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A B S T R A C T    

Background: Lumbar spine degenerative disease is a common cause of low back pain and disability 

worldwide. Increased body mass index (BMI) has been implicated as a potential risk factor for lumbar 

disc degeneration, yet the pattern of involvement across different lumbar levels in relation to BMI 

remains underexplored. Objective: To evaluate the distribution of lumbar disc degeneration across 

different spinal levels and examine its association with BMI in adult patients undergoing MRI. 

Materials & Methods: This retrospective study was conducted in the Radiology Department of 

BIRDEM General Hospital from January 2024 to December 2024. A total of 70 adult patients with 

MRI-confirmed degenerative changes in the lumbar spine were included. Exclusion criteria 

comprised prior spine surgery, spinal infections, malignancy, metabolic bone disease, or incomplete 

imaging/BMI data. Demographic data, height, weight, and clinical indications for MRI were recorded. 

BMI was calculated and categorized according to WHO criteria. MRI scans were reviewed by a 

consultant radiologist using standard lumbar spine imaging protocols to identify disc bulges, central 

and paracentral herniations at levels L1–L2 through L5–S1. Data were analyzed using descriptive 

statistics and chi-square tests to assess associations between BMI and disc pathology. Results: The 

mean age of participants was 43.15 ± 8.37 years, with 52.9% females. BMI distribution showed 50.0% 

normal weight, 35.7% overweight, 11.4% obese, and 2.9% underweight. Disc pathology was most 

prevalent at L4–L5 (71.4% disc bulge, 7.1% central and paracentral herniation) and L5–S1 (35.7% 

disc bulge, 25.7% central herniation, 7.1% paracentral herniation). Upper lumbar levels (L1–L2 and 

L2–L3) were largely normal. Higher BMI was associated with increased frequency of disc bulges and herniations, particularly at lower 

lumbar levels. Conclusion: Lumbar disc degeneration predominantly affects lower lumbar segments (L4–L5 and L5–S1), and elevated BMI 

is associated with increased severity and frequency of multi-level disc pathology. Weight management may play a key role in reducing the 

burden of degenerative lumbar spine disease. 
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INTRODUCTION 

Low back pain (LBP) is one of the leading 

causes of disability worldwide and 

constitutes a major public health challenge 

across all age groups. It is frequently 

chronic or recurrent and is associated with 

substantial functional limitation, reduced 

quality of life, and significant 

socioeconomic burden [1,2]. Globally, more 

than 500 million individuals were affected 

by LBP in 2017, accounting for a 

considerable proportion of years lived with 

disability (YLDs) [3]. Among the structural 

etiologies of LBP, degenerative disorders of 

the lumbar spine—particularly lumbar 

spinal canal stenosis and degenerative 

spondylolisthesis—are increasingly 

recognized as important contributors to 

persistent pain, neurological deficits, and 

impaired mobility. Lumbar spinal canal 

stenosis is characterized by progressive 

narrowing of the spinal canal, leading to 

compression of neural elements and clinical 

manifestations such as low back pain, 

radiculopathy, neurogenic claudication, and 

sensory disturbances [4]. The condition is 

predominantly degenerative and has been 

strongly associated with advancing age, 

abnormal mechanical loading, genetic 

susceptibility, smoking, metabolic 

syndrome, and psychosocial factors [5,6]. 

Degenerative spondylolisthesis, most 

commonly occurring at the L4–L5 or L5–S1 

levels, further aggravates canal narrowing 

through anterior vertebral slippage, facet 

joint hypertrophy, and ligamentous 

thickening, thereby compounding neural 

compression and symptom severity [7]. 

Obesity has emerged as a key modifiable 

risk factor in the multifactorial pathogenesis 

of LBP and degenerative lumbar spine 

disease. Numerous epidemiological studies 

have demonstrated that individuals with 

elevated body mass index (BMI) have a 

significantly higher prevalence and severity 

of LBP compared with those of normal 

weight [8-10]. From a biomechanical 

perspective, excess body weight increases 

axial loading on the lumbar spine, elevates 

intradiscal pressure, and accelerates 

intervertebral disc degeneration, facet joint 

arthropathy, and ligamentum flavum 

hypertrophy—hallmark pathological 

features of lumbar spinal canal stenosis [11-

12]. Obesity-related alterations in posture 

and sagittal spinopelvic alignment may 

further contribute to segmental instability 

and the progression of degenerative 

spondylolisthesis [13]. Beyond mechanical 

stress, obesity contributes to spinal 

degeneration through complex biological 

mechanisms. Adipose tissue–derived 

cytokines and adipokines, including leptin 

and adiponectin, promote chronic low-grade 

systemic inflammation, impair disc cell 

metabolism, and accelerate extracellular 

matrix degradation within the intervertebral 

disc [14,15]. Additionally, metabolic 

dysregulation, insulin resistance, and 

endothelial dysfunction may compromise 

nutrient diffusion to the avascular disc, 

enhancing hypoxia-induced degeneration 

and apoptosis [16]. More recently, spinal 

epidural lipomatosis—excessive fat 

accumulation within the spinal canal—has 

been proposed as a potential mediator 

linking elevated BMI to symptomatic 

lumbar spinal stenosis through direct 

mechanical compression of neural 

structures [17,18]. Despite accumulating 

evidence supporting a relationship between 

obesity, disc degeneration, and LBP, the 

association between BMI and lumbar spinal 

canal stenosis remains controversial. While 
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several imaging-based and population 

studies have reported a positive correlation 

between increased BMI and degenerative 

spinal changes, including stenosis [7,19], 

others have failed to demonstrate a 

consistent or independent association after 

adjustment for age, sex, and genetic factors 
[20,21]. These conflicting findings highlight 

persistent knowledge gaps and underscore 

the need for further focused investigation. 

Given the rising global prevalence of 

obesity particularly in Asian populations—

and the parallel increase in LBP-related 

disability, clarifying the relationship 

between BMI and lumbar spinal canal 

stenosis is of considerable clinical and 

public health importance [22,23]. A clearer 

understanding of this association may 

facilitate improved risk stratification, guide 

preventive strategies, and support 

individualized management approaches for 

patients presenting with low back pain. 

 

METHODS & MATERIALS 

This retrospective observational study was 

conducted in the Department of Radiology 

at BIRDEM General Hospital over a one-

year period from January 2024 to December 

2024. A convenience sampling method was 

used, and a total of 70 adult patients who 

met the eligibility criteria were included. 

Patients aged 18 years or older who were 

referred for lumbosacral spine MRI and 

demonstrated degenerative changes on 

imaging were enrolled. Patients with a 

history of spinal surgery, sacroiliac arthritis, 

spinal fractures, spinal infections including 

tuberculosis, active malignancy or 

metastatic disease, metabolic bone 

disorders, incomplete imaging studies, or 

missing height or weight data were excluded 

from the study. 

All MRI examinations were performed 

using a 1.5-Tesla Philips Ignetia MRI 

scanner following a standardized 

lumbosacral spine protocol. The imaging 

protocol included T1-weighted and T2-

weighted sequences obtained in both 

sagittal and axial planes. Images were 

reviewed by a consultant radiologist with 

extensive experience in spinal imaging. 

Each MRI scan was systematically 

evaluated for degenerative changes at 

lumbar levels from L1–L2 to L5–S1. Disc 

degeneration was assessed using established 

radiological criteria, including the 

Pfirrmann grading system, with specific 

attention to disc bulges, central and 

paracentral disc herniations, and vertebral 

alignment abnormalities. 

Demographic and clinical data were 

collected from medical records and, when 

necessary, through direct patient interviews. 

Clinical indications for MRI included low 

back pain, sciatica, walking difficulty, 

neurogenic claudication, and a history of 

trauma. Occupational information was also 

recorded to explore potential associations 

between work-related physical demands 

and patterns of lumbar spinal degeneration. 

Height and weight measurements were 

obtained to calculate body mass index 

(BMI) using the standard formula: BMI = 

weight (kg) / height (m²). Patients were 

classified according to the World Health 

Organization BMI categories as 

underweight, normal weight, overweight, 

obese class I, obese class II, and obese class 

III. 

 

Figure 1 Disc protrusion with spinal canal stenosis (8mm) of a obese female patient. 

 

Sagittal and axial T2W sequences of MRI of 

lumbar spine of 35 years old female obese 

patient showing posterior disc protrusion, 

flaval hypertrophy causing spinal canal 

stenosis, bilateral lateral recess and neural 

foraminal narrowing with compression of 

exiting L4 and traversing L5 nerve roots on 

both sides at L4-L5 level (Figure 1). 

 

Statistical Analysis 

Data were entered and analyzed using the 

Statistical Package for the Social Sciences 

(SPSS), version 25. Descriptive statistics 

were used to summarize patient 

characteristics and MRI findings, with 

continuous variables expressed as means 

and standard deviations and categorical 

variables presented as frequencies and 

percentages. Associations between BMI 

categories and disc pathology at individual 

lumbar levels were analyzed using the chi-

square test, and a p-value of <0.05 was 

considered statistically significant. An 

exploratory logistic regression analysis was 

also performed to assess the predictive value 

of BMI for multilevel disc degeneration, 

although its interpretation was limited by 

the sample size and data distribution. 

Written informed consent was obtained 

from all participants or their legal guardians, 

and the study posed no direct risk to patient 

safety as it involved retrospective image 

review without invasive procedures or 

radiation exposure. 

RESULTS 

A total of 70 patients were included in the 

study. The mean age was 43.15 ± 8.37 years, 

with the majority of participants falling in 

the 40–44 years (22.9%) and 30–34 years 

(21.4%) age groups. Regarding gender 

distribution, 52.9% were female and 47.1% 

were male, showing a slightly higher 

proportion of females. In terms of BMI, 

50.0% of participants had normal weight, 

35.7% were overweight, 11.4% were obese, 

and 2.9% were underweight, with a mean 

BMI of 24.39 ± 4.12 kg/m². Overall, the 

study population was middle-aged, slightly 

female-predominant, and predominantly of 

normal to overweight BMI (Table I). 
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Table I 
Distribution of Subjects according to Age, Gender, and BMI (n = 70). 
 

Demographic characteristics Number Percentage 

Age group (years)   

30–34 15 21.4 

35–39 13 18.6 

40–44 16 22.9 

45–49 10 14.3 

50–54 7 10.0 

55–60 9 12.8 

Mean ± SD 43.15 ± 8.37 30-60 

Gender   

Male 33 47.1 

Female 37 52.9 

BMI (kg/m²)   

<18.5 (Underweight) 2 2.9 

18.5–24.9 (Normal) 35 50.0 

25.0–29.9 (Overweight) 25 35.7 

≥30 (Obese) 8 11.4 

Mean ± SD 24.39 ± 4.12  

 

Among the 70 patients, the majority of discs 

at the upper lumbar levels (L1–L2 and L2–

L3) were normal, with 94.3% and 85.7% 

unaffected, respectively. Disc bulges were 

more common at these levels but remained 

low (4.3% at L1–L2 and 12.9% at L2–L3), 

while central and paracentral herniations 

were rare.  At the mid-lumbar level (L3–

L4), normal discs accounted for 64.3%, with 

a higher proportion of disc bulges (30.0%) 

and minor occurrences of central and 

paracentral herniations (2.9% each).  The 

lower lumbar levels (L4–L5 and L5–S1) 

showed the greatest pathology. At L4–L5, 

71.4% had disc bulges, and central and 

paracentral herniations were observed in 

7.1% each, leaving only 14.3% normal. At 

L5–S1, 35.7% showed disc bulges, 25.7% 

had central herniation, 7.1% paracentral 

herniation, and 31.4% remained normal.  

Overall, disc pathology increased at lower 

lumbar levels, with L4–L5 and L5–S1 being 

the most affected levels (Table II). 

 

Table II 

Distribution of Disc Pathology by Lumbar Level (n = 70). 

 
Lumbar Level Normal n (%) Disc Bulge n (%) Central Herniation n (%) Paracentral Herniation n (%) 

L1–L2 66 (94.3) 3 (4.3) 1 (1.4) 0 (0.0) 

L2–L3 60 (85.7) 9 (12.9) 1 (1.4) 0 (0.0) 

L3–L4 45 (64.3) 21 (30.0) 2 (2.9) 2 (2.9) 

L4–L5 10 (14.3) 50 (71.4) 5 (7.1) 5 (7.1) 

L5–S1 22 (31.4) 25 (35.7) 18 (25.7) 5 (7.1) 

 

Among the underweight group (N = 2), all 

cases were observed at the L5–S1 level 

(100%), with no disc pathology detected at 

the upper lumbar levels. In the normal 

weight group (N = 35), the highest 

frequency of disc bulge/herniation was 

noted at L4–L5 (20 cases, 57.1%), followed 

by L3–L4 (9 cases, 25.7%) and L2–L3 (5 

cases, 14.3%). Minimal involvement was 

seen at L1–L2 (1 case, 2.9%), while no 

cases were recorded at L5–S1 in this group. 

For overweight patients (N = 25), disc 

pathology was most commonly found at 

L4–L5 (10 cases, 40.0%), followed by L5–

S1 (7 cases, 28.0%) and L3–L4 (6 cases, 

24.0%). Lower frequencies were observed 

at L1–L2 (1 case, 4.0%) and L2–L3 (1 case, 

4.0%). In the obese class I group (N = 8), the 

majority of cases involved the L4–L5 level 

(4 cases, 50.0%), followed by L5–S1 (3 

cases, 37.5%) and L3–L4 (1 case, 12.5%). 

No disc bulge or herniation was identified at 

L1–L2 or L2–L3 levels in this group. 

Overall, across all BMI categories, lower 

lumbar levels (L4–L5 and L5–S1) showed 

the highest burden of disc bulge/herniation, 

with an increasing shift toward L5–S1 

involvement as BMI increased (Table III). 

 

Table III 
Distribution of Disc bulge/Herniation by BMI Category (n = 70). 
 

Lumbar Level Underweight N=2 Normal Weight N=35 Overweight N=25 Obese I N=8 

L1–L2 0 1 1 0 

L2–L3 0 5 1 0 

L3–L4 0 9 6 1 

L4–L5 0 20 10 4 

L5–S1 2 0 7 3 

 

DISCUSSION 

In this study, a total of 70 patients were 

included, with a mean age of 43.15 ± 8.37 

years. The majority of participants were 

aged 40–44 years (22.9%) and 30–34 years 

(21.4%), and females slightly predominated 

(52.9%) over males (47.1%). The BMI 

distribution showed that 50% of participants 

had normal weight, 35.7% were overweight, 

11.4% were obese, and 2.9% were 

underweight, with a mean BMI of 24.39 ± 

4.12 kg/m². This demographic profile is 

consistent with previous studies indicating 

that middle-aged, overweight, and obese 

individuals are more prone to lumbar spine 

degenerative changes [3]. Aziz et al. [3] 

reported a high prevalence of degenerative 

lumbar spine changes among overweight 



2025, 9(2) The Planet 

 

P a g e  192 

and obese individuals, with L4–L5 and L5–

S1 being the most commonly affected 

levels. Interestingly, their study also 

highlighted a significant association 

between higher BMI and disc pathology at 

the upper lumbar levels (L1–L2 and L2–

L3), supporting emerging evidence that 

overweight individuals may experience 

early degenerative changes in these 

segments [24]. Similarly, our analysis 

revealed significant associations at L1–L2 

(χ² = 13.30, p = 0.0207) and L2–L3 (χ² = 

16.85, p = 0.0048), suggesting that both 

axial loading and pro-inflammatory 

adipokines may contribute to early 

degeneration. In our population, the 

majority of discs at upper lumbar levels 

remained normal (L1–L2: 94.3%, L2–L3: 

85.7%), with disc bulges and herniations 

being relatively rare. Mid-lumbar (L3–L4) 

levels exhibited moderate pathology, 

whereas lower lumbar levels (L4–L5 and 

L5–S1) showed the highest prevalence of 

disc degeneration. At L4–L5, 71.4% of 

discs exhibited bulges, and central and 

paracentral herniations were each observed 

in 7.1% of cases. At L5–S1, disc bulges 

were present in 35.7%, central herniation in 

25.7%, and paracentral herniation in 7.1%, 

with only 31.4% remaining normal. These 

findings corroborate global data showing 

the predominance of degenerative changes 

at lower lumbar levels due to cumulative 

mechanical stress and age-related disc 

degeneration [25,26]. The distribution of disc 

pathology according to BMI demonstrated 

that lower lumbar levels (L4–L5 and L5–

S1) had the highest burden across all BMI 

categories. Notably, among underweight 

patients (N=2), pathology was confined to 

L5–S1, while in normal-weight participants 

(N=35), the highest frequency was at L4–L5 

(57.1%), followed by L3–L4 (25.7%) and 

L2–L3 (14.3%). Overweight patients 

(N=25) showed maximum involvement at 

L4–L5 (40%), with L5–S1 and L3–L4 also 

affected. Obese class I patients (N=8) had 

the majority of pathology at L4–L5 (50%) 

and L5–S1 (37.5%). These results are 

consistent with prior studies demonstrating 

a positive association between BMI and 

multi-level lumbar disc degeneration [27,28]. 

Interestingly, while lower lumbar levels 

showed the highest frequency of disc 

pathology, we did not observe a statistically 

significant association with BMI at L4–L5 

or L5–S1. This may be due to the high 

prevalence of degenerative changes at these 

levels among symptomatic individuals, 

limiting the ability to detect differences 

across BMI groups [3,29]. Furthermore, 

genetic predisposition may play a more 

prominent role in disc degeneration among 

younger populations, which could explain 

variability in upper versus lower lumbar 

involvement [30]. Overall, our findings 

support the established link between 

elevated BMI and lumbar spine 

degeneration, particularly at lower lumbar 

levels, while highlighting that upper lumbar 

segments may also be affected in 

overweight individuals. This reinforces the 

need for early preventive measures, weight 

management, and ergonomic interventions 

to mitigate the risk of multi-level lumbar 

disc pathology. 

 

CONCLUSION 

Disc disease progressively develops from 

the upper to lower lumbar levels, with L4–

L5 and L5–S1 being the most damaged, 

according to this research of 70 adult 

patients with lumbar spine degenerative 

alterations. The influence of overweight and 

obesity on lumbar spine degeneration was 

highlighted by the considerable percentage 

of patients with higher BMI who had disc 

bulges and herniations, especially at L4–L5 

and L5–S1. Although early degenerative 

alterations were seen in overweight people, 

upper lumbar levels (L1–L2 and L2–L3) 

were  maintained. Overall, the results point 

to a link between higher BMI and a higher 

likelihood and severity of multi-level 

lumbar disc degeneration. These findings 

highlight the significance of preventative 

measures and weight control in lowering the 

incidence of degenerative lumbar spine 

illness. 
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