar 
segments. 

Materials and Methods  

Research and Publication Ethics: The study 
protocol was approved by the Istanbul Medipol 
University Ethics Committee (date: 30/09/2019, no: 
10840098-604.01.01-E.53525). The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki. Patient data were retrospectively 
reviewed and analyzed anonymously. 

In this study, 157 patients aged 18 to 60 years who 
underwent lumbar vertebra MRI with a 1.5 T (Tesla) 
Phillips Interra MRI system for low back pain between 
January 2016 and August 2019 were evaluated 
retrospectively. The exclusion criteria included a history 
of spinal surgery, scoliosis, lumbar fractures, 
tuberculosis, tumors, and infections. The MRI images 
were evaluated by a radiologist experienced in spine 
MRI. In all cases, T1W, T2W sagittal, T2W axial 
sequences with a slice thickness of 4 mm and interslice 
distance 0.8 mm were obtained. Images were reviewed 
using the digital measurement tools available in the 
PACS system. One hundred individuals without 
radiological evidence of lumbar disc degeneration in the 
same age group who underwent lumbar MRI were 
included in the study as a control group (Pfirrmann 
grades <3).  

Disc degeneration was classified using the 
Pfirrmann Classification (Table 1).  

Table 1. Pfirrmann grading of lumbar disc degeneration (3) 

Grade Structure 
Distinction of 
Nucleus and 

Annulus 
Signal Intensity 

Height of Intervertebral 
Disc 

1 Homogeneous, bright white Clear 
Hyperintense, isointense to 

cerebrospinal fluid 
Normal 

2 
Inhomogeneous with or without 

horizontal bands 
Clear 

Hyperintense, isointense to 
cerebrospinal fluid 

Normal 

3 Inhomogeneous, gray Unclear Intermediate 
Normal to slightly 

decreased 

4 Inhomogeneous, gray to black Lost Intermediate to hypointense 
Normal to moderately 

decreased 

5 Inhomogeneous, black Lost Hypointense Collapsed disc space 
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Figure 1. Classification of vertebral endplate morphology and symmetry on mid-sagittal T2-weighted MRI. (A) Endplate 
morphology classified as concave, flat, or irregular; the dashed yellow line represents the reference line connecting the 
anterior and posterior endplate margins. (B) Symmetry classification: segments with identical superior and inferior 
endplate morphology were classified as symmetric, and those with different morphology as asymmetric. MRI: magnetic 
resonance imaging. 

Participants were categorized into three groups 
according to clinical status and Pfirrmann Classification: 

1. Group AI (Symptomatic non-degenerated 
group): patients with low back pain and 
Pfirrmann grades 1–2 discs  

2. Group AII (Degenerated disc group): patients 
with Pfirrmann grades 3–5 discs  

3. Group B (Non-degenerated control group): 
individuals with Pfirrmann grades <3 used as 
the comparison group 

This grouping strategy was designed to distinguish 
symptomatic patients without advanced radiological 
degeneration from patients with established 
degeneration and from the comparison group. 

Vertebral endplate surfaces were classified into 
three categories: concave, flat, and irregular (13-15). In 
the mid-sagittal T2WI view, a line was drawn connecting 
the ends of the endplates. Endplates were grouped as 
“flat” if the edge of the endplate could be overlapped with 
this line or if there was a slight depression (maximum 1 
mm). Cases in which the maximum depth exceeded 1 
mm were grouped as “concave”. The term “irregular” 
was used if the edge of the endplate exhibited significant 
defects or if a protrusion that crossed the connecting line 
was present. Six groups were formed according to the 

superior and inferior endplate surface shape in each 
segment: “concave–concave,” “concave–flat,” “concave–
irregular,” “flat–flat,” “flat–irregular,” and “irregular–
irregular”. Finally, two groups were identified based on 
these evaluations: “symmetric group” if the shapes of the 
superior and inferior endplates in the same segment 
showed the same characteristic, and “asymmetric group” 
if they differed. 

Representative examples of concave, flat, and irregular 
endplates, as well as symmetric and asymmetric 
endplate configurations, are provided in Figure 1. The 
figure also illustrates the reference line drawn between 
the anterior and posterior endplate margins that was 
used for morphological classification on mid-sagittal T2-
weighted MRI images. 

Although both the symptomatic non-degenerated 
group and the control group consisted of discs with 
Pfirrmann grades 1–2, the groups differed in clinical 
status. The symptomatic non-degenerated group 
included symptomatic individuals presenting with low 
back pain, whereas the comparison group consisted of 
individuals without radiological evidence of lumbar disc 
degeneration who were used as the reference 
population. This distinction was introduced to investigate 
whether endplate morphology and symmetry patterns 
may differ in symptomatic patients even when advanced 
radiological degeneration is not yet present. 
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Statistical Analysis: The SPSS 22.0 software for 
Windows was used for statistical analysis. Categorical 
variables were presented as numbers and percentages, 
and numerical variables were presented as mean and 
standard deviation. Comparisons of numerical variables 
between two independent groups were performed using 
the Mann–Whitney U test because the numerical 
variables did not meet parametric assumptions. 

For categorical variables, Pearson’s chi-square test 
was initially used, and expected cell counts were 
examined for each comparison. When the assumptions 
of the chi-square test were not met due to low expected 
cell counts, exact methods were used. Monte Carlo 
exact tests were used for global comparisons in 
contingency tables larger than 2×2, whereas Fisher’s 

exact test was used for 2×2 pairwise comparisons. 

Subgroup analyses were performed using pairwise 
comparisons, and a Bonferroni correction was applied 
based on the number of pairwise comparisons. For 
comparisons among the three study groups, raw p-
values were multiplied by three, and values exceeding 
1.000 were reported as 1.000. The p-values presented 
for subgroup comparisons in the tables are Bonferroni-
adjusted p-values. 

Because multiple lumbar disc levels were 
evaluated in each participant, segment-level 
observations may not be fully independent. Therefore, 
segment-based analyses were interpreted with caution, 
considering the potential effect of within-patient 
correlation. Statistical approaches that account for 
clustered observations, such as mixed-effects models or 
generalized estimating equations, were considered as 
alternatives; however, the present analyses were 

conducted as level-specific categorical comparisons. 

Effect sizes were also reported in addition to p-
values. Cramer’s V was used as an effect-size measure 
for categorical comparisons, and odds ratios with 95% 

confidence intervals were reported for 2×2 comparisons 
when applicable. Statistical significance was accepted 
as p<0.05. 

Results 

There was no statistically significant difference 
between Group A (symptomatic non-degenerated group 
and degenerated disc group) and Group B (non-
degenerated control group) in terms of mean age or sex 
distribution. The mean age was 37.9±6.3 years in Group 
A and 36.9±6.6 years in Group B (p=0.135, effect size 
r=0.093). The female-to-male distribution was also 
comparable between the two groups (p=0.814, Cramer’s 
V=0.015) (Table 2). 

Table 2. Age and gender distribution in Group A (Patient 
group) and Group B (Non-degenerated control group) 

Variable Group A Group B p 
Effect 
size 

Age, years, mean 
(SD) 

37.9 (6.3) 36.9 (6.6) 0.135ᵃ r=0.093 

Gender, n (%)   0.814ᵇ V=0.015 

Female 
73 

(46.5%) 
48 

(48.0%) 
  

Male 
84 

(53.5%) 
52 

(52.0%) 
  

Group A: Patient group, n=157. 
Group B: Non-degenerated control group, n=100. 
Percentages are column (within-group) percentages. 
ᵃ Mann–Whitney U test; effect size is reported as r. 
ᵇ Pearson’s chi-square test; effect size is reported as Cramer’s 
V. 
For gender comparison, no expected cell count was below 5; 
therefore, Pearson’s chi-square test was appropriate. Odds 
ratio for Group A versus Group B was 0.941, 95% CI: 0.570–
1.556. 

Table 3. Distribution of Pfirrmann grade categories in Group A (Patient Group) and Group B (non-degenerated control 
group) 

Segment Group I n (%) II n (%) p Cramer’s V RR (95% CI) 

L1–2 Group A 109 (69.4%) 48 (30.6%) <0.001ᵃ 0.382 0.694 (0.626–0.770) 

 Group B 100 (100.0%) 0 (0.0%)    

L2–3 Group A 97 (61.8%) 60 (38.2%) <0.001ᵃ 0.440 0.618 (0.546–0.699) 

 Group B 100 (100.0%) 0 (0.0%)    

L3–4 Group A 69 (43.9%) 88 (56.1%) <0.001ᵃ 0.576 0.439 (0.368–0.524) 

 Group B 100 (100.0%) 0 (0.0%)    

L4–5 Group A 29 (18.5%) 128 (81.5%) <0.001ᵃ 0.795 0.185 (0.133–0.257) 

 Group B 100 (100.0%) 0 (0.0%)    

L5–S1 Group A 29 (18.5%) 128 (81.5%) <0.001ᵃ 0.795 0.185 (0.133–0.257) 

 Group B 100 (100.0%) 0 (0.0%)    

Group A: Patient group (n=157) 
Group B: Non-degenerated control group (n=100) 
Column I represents Pfirrmann grades 1–2, and column II represents Pfirrmann grades 3–5. 
Values are presented as n (%). Percentages are row percentages. 
ᵃ Fisher’s exact test, two-sided. 
RR: Risk ratio for Pfirrmann grade I in Group A compared with Group B. 
Cramer’s V was used as the effect size measure for categorical comparisons. 
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Table 4. Distribution of endplate morphology patterns across study groups 

Segment Group 
Concave-

concave n (%) 
Flat-flat  

n (%) 
Irregular-

irregular n (%) 
Concave-flat 

n (%) 
Concave-

irregular n (%) 

Flat-
irregular  

n (%) 
pᵃ 

Cramer’s 
V 

Bonferroni-
adjusted pairwise 

pᵇ 

L1–2 Group AI 58 (53.2%) 27 (24.8%) 18 (16.5%) 2 (1.8%) 3 (2.8%) 1 (0.9%) <0.001 0.344 
AI vs AII: <0.001; 
AI vs B: 0.981; AII 

vs B: <0.001 

 Group AII 11 (22.9%) 3 (6.3%) 23 (47.9%) 1 (2.1%) 5 (10.4%) 5 (10.4%)    

 Group B 63 (63.0%) 21 (21.0%) 15 (15.0%) 0 (0.0%) 0 (0.0%) 1 (1.0%)    

L2–3 Group AI 63 (64.9%) 16 (16.5%) 8 (8.2%) 3 (3.1%) 4 (4.1%) 3 (3.1%) <0.001 0.329 
AI vs AII: <0.001; 
AI vs B: 0.213; AII 

vs B: <0.001 

 Group AII 19 (31.7%) 4 (6.7%) 24 (40.0%) 1 (1.7%) 7 (11.7%) 5 (8.3%)    

 Group B 68 (68.0%) 17 (17.0%) 14 (14.0%) 0 (0.0%) 1 (1.0%) 0 (0.0%)    

L3–4 Group AI 45 (65.2%) 11 (15.9%) 7 (10.1%) 1 (1.4%) 2 (2.9%) 3 (4.3%) <0.001 0.329 
AI vs AII: <0.001; 
AI vs B: 0.411; AII 

vs B: <0.001 

 Group AII 36 (40.9%) 5 (5.7%) 25 (28.4%) 1 (1.1%) 15 (17.0%) 6 (6.8%)    

 Group B 78 (78.0%) 12 (12.0%) 9 (9.0%) 0 (0.0%) 0 (0.0%) 1 (1.0%)    

L4–5 Group AI 19 (65.5%) 5 (17.2%) 4 (13.8%) 0 (0.0%) 0 (0.0%) 1 (3.4%) <0.001 0.407 
AI vs AII: 0.003; AI 
vs B: 0.504; AII vs 

B: <0.001 

 Group AII 41 (32.0%) 7 (5.5%) 39 (30.5%) 9 (7.0%) 23 (18.0%) 9 (7.0%)    

 Group B 77 (77.0%) 16 (16.0%) 7 (7.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)    

L5–S1 Group AI 18 (62.1%) 9 (31.0%) 0 (0.0%) 1 (3.4%) 0 (0.0%) 1 (3.4%) <0.001 0.508 
AI vs AII: <0.001; 
AI vs B: 0.219; AII 

vs B: <0.001 

 Group AII 26 (20.3%) 4 (3.1%) 34 (26.6%) 23 (18.0%) 20 (15.6%) 21 (16.4%)    

 Group B 75 (75.0%) 17 (17.0%) 6 (6.0%) 2 (2.0%) 0 (0.0%) 0 (0.0%)    

Group AI: Pfirrmann Classification 1 and 2 in Patients 
Group AII: Pfirrmann Classification 3-5 in Patients 
Group B: Non-degenerated control group 
Values are presented as n (%). Percentages are row percentages. 
ᵃMonte Carlo exact test was used for overall comparisons. 
ᵇPairwise comparisons were performed using Monte Carlo exact tests, and p-values were adjusted using Bonferroni correction. 
Cramer’s V was calculated as the effect size for the overall comparison. 

 

The distribution of Pfirrmann Classification grades 
differed significantly between Group A and Group B 
across all lumbar segments. In Group B, all segments 
were classified as Pfirrmann grade I, whereas the 
proportion of Pfirrmann grade II segments increased 
progressively in Group A from the upper to lower lumbar 
levels. The difference was statistically significant for all 
segments (p<0.001). The magnitude of association 
increased from L1–2 to L4–5/L5–S1, with Cramer’s V 
values ranging from 0.382 to 0.795 (Table 3). 

Endplate morphology patterns differed significantly 
among Group AI, Group AII, and Group B across all 
lumbar segments (p<0.001 for all). Cramer’s V values 
indicated a moderate association between study group 
and endplate morphology pattern, ranging from 0.329 to 
0.508. In general, concave–concave morphology was 

more frequently observed in Group B, whereas irregular 
and asymmetric morphology combinations were more 
frequent in Group AII. Pairwise comparisons showed 
that Group AII differed significantly from Group B at all 
lumbar segments (p<0.001 for all). Group AI and Group 
B did not differ significantly in any segment, whereas 
Group AI and Group AII showed significant differences 
at all lumbar segments (Table 4). 

When endplate patterns were classified as 
symmetric or asymmetric, significant differences were 
observed among Group AI, Group AII, and Group B 
across all lumbar segments (p<0.001 for all). The overall 
effect size ranged from small-to-moderate to moderate, 
with Cramer’s V values of 0.309 at L1–2, 0.273 at L2–3, 
0.327 at L3–4, 0.424 at L4–5, and 0.533 at L5–S1. 
Asymmetric endplate patterns were generally more 
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frequent in Group AII than in Group AI and Group B. At 
L1–2, asymmetry was observed in 5.5% of Group AI, 
22.9% of Group AII, and 1.0% of Group B. At L2–3, the 
corresponding rates were 10.3%, 21.7%, and 1.0%, 
respectively. At L3–4, asymmetry was present in 8.7% of 
Group AI, 25.0% of Group AII, and 1.0% of Group B. At 
L4–5, asymmetry was observed in 3.4% of Group AI, 
32.0% of Group AII, and 0.0% of Group B. At L5–S1, the 
highest asymmetry rate was observed in Group AII, with 
asymmetry present in 50.0% of cases, compared with 
6.9% in Group AI and 2.0% in Group B (Table 5). 

Pairwise comparisons further demonstrated that Group 
AII had significantly higher asymmetry than Group B at 
all lumbar levels. The difference between Group AI and 
Group AII was significant at L1–2, L3–4, L4–5, and L5–
S1, but not at L2–3. The difference between Group AI 
and Group B was significant at L2–3 but not at L1–2, 
L3–4, L4–5, or L5–S1. Odds ratios or risk ratios with 
95% confidence intervals supported these findings and 
demonstrated that the magnitude of association was 
most prominent at L4–5 and L5–S1, particularly in 
comparisons involving Group AII (Table 5). 

Table 5. Frequency of symmetric and asymmetric endplate patterns across study groups 

Segment Group Symmetry n (%) Asymmetry n (%) 
Overall 

p 
Cramer’s 

V 
Pairwise 

comparison 
Pairwise 

p 
OR/RR (95% CI) 

L1–2 Group AI (n=109) 103 (94.5%) 6 (5.5%) <0.001 0.309 AI vs AII 0.012 OR: 5.104 (1.762–14.779) 

 Group AII (n=48) 37 (77.1%) 11 (22.9%)   AI vs B 0.363 OR: 0.173 (0.021–1.466) 

 Group B (n=100) 99 (99.0%) 1 (1.0%)   AII vs B <0.001 OR: 0.034 (0.004–0.272) 

L2–3 Group AI (n=97) 87 (89.7%) 10 (10.3%) <0.001 0.273 AI vs AII 0.192 OR: 2.406 (0.981–5.904) 

 Group AII (n=60) 47 (78.3%) 13 (21.7%)   AI vs B 0.015 OR: 0.088 (0.011–0.700) 

 Group B (n=100) 99 (99.0%) 1 (1.0%)   AII vs B <0.001 OR: 0.037 (0.005–0.287) 

L3–4 Group AI (n=69) 63 (91.3%) 6 (8.7%) <0.001 0.327 AI vs AII 0.033 OR: 3.500 (1.332–9.200) 

 Group AII (n=88) 66 (75.0%) 22 (25.0%)   AI vs B 0.057 OR: 0.106 (0.012–0.902) 

 Group B (n=100) 99 (99.0%) 1 (1.0%)   AII vs B <0.001 OR: 0.030 (0.004–0.230) 

L4–5 Group AI (n=29) 28 (96.6%) 1 (3.4%) <0.001 0.424 AI vs AII 0.006 OR: 13.195 (1.735–100.362) 

 Group AII (n=128) 87 (68.0%) 41 (32.0%)   AI vs B 0.675 RR: 0.966 (0.901–1.034) 

 Group B (n=100) 100 (100.0%) 0 (0.0%)   AII vs B <0.001 RR: 0.680 (0.603–0.766) 

L5–S1 Group AI (n=29) 27 (93.1%) 2 (6.9%) <0.001 0.533 AI vs AII <0.001 OR: 13.500 (3.081–59.158) 

 Group AII (n=128) 64 (50.0%) 64 (50.0%)   AI vs B 0.654 OR: 0.276 (0.037–2.047) 

 Group B (n=100) 98 (98.0%) 2 (2.0%)   AII vs B <0.001 OR: 0.020 (0.005–0.086) 

Values are presented as n (%). Percentages are row percentages. Overall p-values were obtained using chi-square or exact/Monte 
Carlo exact tests, as appropriate. Cramer’s V was used as the effect-size measure for overall comparisons. Pairwise comparisons 
were performed using Fisher’s exact test, with Bonferroni correction. ORs with 95% CIs were reported for pairwise 2×2 comparisons 
when estimable. In comparisons with zero cells, RR with 95% CI was reported instead. OR/RR values were calculated for the 
presence of symmetric endplate patterns, with the first-named group in each pairwise comparison compared against the second-
named group as the reference category. Therefore, OR/RR values below 1 indicate a lower frequency of symmetry, and 
correspondingly a higher frequency of asymmetry, in the first-named group. 

Group AI: symptomatic patients with Pfirrmann grades 1–2; Group AII: symptomatic patients with Pfirrmann grades 3–5; Group B: non-
degenerated control group. 

 

Discussion 

There are many facilitating factors for disc 
degeneration, but the least studied variables are 
structural features. In this study, the relationship 
between endplate morphological differences and disc 
degeneration was investigated. In all segments, 
superior/inferior endplate morphology differed 
significantly among Group AI, Group AII, and Group B. 
When these characteristics were utilized to divide 

patients into two groups (symmetrical/asymmetrical), 
significant differences were observed across all lumbar 
segments. In general, Group AII showed a higher 
frequency of asymmetric endplate patterns than Group 
AI and Group B, particularly in the lower lumbar 
segments. At L3–4, Group AII also demonstrated a 
higher frequency of asymmetric endplate patterns than 
Group B, supporting the association between advanced 
disc degeneration and endplate asymmetry at this level. 
These findings suggest that altered endplate morphology 
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and endplate asymmetry are associated with more 
advanced lumbar disc degeneration. 

The comparison between Group AI and Group B 
(non-degenerated comparison group) was performed 
because symptom status and structural degeneration do 
not always coincide. Although both groups had 
Pfirrmann grade 1–2 discs, symptomatic individuals may 
harbor early morphologic or biomechanical alterations 
that are not fully reflected by conventional MRI 
degeneration grading systems. Therefore, this 
comparison was intended to explore whether endplate 
morphology could identify structural differences before 
advanced radiological degeneration becomes apparent. 

Although the Pfirrmann Classification is important 
in determining the level of disc degeneration, it is a 
subjective tool; therefore, a more objective, consistent 
and standard method has been sought for classification 
purposes. In most studies evaluating the relationship 
between disc degeneration and endplate morphology, 
only a single endplate was considered. The results of 
these studies show that, similar to our findings, loss of 
concavity increases the incidence of disc degeneration. 
Endplate morphology has been evaluated by MRI in 
various studies; flat and irregular endplates are 
associated with more severe disc degeneration (15). In a 
study, Wang et al. found that endplate asymmetry is 
more frequent in patients with degenerated lumbar disc 
herniation in the L4-5 segment than in patients with non-
degenerated lumbar disc herniation (47% vs 21%) (13). 
Although Wang et al. reported that superior–inferior 
endplate asymmetry may be associated with lumbar disc 
degeneration, the present study differs in several 
important aspects. First, we evaluated all lumbar motion 
segments systematically rather than focusing primarily 
on selected levels associated with disc herniation. 
Second, our analysis incorporated detailed morphologic 
categorization of endplates (concave, flat, irregular) in 
addition to symmetry assessment. Third, degeneration 
severity was evaluated using the Pfirrmann 
Classification across a broader patient spectrum, 
including symptomatic patients with both low-grade and 
advanced degeneration, as well as a non-degenerated 
comparison group. Therefore, our study expands the 
existing literature by providing a more comprehensive 
MRI-based assessment of vertebral endplate 
morphology in relation to lumbar disc degeneration. 

Many other studies have focused on morphology 
rather than endplate asymmetry. In a cadaveric study 
examining 600 vertebral endplates, irregular endplate 
shape was reported to increase the risk of disc 
degeneration by 2.62-fold compared with concave 
endplates. It was emphasized that increased concavity 
and decreased circularity may be important in the 
pathogenesis of disc degeneration (16). Barim et al. 
found a strong linear relationship between an increased 
concavity index (concavity level divided by vertebral 
body height) and an increased Pfirrmann Classification. 
It was stated that the concavity index was strongly 
associated with disc degeneration and was reproducible, 
and the consistency between the two observers, which 
was 66% in the Pfirrmann Classification, was 96-99% in 

the concavity index (17). He et al. found that, as lumbar 
intervertebral disc degeneration progressed, the 
concave angle of the vertebral endplate decreased and 
the endplate tended to flatten. They reported that the 
degree of flattening was associated with the severity of 
degeneration (7). Louie and colleagues examined the 
relationship between the Concavity Index and disc 
degeneration according to the Pfirrmann Classification. 
They found that the progression of intervertebral disc 
degeneration was proportional to the increase in 
endplate convexity. Accordingly, current evidence 
suggests that vertebral endplates are more concave in 
disc degenerations classified as lower grade by the 
Pfirrmann Classification, whereas endplates are more 
convex in disc degenerations classified as higher grade 
by the Pfirrmann Classification (8). Xiao et al. reported 
that the endplate concave angle correlated positively 
with lumbar disc degeneration. They suggest that 
endplate changes indicate lumbar disc degeneration and 
that endplate concavity may represent imaging features 
associated with disc degeneration in the future (9). 
Consistent with all these studies, superior and inferior 
endplate morphology differed significantly among Group 
AI, Group AII, and Group B across all lumbar segments 
in the present study. Similarly, when endplate patterns 
were classified as symmetric or asymmetric, significant 
differences were observed across all lumbar segments. 
Pairwise comparisons showed that Group AII had a 
significantly higher frequency of asymmetric endplate 
patterns than Group B at all lumbar levels, whereas the 
difference between Group AI and Group B was 
significant only at L2–3. 

Dudli et al. reported that endplates with wider 
concavity may predispose the vertebrae to degeneration. 
They suggested that combining endplate shape and 
morphometric features increased sensitivity by affecting 
vertebral bodies (18). In addition, endplate Modic 
changes have been reported to cause disc degeneration 
(19). In a study supporting this interpretation, Chunlin 
and colleagues found that the frequency of Modic 
changes in the irregular endplate was significantly higher 
than in concave and flat endplates. In addition, they 
found that flat and irregular endplates were more 
common in those with herniated discs (20). In our study, 
irregular endplates had the highest risk, flat endplates 
had a medium risk, and concave endplates had the 
lowest risk of degenerative disc formation. 

Although the cause-effect relationship between 
endplate morphology and disc degeneration could not be 
investigated due to the design of our study, 
asymmetrical endplates may hypothetically alter axial 
load transmission by shifting stress from the nucleus 
pulposus to the annulus fibrosus, which could contribute 
to degenerative changes. This issue was examined in 
various studies with similar results (10, 11, 21). 
Prospective cohort studies are needed to determine the 
direction of this relationship. 

To improve clarity and clinical applicability, the 
study groups were categorized by both symptom status 
and degeneration severity rather than by a purely 
numerical grouping system. This terminology was used 
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to avoid potential confusion between group labels and 
Pfirrmann grading categories. This approach was 
intended to provide a more intuitive and clinically 
interpretable framework for evaluating endplate 
morphology in relation to lumbar disc degeneration. 

In our study, Group AII showed more pronounced 
endplate morphologic alterations than Group AI and 
Group B, particularly in the lower lumbar segments. In 
the L4–L5 and L5–S1 segments, Group AII was less 
frequently represented in the “concave–concave” 
morphology group and showed a higher frequency of 
asymmetric endplate patterns. Asymmetric endplate 
patterns were uncommon in Group B across all lumbar 
levels, including L5–S1. The highest asymmetry rate 
was observed in Group AII at L5–S1, where half of the 
segments showed asymmetric endplate morphology. 
This finding supports an association between advanced 
degeneration and endplate asymmetry, particularly in the 
lower lumbar spine. However, because the present study 
was retrospective and cross-sectional, it remains unclear 
whether endplate asymmetry precedes disc 
degeneration or develops as a secondary adaptive or 
degenerative change. In another study, it was reported 
that the sizes of the inferior and superior endplates 
differed across segments (11). 

An important aspect of the present study was the 
separate evaluation of symptomatic patients with 
Pfirrmann grade 1–2 discs (Group AI) and the non-
degenerated control group (Group B). Although 
Pfirrmann grades 1–2 are generally considered non-
degenerative, symptomatic individuals may still exhibit 
early structural or biomechanical alterations not fully 
captured by conventional degeneration grading systems. 
Therefore, this subgroup analysis was performed to 
explore whether endplate morphology and asymmetry 
may differ even before advanced radiological 
degeneration becomes apparent. In the updated 
analysis, Group AI was generally more similar to the 
non-degenerated control group (Group B) than Group 
AII, although some differences were still observed at 
specific lumbar levels. These findings suggest that 
endplate morphological alterations may begin before 
advanced radiological degeneration becomes apparent, 
but this interpretation should be considered exploratory. 

In this study, there were no investigations of 
different endplate pathologies other than morphological 
analyses. The resulting structural changes (circularity, 
thickness, Modic changes, tissue disorders, etc.) may 
have contributed to or been associated with endplate 
deformities. Furthermore, endplate concavity may 
deteriorate with age (22) or with increased weight 
burden (23). Although age was examined in our study, 
other features, such as body weight, that could affect the 
shape of the endplate were not examined.  

From a practical perspective, visual assessment of 
endplate morphology does not require additional 
software or complex quantitative measurements and 
may therefore represent a feasible adjunctive 
morphologic parameter in routine lumbar MRI 
interpretation. 

Another potential implication of the morphologic 
features evaluated in this study is that assessment of 
endplate morphology may be suitable for future 
integration into AI-assisted imaging analysis systems. 
Although the present study did not investigate artificial 
intelligence-based approaches, the morphological 
features evaluated here may represent potential imaging 
features for future automated image-analysis studies. 

In this study, several limitations should be 
acknowledged to ensure appropriate interpretation of the 
findings: 

Due to the retrospective and cross-sectional 
design, causal relationships between vertebral endplate 
morphology and disc degeneration cannot be 
established. Longitudinal follow-up data were not 
available; therefore, it remains unclear whether endplate 
morphological changes precede disc degeneration or 
represent a secondary adaptive or degenerative 
phenomenon. 

Interobserver and intraobserver reliability analyses 
were not performed. The subjective nature of the 
Pfirrmann Classification may lead to interobserver 
variability. In the present study, endplate symmetry and 
morphology were assessed using visually identifiable 
structural features that may be practical for routine MRI 
evaluation. However, interobserver and intraobserver 
reliability analyses were not performed; therefore, the 
reproducibility and observer dependence of this 
approach cannot be determined from the current data. 

The 1-mm threshold used to differentiate flat and 
concave endplate morphology was based on prior 
literature but was not independently validated within the 
present cohort. This may affect the robustness and 
generalizability of morphological classification. 

Although statistical adjustments, such as the 
Bonferroni correction, were applied to subgroup 
analyses, the segment-level structure of the data poses 
an important statistical limitation. Because multiple 
lumbar disc levels were assessed within the same 
individual, observations from different segments may not 
be completely independent and may be affected by 
within-patient correlation. This may influence the 
precision of statistical estimates and the risk of type I 
error in segment-based comparisons. Although 
segment-based analyses provide clinically useful level-
specific information, future studies using statistical 
approaches that account for clustered or repeated 
measurements, such as mixed-effects models or 
generalized estimating equations, may better address 
the correlated structure of lumbar segment data. 

Another limitation is that the independent 
association between vertebral endplate 
morphology/asymmetry and disc degeneration could not 
be evaluated. Although age and sex distributions were 
comparable between groups, several potentially 
important confounding variables—including body mass 
index, occupation, physical activity level, smoking status, 
mechanical loading, Modic changes, disc herniation, and 
other degenerative spinal findings—were not available in 
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the retrospective dataset. Therefore, multivariable 
analysis adjusting for these factors could not be 
performed. Accordingly, the present findings should be 
interpreted as demonstrating an association rather than 
an independent predictive or causal relationship. Future 
prospective studies incorporating comprehensive clinical 
and imaging covariates are required to determine 
whether endplate morphology or asymmetry is 
independently associated with lumbar disc degeneration. 
Biomechanical validation was not performed; therefore, 
the proposed relationship between endplate asymmetry 
and altered mechanical loading remains theoretical and 
requires further experimental confirmation.  

Finally, there was no longitudinal follow-up or 
biomechanical validation in our study. 

Future prospective cohort studies incorporating 
standardized imaging protocols, reliability testing, 
comprehensive clinical covariates, and biomechanical 
validation are needed to clarify the causal relationship 
between endplate morphology and lumbar disc 
degeneration. 

The principal contribution of the present study is 
not the introduction of endplate asymmetry as a novel 
concept, but the comprehensive evaluation of both 
endplate morphology and symmetry patterns across all 
lumbar motion segments and across different stages of 
Pfirrmann-defined degeneration. This broader 
assessment provides additional information regarding 
the distribution and clinical associations of endplate 
morphological alterations throughout the lumbar spine.  

Vertebral endplate morphology, particularly loss of 
concavity and increased superior–inferior endplate 
asymmetry, was significantly associated with lumbar disc 
degeneration on MRI. However, because this 
retrospective study did not include reliability testing or 
longitudinal validation, endplate morphology should be 
interpreted as an associated morphologic feature rather 
than a validated predictive imaging biomarker. 
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