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ABSTRACT

Aim To investigate the correlation of body mass index (BMI) with 
severity of intervertebral disc degeneration. 

Methods The study enrolled patients who had undergone surgical 
intervention for a herniated disc at the Department of Neurosur-
gery of the Cantonal Hospital Zenica. Patients underwent thoro-
ugh preoperative evaluation, including medical history, neuro-
logical and physical assessments, and radiological analysis. The 
surgical intervention consisted of a posterior lumbar discectomy, 
and the excised disc material was preserved and subjected to hi-
stopathological analysis based on Histopathologic Degeneration 
Score (HDS). Patients were divided in two groups according to 
Body Mass Index (BMI): study group with BMI≥25 and control 
group with BMI<25.

Results Among 69 patients with herniated IVD, 26 (37.7%) were 
with BMI≥25 (study group), and 43 (62.3%) were with BMI<25 
(controls). The study group displayed substantial increase in 
height, 1.80±0.06 m compared to controls, 1.74±0.06 m (p=0.001). 
Weight and BMI were significantly higher in the study group of 
patients (weight: 91.60±10.22 vs. 67.37±9.20 kg, BMI: 28±2 vs. 
22±2; p<0.001). Differences were confirmed in HDS values in the 
study group comparing to the control group (p<0.001). The study 
group exhibited significant differences in chondrocyte proliferati-
on, tears and clefts, granular changes, and mucous degeneration 
(p<0.05), and positive correlations were found between BMI and 
these alterations found in the herniated discs (p<0.05). Therefore, 
HDS showed positive correlations with BMI (R=0.599; p<0.001) 
and weight (R=0.696; p<0.001).

Conclusion The study's findings confirmed that BMI has a signi-
ficant impact on intervertebral disc degeneration, emphasizing the 
importance of weight management in preventing disc degeneration.

Key words: chondrocyte proliferation, obesity, weight manage-
ment
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INTRODUCION

Chronic low back pain (LBP) exerts a substantial 
impact on a significant portion of the populati-
on, and one of its primary contributors is inter-
vertebral disc degeneration (IDD) (1). However, 
the progression of IDD and its manifestation in 
patients exhibit notable variability (2). The rela-
tionship between severe IDD cases and the de-
gree of LBP is controversial; severe degeneration 
may result in mild LBP and vice versa (3). This 
complexity hints at potential involvement of hi-
stogenetic factors. Various factors such as age, 
gender, height, obesity, smoking, occupation, 
heredity and psychosocial elements contribute to 
the risk of LBP (4). Alterations in intervertebral 
disc (IVD) biology have been linked to lumbar 
disc herniation (LDH), involving diminished wa-
ter retention in the nucleus pulposus (NP), ele-
vated presence of type I collagen in the NP and 
inner annulus fibrosis (AF), degradation of extra-
cellular matrix components, activation of apopto-
sis, expression of matrix metalloproteinases, and 
engagement of inflammatory pathways (5). The 
link between inflammatory signalling and nerve 
pain in LDH underscores the immunoprivileged 
nature of the IVD. When the NP protrudes into 
the epidural space, changes in vascular permeabi-
lity and vasodilation lead to immune cell recrui-
tment and the initiation of inflammatory cytokine 
signalling (6).
This study addresses a significant gap in the cu-
rrent research landscape by concentrating exclusi-
vely on histopathological analysis as a diagnostic 
approach for IDD in the context of LBP. Despite 
extensive investigations into various factors in-
fluencing IDD (2), there is a notable scarcity of 
studies specifically delving into the microscopic 
examination of disc tissues. Histopathological 
analysis provides a nuanced understanding of 
structural changes and cellular responses within 
the intervertebral disc, offering valuable insights 
into the degenerative processes (5). 
The aim of this study was to investigate the 
correlation between body mass index (BMI) and 
the severity of IVD degeneration, recognizing 
BMI as a potentially modifiable risk factor for 
degenerative disc conditions. The findings from 
this research could not only contribute to a more 
comprehensive understanding of the intricate 
mechanisms underlying IVD, but also inform tar-

geted interventions and preventive strategies for 
chronic LBP associated with IVD.

PATIENTS AND METHODS

Patients and study design

This prospective observational study enrolled 
69 patients who had experienced surgical inter-
vention for a herniated IVD at the Department of 
Neurosurgery, Zenica Cantonal Hospital, in the 
period July 2022-June 2023. Inclusion criteria 
encompassed: individuals necessitating surgical 
intervention due to LDH, aged above 18 years, 
residents of Zenica-Doboj Canton, and those po-
ssessing both MRI record and a consistent stream 
of data availability. Exclusion criteria were pati-
ents with the occurrence of trauma to the lumbar 
spine, the presence of spondylolisthesis, recu-
rrent IVD prolapse, failed back surgery syndro-
me, or infection. Patients were divided in two 
groups according to Body Mass Index (BMI): 
study group with BMI ≥25 and control group 
with BMI <25 (7).
A written informed consent was obtained from 
all patients. The Ethics Committee of the Canto-
nal Hospital Zenica approved the study. 

Methods

Patients underwent thorough preoperative evalu-
ations, encompassing the collection of medical 
history, as well as comprehensive neurological 
and physical assessments, in addition to radiolo-
gical analysis. Demographic data included gen-
der and age. Prior to the surgical procedure, me-
asurements of height (m) and weight (kg) were 
recorded, and BMI was calculated (kg/m²).
The radiological evaluation involved magnetic 
resonance imaging (MRI; Magnetom Avanto 1.5 
T, Siemens, Erlangen, Germany), with a speci-
fic emphasis on discerning the intervertebral disc 
(ID) level. 
The surgical intervention consisted of a posterior 
lumbar discectomy, with extraction of extruding 
or sequestered disc material (DM). The excised 
DM was preserved and subjected to histopatho-
logical analysis. In the analysis of tissue samples, 
surgical specimens were swiftly immersed in 
formaldehyde solution (4-6%; pH 7.4) for 12-16 
hours. Following this, thin sections (4 μm) were 
produced from the DM that had been fixed in for-
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malin and embedded in paraffin. These sections 
were then placed on glass slides treated for this 
purpose and were subjected to haematoxylin & 
eosin and alcian blue staining. The main focus 
was on identifying alterations in the tissue's mor-
phology based on Histologic Degeneration Score 
(HDS) (8). This semi-quantitative approach in-
volved the assignment of specific subscales (Fig-
ure 1): cell density (chondrocyte proliferation): 
0 - no indication of proliferation, 1 - elevated cell 
density, 2 - linkage between two chondrocytes, 
3 - presence of small-sized chondrocyte clusters 
(3-7 cells), 4 - presence of moderate lysized clus-
ters (8-15 cells), 5 - presence of substantial clus-
ters (>15 cells); structural alterations (tears and 
clefts): 0 - absence, 1 - rare presence, 2 - moder-
ate presence, 3 - significant presence, 4 - indica-
tive of scars or tissue defects; granular changes: 
0 - absence, 1 - infrequent presence, 2 - interme-
diate presence, 3 - pronounced presence; mucous 
degeneration: 0 - absence, 1 - rare presence, 2 - 
intermediate presence, 3 - pronounced presence. 
This assessment offered insights into the extent 
of degeneration on the HDS scale of 0-15 (8).

Statistical analysis

The evaluation of departures from a normal 
distribution was executed via the Kolmogorov-
Smirnov test, prompting the utilization of non-
parametric analyses. To ascertain noteworthy 
differences in categorical variables between the 
groups, the Pearson's χ² test was applied, while 
for continuous variables, the Mann-Whitney U 
test was employed. The correlation between va-
riables was assessed employing the Spearman's 

Rho correlation coefficient (R). Statistical signi-
ficance was acknowledged at p≤0.05.

RESULTS

Among 69 patients with herniated IVD, 26 
(37.7%) were with BMI ≥25 (study group), and 43 
(62.3%) were with BMI <25 (controls). In the stu-
dy group males were predominated, 17 (65.4%), 
and in the control group there was female predo-
mination, 24 (55.8%) (p=0.072). Significant age 
differences were observed in the 18-29 age group 
(p<0.001), no patients in the study group compa-
ring to six (14.0%) patients in the control group. 
The study group displayed substantial increase 
in height compared to controls, 1.80±0.06 m and 
1.74±0.06 m, respectively (p=0.001). The weight 
and BMI were significantly higher in the study 
group of patients, 91.60±10.22 kg vs. 67.37±9.20 
kg (p<0.001), and 28±2 vs. 22±2 (p<0.001), res-
pectively. No considerable differences were ob-
served in the affected vertebral levels (p=0.424).
Chondrocyte proliferation was absent in both 
groups. Moderate size clones (8-15 cells) were 
noted in 6 cases (23.1%) of the study group and 
2 cases (4.7%) of the controls. Large clones (>15 
cells) were more prevalent in the study gro-
up, six (23.1%), than in the control group, one 
(2.3%) (p=0.003). Granular changes showed rare 
presence in 10 (38.5%) cases of the study gro-
up and 22 (51.2%) of the controls. Intermediate 

Variable
Study group

(N=26)*
Control group

(N=43)† p
No (%) of patients

Gender
Male 17 (65.4) 19 (44.2) 0.072

Female 9 (34.6) 24 (55.8)

Age (years) 

18-29 0 6 (14.0) <0.001
30-39 2 (7.7) 22 (51.2)
40-49 4 (15.4) 7 (16.3)
50-59 15 (55.7) 7 (16.3)
60-69 4 (15.4) 0 (0)
>70 1 (3.8) 1 (2.3)

Affected
vertebral level

L2/L3 0 (0) 1 (2.3) 0.424
L3/L4 4 (15.4) 5 (11.6)
L4/L5 16 (61.5) 20 (46.5)
L5/S1 6 (23.1) 17 (39.5)

Mean±SD (Min. – Max.)

Height (m) 1.80±0.06
(1.69 - 1.92)

1.74±0.06
(1.62 - 1.89) 0.001

Weight (kg) 91.60±10.22
(77.11 - 118)

67.37±9.20
(51.10- 87.42) <0.001

BMI (kg/m2) 28±2 (26-34) 22±2 (17-24) <0.001

Table 1. Baseline characteristics of patients

*BMI≥25; †BMI<25;
SD, standard deviation; Min, minimal value; Max, maximal value; 
BMI, body mass index;

Figure 1. Histomorphological indicators of intervertebral disc 
degeneration. A) Elevation in cell density (indicating chondro-
cyte proliferation); B) a pronounced occurrence of granular 
alterations; C) structural modifications characterized by tears 
and clefts; D) severe escalation in acid mucopolysaccharides 
(indicative of mucous degeneration)

A) B)

C) D)
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presence was more common in the study group 
(30.8% vs. 20.9% in controls), and abundant 
presence was observed in eight (30.8%) cases of 
the study group and three (7.0%) cases of con-
trols (p=0.006). Mucous degeneration was less 
frequent in the study group (23.1%) than controls 
(62.8%) (p=0.003), with higher prevalence of 
rare (42.3% vs. 27.9%) and intermediate (34.6% 
vs. 7.0%) occurrences in the study group. Abun-
dant mucous degeneration was found only in the 
control group (2.3%). Evident differences were 
confirmed in HDS values in the study (8.6±2) 
and control (5.1±2) group (p<0.001), indicating 
that there are differences in severity of disc dege-
neration in specific groups (Table 2). 
There is a strong positive correlation between 
BMI and chondrocyte proliferation (R=0.530; 
p<0.001) (Figure 2A), indicating that higher 
BMI was associated with an increase of chondro-
cyte proliferation. Additionally, tears and clefts 
(R=0.459; p<0.001; Figure 2B), granular chan-
ges (R=0.401; p=0.001; Figure 2C), and muco-
us degeneration (R=0.330; p=0.006; Figure 2D) 
also showed positive correlation with BMI, im-
plying that these pathohistological features tend 
to be more prevalent in patients with a higher 

Variable Description 
Study group

(N=26)*
Control group

(N=43)† p

No (%) No (%)

Chondrocyte
proliferation

No proliferation 0 (0.0) 0 (0.0) <0.001
Increased

cell density 0 (0.0) 8 (18.6)

Connection of
two chondrocytes 5 (19.2) 21 (48.8)

Small size
clones (3-7) 9 (34.6) 11 (25.6)

Moderate size 
clones (8-15) 6 (23.1) 2 (4.7)

Huge clones (>15) 6 (23.1) 1 (2.3)

Tears and 
clefts

Absent 2 (7.7) 6 (14.0) 0.003
Rarely presented 4 (15.4) 24 (55.8)

Intermediate
presented (1-3) 12 (46.2) 10 (23.3)

Abundantly
presented 7 (26.9) 3 (7.0)

Scar/tissue defects 1 (3.8) 0 (0.0)

Granular 
changes

Absent 0 (0.0) 9 (20.9) 0.006
Rarely presented 10 (38.5) 22 (51.2)

Intermediate
presented 8 (30.8) 9 (20.9)

Abundantly
presented 8 (30.8) 3 (7.0)

Mucous
degeneration

Absent 6 (23.1) 27 (62.8) 0.003
Rarely presented 11 (42.3) 12 (27.9)

Intermediate
presented (1-3) 9 (34.6) 3 (7.0)

Abundantly
presented 0 (0.0) 1 (2.3)

Mean±SD (Min. – Max.)
HDS 8.6±2 (4–13) 5.1±2 (1–12) <0.001

Table 2. Pathohistological characteristics of disc material

*BMI≥25; †BMI<25;
HDS, histopathological degenerative score;

Figure 2. Correlation between body mass index (BMI) with: A) chondrocyte proliferation, B) tears and clefts occurrence, C) granu-
lar changes and D) mucous degeneration
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BMI. Strong positive correlation of HDS with 
BMI (R=0.599; p<0.001) and weight (R=0.696; 
p<0.001) was found (Figure 3B & 3C). 

DISCUSSION

This study investigated pathohistological altera-
tions of the lumbar IDs related to an increase of 
BMI in patients who required surgical intervention 
at the Cantonal Hospital Zenica. The distribution 
of patients indicated a slightly higher proportion of 
males in the study group. Elevated BMI has been 
identified as a risk factor for the development of 
symptomatic and clinically significant LDH and 
spinal canal stenosis (8,9). Also, the prevalence of 
LDH development was noticed to double in males 
than in females (ratio 2:1) (10).

Figure 3. Correlation between histopathological score (HDS) 
with: A) height (m), B) weight (kg), and C) body mass index 
(BMI) HDS, histopathological degenerative score;

Currently, investigations are focused on explo-
ring the association between LDH and socio-epi-
demiological factors in an effort to mitigate their 
impact and, consequently, prevent the onset of 
LDH (11,12). In this study most of the partici-
pants were between 50-59 years old, which is in 
accordance with data obtained from other studi-
es (8). The development of clinically significant 
LDH mostly occurs in patients 30 to 50 years old, 
usually at L4-L5 or L5-S1 level (13), which is in 
accordance of our finding.
Novel studies highlighted that obesity, especially 
with central distribution of fat (around the trunk), 
is closely related to the biomechanical changes 
that damage lumbar IVDs (14,15). This can affect 
the important functions of IVDs, such as their pro-
tective role in the transfer of loads and shock thro-
ugh the vertebral column and enabling the move-
ment of the vertebrae (16,17). Obese patients often 
take non-physiological body positions to compen-
sate for symptoms caused by obesity, such as dys-
pnoea and pain in the lumbar spine, which creates 
a heavy load on the bones and joints, especially in 
working active population (18,19). 
In everyday clinical practice, LDH is diagnosed 
and classified using imaging techniques, such as 
CT or MRI scan. To our knowledge, the research 
regarding histopathological changes in the IVDs 
are scarce and insufficient. Histopathological 
analysis of discs removed by posterior discec-
tomy investigated four important IDD characteri-
stics: structural changes (tears and fissures), cell 
density (proliferation of chondrocytes), mucosal 
degeneration and granular changes. These hi-
stopathological determinants resulted with de-
generative semi-quantitative score – HDS. The 
presence of tears and fissures was observed in 
26.9% of the BMI ≥25 group and 7.0% of the 
study group. On the other hand, in the study by 
Ammar et al. (16) scar tissue and vascularizati-
on/granulation tissue were observed in a much 
higher prevalence in obese patients (23.8%) but 
were not noted in the controls. The most common 
changes that were noted in all patients from the 
study group were tears/clefts and degenerated fi-
brocartilaginous stroma. 
Structural changes (the presence of scar tissue) 
were visible in 3.8% of the study group; granular 
changes were found in 30.8% and 7.0% in the 
controls, respectively. Our results also found a 
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