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Abstract
Introduction. Magnetic resonance imaging (MRI) is the preferred method for diagnosing the 
causes of lumboischialgia, as it off ers the highest sensitivity and specifi city compared to other 
imaging techniques. In clinical practice, there is often a notable discrepancy between patients’ 
clinical symptoms and the radiological fi ndings. While there are various clinical tests for lum-
boischialgia, the Oswestry Disability Index (ODI) and the Visual Analogue Score (VAS) are the 
most commonly used and reliable. This article aims to explore the correlation between patients’ 
subjective pain experiences and their level of disability due to lumboischialgia and disc hernia-
tion as detected by MRI.

Methods. In this prospective clinical study, a total of 100 patients of both genders, aged 18 to 
65 years, were included. These patients were referred for magnetic resonance imaging of the 
lumbar spine due to complaints of lumboischialgia. MRI of the lumbar spine was performed, and 
the extent of degenerative changes was evaluated. Participants completed a questionnaire re-
garding their subjective pain experience and functional status, and the Oswestry Disability Index 
(ODI) and Visual Analogue Score (VAS) were calculated.

Results. The statistical analysis revealed a signifi cant correlation between the severity of disc 
herniation (classifi cation) and the intensity of spinal pain (p = 0.010), as well as with the disa-
bility index (p = 0.003).

Conclusion. A statistically signifi cant relationship was confi rmed between the levels of pain and 
disability and the degree of intervertebral disc herniation observed on MRI images of the lumbar 
spine.
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INTRODUCTION

Back pain is one of the most prevalent cli-
nical conditions among middle-aged indivi-
duals, aff ecting over 85% of the global po-
pulation at least once in their lifetime. This 
condition is a leading cause of visits to family 

medicine practitioners, work absenteeism, 
and high healthcare costs. It signifi cantly im-
pacts quality of life, often leading to anxiety, 
depression, and other psychosomatic chan-
ges, particularly in cases of chronic pain. 
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Back pain encompasses a range of spinal 
disorders that are among the most common 
ailments in modern society. Epidemiological 
data indicate that between 50% and 80% of 
adults will experience low back pain (lumbar 
syndrome) at some point in their lives. Alt-
hough low back pain can occur at any age, 
it is most prevalent between the ages of 35 
and 55, aff ecting both sexes equally. After 
menopause, women are somewhat more li-
kely to experience it, and during pregnancy, 
between 49% and 76% of women report 
low back pain. It is the leading cause of di-
sability in adults under 45 and ranks third 
among those over 45. Approximately 5% of 
men and 2.5% of women suff er from sciati-
ca, with pain most commonly localized in the 
lumbar or cervical spine. Back pain serves as 
a symptom rather than a standalone disea-
se, with a wide range of potential causes—up 
to 150 diff erent factors are noted. The most 
common cause is degenerative changes in 
the intervertebral discs and the small joints of 
the vertebrae. Lumbar disc herniation occurs 
when disc material is displaced beyond the 
normal boundaries of the intervertebral spa-
ce, leading to pain, weakness, or tingling 
in specifi c dermatomes or myotomes. This 
condition typically aff ects the L4-L5 and L5-
S1 levels, causing pain that can radiate to 
the gluteal region, down the back of the leg, 
across the top of the foot, and into the big 
toe if originating from the L5 nerve root. If 
stemming from the S1 nerve root, the pain 
may travel along the gluteal area, down the 
back of the leg, to the heel, lateral side of 
the foot, and into the little toe. This type of 
pain is particularly challenging due to its high 
incidence and chronic nature. Magnetic re-
sonance imaging (MRI) is the preferred dia-
gnostic tool for identifying the causes of lum-
boischialgia, owing to its superior sensitivity 
and specifi city compared to other imaging 
methods. MRI provides detailed anatomical 
visualization and eff ectively highlights pat-
hologies, particularly in soft tissues, without 
the use of ionizing radiation. In addition to 
radiological techniques, various clinical tests 
are employed to evaluate and diagnose the 
patient’s condition. The Oswestry Disability 

Index (ODI) and the Visual Analogue Score 
(VAS) are the most commonly used and re-
liable tools. These assessments include que-
stions about the intensity of lumbar pain and 
the impact on nine daily activities (such as 
personal care, lifting, walking, sitting, stan-
ding, sleeping, sexual activities, social life, 
and travel). Several studies have explored 
the relationship between radiological fi ndin-
gs and patient symptoms related to lumbar 
pain; however, many had methodological 
limitations, often relying on retrospective 
symptom descriptions without standardized 
approaches. Utilizing standardized tools, like 
ODI and VAS, has improved the accuracy and 
reproducibility of symptom assessments.

The aim of our study was to determine 
whether there is a correlation between pa-
tients’ subjective pain experiences and their 
level of disability related to lumboischialgia 
and disc herniation, as detected by MRI.

METHODS

Patients and Study Design

Following approval from the Ethical Com-
mittee (0302-56/13) of the University Cli-
nical Center of Sarajevo, this research was 
conducted as a randomized prospective stu-
dy from 2021 to 2023 at the Radiology Clinic 
of the University Clinical Center of Saraje-
vo. The study included 100 patients of both 
genders, aged 18 to 65, who presented a 
clear clinical picture of lumboischialgia and 
were referred for MRI. Medical documenta-
tion provided insights into clinical fi ndings 
(from neurologists, orthopedists, or neuro-
surgeons), laboratory results, and demo-
graphic data.

Patients were excluded if they did not have 
a confi rmed clinical diagnosis of lumboischi-
algia, had undergone prior spinal surgery, 
had other conditions aff ecting the clinical 
presentation (such as post-stroke status, 
amputations, or severe diabetes with neu-
ropathy), or if their symptoms were due to 
other pathological processes in the lumbar 
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spine (including infl ammatory processes, tu-
mors, or trauma) rather than degenerative 
changes. Additionally, patients with incom-
plete medical records or those who declined 
to participate were not included.

Methods

All eligible patients underwent an MRI scan 
of the lumbar spine while lying supine, with 
a pillow placed under their knees, using an 
appropriate spinal coil. No prior preparation 
was required, and no intravenous contrast 
medium was administered.

MRI was performed using 1.5 Tesla 
machines (Magnetom Avanto, Siemens; 
Toshiba Titan; GE Signa Exite). A standard 
protocol was employed for the lumbosacral 
region, including T1 and T2 turbo spin echo 
(TSE) sequences in sagittal orientation, T2 
TSE in coronal orientation, fat-suppressed 
T2 trim in sagittal, and axial T1 and T2 TSE 
sequences.

The MRI scans were analyzed for lumbar 
disc herniation, using Jensen’s and MSU cla-
ssifi cation systems. Jensen’s classifi cation 
divides disc herniation into four categories:

1. Bulging: Minor bulging of the disc wit-
hout disruption of the annulus fi brosus.

2. Protrusion: Larger disc bulge with par-
tial annulus fi brosus defect.

3. Extrusion: Complete rupture of the 
annulus fi brosus and posterior longitu-
dinal ligament.

4. Sequestration: The central part of the 
disc breaches the annulus fi brosus and 
enters the spinal canal.

Using the MSU classifi cation, we determined 
the size and location of the herniations ba-
sed on a single measurement at the point of 
greatest extrusion, at the level of the intra-
facet line (a transverse line joining the me-
dial edges of the right and left facet joints).

The size of the herniated disc was categori-
zed as follows:

1. A herniation extending to or less than 
50% of the distance from the posterior 
aspect of the normal disc to the intrafa-
cet line.

2. A herniation extending more than 50% 
of that distance.

3. A herniation that fully exten-
ds beyond the intrafacet line.
In cases of caudal or cranial (maximal) 
extrusions, the measurement was taken 
from the posterior edge of the vertebra 
instead of the disc.

Three points (A, B, and C) were marked 
along the intrafacet line to quantify the 
location of the disc herniation. Vertical lines 
were drawn through these points to defi ne 
the right and left central quadrants (Zone 
A) and the right and left lateral quadrants 
(Zone B). Zone C was identifi ed at the level 
of the foramen, extending beyond the me-
dial margin of any facet joint into the lateral 
quadrants.

In addition to MRI scans, all patients comple-
ted a questionnaire regarding their subjec-
tive pain experience and functional status, 
allowing for the calculation of ODI and VAS 
scores. VAS scores were reported on a sca-
le from 0 to 10, where 0 indicates no pain, 
5 indicates moderate pain, and 10 signifi es 
unbearable pain. The total ODI points were 
divided by 50 and multiplied by 100 to yi-
eld a percentage of disability, categorized as 
follows: 0-20% (minimal disability), 21-40% 
(moderate disability), 41-60% (severe di-
sability), 61-80% (disabled), and 81-100% 
(immobile or exaggerating symptoms).

Statistical Analysis

All collected data were statistically analyzed 
using SPSS software, version 16. Descrip-
tive statistics were calculated, including 
arithmetic means, medians, standard de-
viations, and standard errors. The degree of 
correlation was assessed using the Pearson 
or Spearman correlation coeffi  cients, with a 
signifi cance level set at p < 0.05.
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RESULTS

The most signifi cant disc herniations among 
the patients examined were observed at the 
L4–L5 (47%) and L5–S1 (39%) levels, with 
only 3% of patients having no hernia (Figu-
re 1). The most common type of herniation 
was protrusion (73%), while arch tension 
and extrusion were somewhat less frequ-
ent; sequestration was not detected in the 
analyzed group.

The study results indicated a signifi cant 
correlation between the severity of disc her-
niation (classifi cation) and the intensity of 

spinal pain (p = 0.010), as well as the disa-
bility index (p = 0.003). Patients with extru-
sion reported the highest pain levels (mean 
VAS = 8; ODI = 50%), while those with arch 
tension reported the least pain (mean VAS 
= 6; ODI = 32%) (Figure 2).

Nerve compression was confi rmed in 48% 
of the patients, with no signifi cant gender 
diff erence (p = 0.678). Patients with ob-
served compression on MRI reported gre-
ater pain levels. Compression was more 
frequently noted on the left side (33.3%), 
followed by the right side (38.6%), bilate-

Figure 1. Proportion in the total number of patients: (left) location of disc herniation; (right) classification of herniated disc

Figure 2. (left) Back Pain Intensity (VAS) and (right) Disability Index (ODI) depending on disc herniation classification
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rally (14.0%), and somewhat less often on 
the dural sac (14.0%). There were no signi-
fi cant diff erences in VAS and ODI scores ba-
sed on the sites of compression (Figure 3). 
However, there was a signifi cant diff erence 
in spinal pain intensity (p = 0.006) and di-

with the MSU grade and severity of her-
niation (ranging from mildest 1-A to most 
pronounced 3-AB). The quantile plots illu-
strated a clear positive correlation between 
these variables (Figure 6), with signifi cant 
fi ndings for both VAS (p = 0.006) and ODI 
(p = 0.001)

Figure 3. (left) Back Pain Intensity (VAS) and (right) Disability Index (ODI) depending on the presence of nerve compression.

The most common MSU grade among pati-
ents (Figure 5) was 2-AB (34.3%), indica-
ting a size 2 hernia that extends both cen-
trally (A) and laterally (B). Older patients 
exhibited higher MSU grades (p = 0.002), 
as shown in the quantile plot (Figure 5).

VAS and ODI scores correlated positively 

Figure 4. (left) Back Pain Intensity (VAS) and (right) Disability Index (ODI) depending on the compression site.

sability index (p = 0.001) between patients 
with nerve compression and those without.

No signifi cant diff erences were found in spi-
nal pain intensity (p = 0.957) and disability 
index (p = 0.358) concerning the location of 
foraminal stenosis (Figure 4).
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DISCUSSION

Lumbar pain is among the most prevalent 
musculoskeletal disorders encountered in cli-
nical practice, aff ecting an estimated 25% to 
60% of individuals, making it a leading cause 
of disability and work inability in those under 
50. Nearly 80% of people globally experience 
this condition at least once in their lifetime, 
with intervertebral disc changes, particularly 
herniation, being the most common source 
of lower back pain (15, 16). Our study aimed 
to investigate the relationship between MRI 
fi ndings of intervertebral disc herniation in 

Figure 6. (left) Back Pain Intensity (VAS) and (right) Disability Index (ODI) depending on MSU grade of disc herniation.

Figure 5. (left) Frequency of different MSU grades in the examined group of patients and (right) dependence of age on MSU grade.

the lumbar spine and the clinical symptoms 
of patients, assessed using the ODI index 
and VAS score. Pain is a highly subjective 
experience that can vary signifi cantly among 
patients, regardless of MRI results. Various 
factors can infl uence the perception of pain 
in individuals with lumboschialgia. Herniated 
intervertebral discs are frequently implicated 
in lumbar pain, with the L4-5 level showing 
the highest incidence of degenerative chan-
ges (47%), followed by L5-S1 (39%), and 
only 3% of patients lacking disc herniation. 
These fi ndings align with previous studi-
es (17, 18, 19). Bajpai et al. reported that 
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36% of patients had L4/L5 intervertebral 
discs involved in herniation, while only 3% 
were aff ected at the L1/L2 level (18). The-
se fi gures are consistent with Modic et al.’s 
fi ndings of 43% at L4/L5, echoing results 
from Garrido (20, 21). Protrusion was the 
most common type of herniation, observed 
in 73% of patients, while arch tension and 
extrusion were less frequent. Our study de-
monstrated a signifi cant correlation between 
the severity of disc herniation (classifi cation) 
and the intensity of spinal pain (p = 0.010), 
as well as the disability index (p = 0.003). 
Patients with extrusion reported the highest 
pain levels (mean VAS = 8; ODI = 50%), 
while those with arch tension reported the 
lowest (mean VAS = 6; ODI = 32%). These 
fi ndings diff er from those of Corniola et al. 
and Bajpai et al. (18, 22). El-Hady et al. ob-
served protrusion in 48% of examined discs, 
with extrusion and sequestration occurring 
in 6.5% of cases, and only 13% displaying 
normal morphology (23). In our study, we 
evaluated functional disability using the ODI 
index, fi nding the highest scores among pa-
tients with extrusion (ODI = 50%) and the 
lowest among those with arch tension (ODI 
= 32%). The ODI questionnaire has been 
shown to be both reproducible and valid for 
assessing disability in lumboschialgia pati-
ents (24, 25). Dunsmuir found no signifi cant 
correlation between disc prolapse size or 
location and patient symptoms, arguing that 
patient symptoms should guide therapy cho-
ices (26). El-Hady emphasized that clinicians 
should not rely solely on MRI fi ndings for dia-
gnosing lumboschialgia, noting the multifac-
torial nature of lower back pain and a lack 
of correlation between MRI fi ndings and pain 
intensity, contrary to our results. While we 
found a relationship between the ODI index 
and MRI fi ndings, El-Hady suggested the ODI 
primarily serves to enhance patient confi den-
ce and minimize unnecessary tests (23). We 
concur with Beattie et al. that disc extrusion 
is closely associated with symptoms, noted 
in 13% of our extrusion group (27).

Our results are somewhat inconsistent with 
existing literature. Some studies indicate 
that ODI scores are not signifi cantly infl uen-

ced by the level of spinal changes or the de-
gree of stenosis. Conversely, Sigmundsson’s 
studies found a correlation between increa-
sed MRI intervertebral changes and elevated 
ODI scores, suggesting potential utility in 
diagnosing lumbar spinal stenosis (28, 29, 
30). In our cohort, 48% of patients exhibi-
ted nerve compression, more frequently on 
the left than the right, with 14% experien-
cing bilateral compression and another 14% 
having dural sac compression. Patients with 
nerve compression reported signifi cantly 
greater back pain intensity (p = 0.006) and 
a higher disability index (p = 0.001) com-
pared to those without. No signifi cant diff e-
rences in pain intensity or disability were 
observed based on the location of foraminal 
stenosis (p = 0.957; p = 0.358). These fi n-
dings align with Bajpai et al., who noted ra-
diculopathy in 54% of patients, distributed 
evenly between sides, and six with bilateral 
radiculopathy (18). Vroomen and colleagues 
reported a higher rate of nerve compression 
at 67% (31). Hirsch et al. found a strong 
association between neurological symptoms 
and disc herniation, with 86% of patients te-
sting positive for the Lesegue sign (32).

Utilizing the MSU classifi cation for herniated 
discs, we analyzed both the size and locati-
on of hernias. The predominant MSU grade 
among patients was 2-AB (34.3%), indica-
ting a size 2 hernia extending both centrally 
(A) and laterally (B). We identifi ed a correlati-
on between the MSU grade of disc herniation 
and patient age (p = 0.002), consistent with 
fi ndings from Ma et al. and Howard et al. (33, 
34). Our results demonstrated that VAS and 
ODI scores correlate with the ordinal varia-
ble linking MSU grade and herniation severity 
(from mildest 1-A to most severe 3-AB). A 
positive correlation was found between VAS 
(p = 0.006) and ODI scores (p = 0.001).

Hosseini et al. sought to evaluate MSU cla-
ssifi cations for better patient selection for 
ozone therapy, noting older patients exhi-
bited higher MSU grades, which aligns with 
our fi ndings. The mean initial VAS score 
across all patients was 7.5 ± 0.8, and the 
average initial ODI score was 48% ± 1%. 
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While all groups showed improvement post-
therapy, statistically signifi cant diff erences 
were noted in the magnitude of improve-
ment. Group 2-AB demonstrated the least 
pain reduction and improvement in ODI 
scores, possibly due to the larger size of 
hernias in that cohort (35). Mysliwiec et al. 
found that one year post-surgery, 71 of 75 
patients in MSU groups 2-A and 2-B repor-
ted excellent outcomes, while only 3 of 6 
patients in group 2-C did (12).

Janardhan et al. aimed to correlate MRI ab-
normalities with clinical characteristics of 
lumbar prolapse, fi nding that centrolateral 
bulging or extrusion with signifi cant forami-
nal damage closely aligned with clinical si-
gns and symptoms, whereas central bulging 
and disc arc tension showed poor correlati-
on. They concluded that foraminal damage 
plays a crucial role in determining clinical 
outcomes, while the type of herniation (bul-
ging, extrusion, or protrusion) has a weaker 
association (36).

Our study has limitations. We did not acco-
unt for other important independent varia-
bles that could infl uence our results, such 
as weight, height, BMI, education level, 
smoking habits, and lumbar spine strength 
and fl exibility. We also did not assess patient 
physical activity levels, despite literature in-
dicating a strong connection between se-
dentary lifestyles and back pain, with mode-
rate physical activity linked to reduced pain 

(37, 38). Additionally, we did not examine 
whether sensory defi cits correlated with 
lumbar disc prolapse and nerve root com-
pression. Addressing these factors could en-
hance our understanding of the results.

CONCLUSION

VAS and ODI scores correlate with an ordi-
nal variable that connects MSU grade with 
the severity of herniation.
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