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ABSTRACT

Introduction: Intervertebral disc (IVD) degeneration (IDD) is one of the main causes of low back pain 
(LBP). Standardized diagnostic algorithms for adequate estimation and classification of changes of lumbar 
discs are mandatory before starting with therapy. 

Methods: One hundred patients who were indicated for lumbar magnetic resonance imaging (MRI) were 
included in the study. Pfirrmann grading system was used for the determination of IDD, while the visual 
analog scale (VAS) is used for evaluation of the intensity of LBP. To quantification of disability for LBP, we 
used the Oswestry Disability Index (ODI). 

Result: Results showed higher Pfirrmann grades II and III for L2/L3 and L3/L4 lumbar levels and lower 
scores at L4/L5 and L5/S1. The analysis also showed low scores at the L2/3 and L3/4 lumbar level for 
Pfirrmann grades IV and V, and there was an increased at more inferior lumbosacral levels L4/5 and L5/S1. 
There was a significant correlation between Pfirrmann grades and ODI (p = 0.24) as well as VAS (p = 0.16). 

Conclusion: Higher Pfirrmann grades correlated with increased ODI and VAS. Therefore, MRI can be used 
as a strong indicator of clinical appearance, but it is important to take into consideration that LBP should 
be correlated with clinical features. By summing Pfirrmann grades of all lumbar intervertebral levels in 
each patient, we can get more accurate insight for the status of the lumbar spine.
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INTRODUCTION
During their lifetime, 80% of adults suffer from 
low back pain (LBP), and it represents the most 

disabling condition worldwide (1). One of the 
most significant causes of LBP is intervertebral 
disc (IVD) degeneration (IDD). The IVD primary 
function is the transfer of weight that arises from 
body weight and muscle activity through the ver-
tebral column (2). Alterations in the architectonics 
and biochemical structure of the disc transform the 
capability of the discs to carry load and result in 
disc degeneration. Because IDD and other disorders 
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have a high impact on imaging modalities and 
health-care system, standardized diagnostic algo-
rithms for adequate estimation and classification of 
those degenerative changes of lumbar discs are man-
datory before therapy. A most important method for 
the clinical assessment of intervertebral pathology is 
magnetic resonance imaging (MRI). Characteristics 
of the disc signal in T2-weighted MRI images reflect 
changes caused by aging or degeneration (3-5).
Pfirrmann et al. proposed an MRI-based 5-point 
scale for the grading of IDD which is based on 
MRI signal intensity disc structure, the distinction 
between nucleus and annulus and disc height on 
T2-weighted mid-sagittal images (6). It is important 
to differentiate Grades IV and V because disc height 
is not a feature that makes a difference for the dis-
tinction of Grades I to IV. At T2-weighted mid-sag-
ittal fast spin-echo images, the homogeneity and the 
characteristics between nucleus and annulus being 
assessed (Grade I – Grade IV). Furthermore, Grade 
III and Grade IV may show a minor reduction of 
the disc height, while, in Grade V, the lumbar disc 
is collapsed.
Visual analog scale (VAS) is usually used for eval-
uation of the intensity of LBP. Even though there 
are many pain scales available, VAS is very often 
used due to reliability and validity, which is well 
established (7,8). VAS pain estimation relies on an 
acknowledgment of measures designed to quantify 
an aspect of pain. It should be taken into consid-
eration that the intensity of pain is very subjective. 
Due to that, it is challenging to quantitatively assess 
the intensity of pain only using VAS.
The Oswestry Disability Index (ODI) is one of 
the most often used outcome measures for quanti-
fication of disability for the LBP (9). The patient 
questionnaire consists of ten questions regarding 
the patient’s capability to cope with everyday life. 
The ODI can be independently applied and takes 
5 minutes to complete. Because it can be easy 
administrated, scored, and interpreted, ODI pro-
vides an important tool in clinical practice.
The purpose of this study is to evaluate the correla-
tion between Pfirrmann grades of IDD and two 
commonly used systems of pain intensity (VAS) and 
condition-specific measures for the estimation of 
outcomes in spinal pathologies (ODI). 

METHODS

Study participants
In this study, we included 100 patients who had 
scanned lumbar MRI. Every patient included in the 
study had a previous history of LBP without a his-
tory of spinal surgery. Patients who had scoliosis and 
evidence of vertebral fractures were also excluded 
from the study. The indications for the MRI were 
suspected disc herniation and LBP.

Imaging technique
All MR images of the lumbar spine were performed 
on a 1.5T MRI unit (Vantage Titan 1.5T, Canon 
Medical Systems, Otawara, Tochigi, Japan) in the 
Clinical Center University of Sarajevo. Routinely, 
imaging protocol includes sagittal T1-weighted fast 
spin-echo images (TR 502 TE 9.7) with the follow-
ing parameters: Matrix 512, field of view 250 mm, 
slice thickness 3.5 mm, interslice gap 10%, num-
ber of excitations 1; axial T2-weighted fast spin-
echo images (TR 3530 TE 96) with the following 
parameters: Matrix 512, field of view 250 mm, slice 
thickness 3.5 mm, interslice gap 10%, number of 
excitations 1.

Imaging evaluation
All MR images were analyzed on post-process-
ing workstation (IMPAX 6.5.2.114 2011, Agfa 
HealthCare N.V., Morsel, Belgium) by a radiologist 
with over 5 years of experience in musculoskeletal 
imaging. Concerning the higher frequency and ear-
lier occurrence of lumbar degenerative changes in 
the four motion segments, the readers were asked to 
grade the lumbar discs at lumbar levels L2/3, L3/4, 
L4/5, and L5/S1, respectively. In total, 400 lumbar 
discs were graded.

ODI
ODI was used for the assessment of functional sta-
tus. Before the examination, the supervising radiol-
ogist filled out a standardized questionnaire together 
with the patient. Between the questions regarding 
the intensity of pain, ability to stand, ability to care 
for oneself, the ability of lifting, ability to sit, ability 
to walk, sleep quality, social life, and ability to travel 
were prompted. The ODI is scored from 0 to 100% 
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and is interpreted as follows: 0–20%, minimal 
disability; 21–40%, moderate disability; 41–60%, 
severe disability; 61–80%, crippled; and 81–100%, 
bed-bound patients.

Statistical analysis
Statistical analysis was carried out using a com-
mercially available software package (IBM SPSS 
Statistics V23.0). For statistical analysis, we used 
that the Pearson correlation test was used for 
evaluation of the linear relationship between two 
continuous variables evaluation of the monotonic 
relationship between two continuous or ordinal 
variables, which was made using the Spearman cor-
relation test. Student’s t-test was used for testing a 
hypothesis based on a difference between sample 
means. Analysis of group data was made by the 
nonparametric Kruskal–Wallis test. In all statistical 
analyses, p < 0.05 was considered significant.

RESULTS
In this study, we included 100 patients, 35 males, 
and 65 females with a mean age of 47, 6 years. 
Overall, 400 lumbar discs at levels L2/3, L3/4, 
L4/5, and L5/S1 were analyzed in 100 patients. The 
frequency of Pfirrmann grades I was low at the L2/3 
(0.5%) and L3/4 (0.25 %) vertebral level. There 
was no Pfirrmann grade I change at level L4/5 and 
L5/S1. Pfirrmann grade II changes were higher at 
superior lumbar levels (L2/3 6% and L3/4 4.25%) 
than inferior lumbar levels (L4/5 2.25% and L5/S1 
1.75%) Pfirrmann grade III changes were higher 
at superior lumbar levels (L2/3 14.75% and L3/4 
12%) than inferior lumbar levels (L4/5 4.5% and 
L5/S1 6.25%). Pfirrmann grade IV were lower at 
the L2/3 (3.25%) and L3/4 (7.75 %), but increased 
at more inferior lumbosacral levels (L4/5 14.75% 
and L5/S1 10.75%). As well as Pfirrmann grade IV 

and Pfirrmann grade V showed lower scores at the 
L2/3 (0.5%) and L3/4 (0.75 %), but increased at 
more inferior lumbosacral levels (L4/5 3.5% and 
L5/S1 6.25%). The Pfirrmann grading of IVDs is 
shown in Table 1.
Graph 1 shows a significant correlation between 
the level of IDD and ODI (p = 0.022). There is a 
significant correlation between Pfirrmann grade 
and VAS (p = 0.001) and ODI (p = 0.043). Patients 
who had higher Pfirrmann grades had lower life 
quality and felt greater pain. Pfirrmann grades were 
also summed for all analyzed disc in each patient 
included in the study. Those Pfirrmann scores were 
correlated to ODI and VAS, and results showed a 
significant correlation between VAS (p = 0.16) as 
well as ODI (p < 0.24).
In terms of the ODI scores, patient’s disability had 
a minimum of 7% and a maximum of 91% with 
an arithmetic mean of 48.38 ± 18.76%. There 
was a statistical difference between the grade of 
disability in men (41.97 ± 19.18%) and women 

TABLE 1. Pfirrmann grades of disc degeneration for levels L2/3, L3/4, L4/5 and L5/S1 (number od discs) 
Lumbar level Pfirrman classification Total

I II III IV V
L2/3 n (%) 2 (2) 24 (24) 59 (59) 13 (13) 2 (2) 100
L3/4 n (%) 1 (1) 17 (17) 48 (48) 31 (31) 3 (3) 100
L4/5 n (%) 0 9 (9) 18 (18) 59 (59) 14 (14) 100
L5/S1 n (%) 0 7 (7) 25 (25) 43 (43) 25 (25) 100
Total n (%) 3 (0.75) 57 (14.25) 150 (37.5) 146 (36.5) 44 (11) 400

GRAPH 1. Box plot of the ODI and Pfirrman grades in the pres-
ent study showing a significant correlation (Spearman’s ρ-test, 
p = 0.022).
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(51.88 ± 17.62%). The largest group of patients 
(37.4%) had severe disability (41–60%).

DISCUSSION
LBP represents a frequent musculoskeletal disorder 
in all age groups around the world. Occurring preva-
lence is between 25% and 60% making it a frequent 
reason for activity restriction in people younger than 
50 years. Besides, more than 85% of all people have 
LBP at some time in their life (9-11). A large number 
of patients with LBP, despite imaging modalities such 
as MRI, remains without a specific diagnosis (12). 
Because almost all lumbar structures are plausible 
sources of LBP, it may serve as a possible cause (13,14). 
One of the main causes of LBP is IDD of the lumbar 
spine (15,16). The IVD is a compound of a fibrocar-
tilaginous structure made up of three distinct compo-
nents. Those are the nucleus pulposus, the annulus 
fibrosus, and the cartilaginous endplates. If any integ-
rity of those three structures is disturbed that it may 
result in a compromised function of the whole IVD 
which undergoes dynamic morphologic and cellular 
alterations with age and degeneration (17). Although 
the etiology is not fully described, it is considered that 
being overweight, frequent oscillations during driv-
ing, heavy physical loading, and driving have a great 
association with IDD (18-22). Studies have shown 
that by the age of 50 years, 85–95% of adults show 
evidence of degenerative disc disease postmortem 
(17). Because radiological features of IDD are uni-
versal, it generally remains uncertain to what extent 
these changes are accountable for the clinical symp-
toms of the patient. Taking into consideration the 
need for standardized nomenclature in the evaluation 
of IVD, Stelzeneder et al. introduced T2 mapping as 
a method (6). Pfirrmann et al. suggested a morpho-
logic grading system which is based on T2-weighted 
sagittal images (Figure 1) that showed a good interob-
server accuracy (6).
An analysis of the Pfirrmann grading revealed the 
prevalence of grades in the following percentages: 
I (0.75%), II (14.25%) III (37.5%), IV (36.5%), 
and Grade V discs (11%). These research discoveries 
suggest that our patients had more serious degen-
eration of lumbar discs in comparison with those 
reported in other studies (23-25). For all patients, 
we summarized all grades and correlated them with 

ODI and VAS test revealed a significant correla-
tion in the Pfirrmann grades, VAS (p = 0.16), and 
ODI (p = 0.24). So far, there is no study done in 
which the grades for all levels of the lumbar spine 
were summed up and used as one grade, final grade. 
By summing grades, we can get a clearer and bet-
ter assessment of the condition of the lumbar spine. 
This shows that the thesis has been confirmed with 
the correlation between ODI and VAS. 
A large number of patients presented in our study 
revealed a higher number of lumbar discs with 
Pfirrmann grades III and IV changes (14.25%, 
37.5%, and 36.5%) in comparison to lumbar 
discs with Pfirrmann grades II and V (14.25% and 
11%). Only 0.75% showed no degenerative changes 
in lumbar discs. This data clarify the difficulty to 
rate the clinical symptoms accurately based only 
on imaging findings. All structures are a possible 
cause of pain in the lower back, and therefore, it 
is necessary to consider everything. For that reason, 
we correlated IDD changes with ODI and VAS in 
this study. The results showed a strong correlation 
between sings of degeneration and ODI and VAS.
A limitation of the study was the number and age 
of study participants because Pfirrmann grade V 

FIGURE 1. Pfirrmann divided into Grades I (A), II (B), III (C), IV 
(D), and V (E).
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has difficulty distinguishing lumbar disc pathology 
in the elderly spine (mean age 47.5 years; range 
17.7–67.4 years). We have to take into consider-
ation that pain represents subjective experience, 
and it is affected by emotional, pathological, 
genetic, and cognitive elements. It is an accepted 
opinion that chronic LBP is a several factor disor-
der and cannot be circumscribed with one lumbar 
compartment.

CONCLUSION
IDD of the lumbar spine is accurately detected on 
MRI. The Pfirrmann grading system can easily be 
formed. By summarizing Pfirrmann grades for each 
intervertebral level, we can get a more accurate insight 
into the condition of the lumbar spine. These find-
ings are backing statement that clinical findings are 
adjunct and requests for adequate clinical approach 
with patients who have LBP. Further, investigation 
on a larger population sample is needed.
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