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ABSTRACT 
Background 
Low back pain is a common medical condition and is a major health and economic problem. Intervertebral 
disc degeneration grading is crucial in the evaluation of many degenerative spine conditions including low 
back pain.MRI is considered the best imaging technique to evaluate intervertebral disc degenerative changes. 
Back pain is the most common indication for imaging of the spine. A morphologic Pfirrman grading system is 
commonly used to classify spinal degenerative changes ( intervertebral discs & nerve roots).
Objectives 

The aim of this study was to evaluate the degree of independent interobserver agreement using Pfirrman 
classification in the assessment of disc degenerations and nerve root compromise.

Patients and Methods
This study was conducted in Sulaimani, Kurdistan Region, Iraq at the diagnostic imaging center in Sulaimania 
during the period of 21st April 2015 to 21st October 2015 for 50 patients with low back pain. The same images 
were interpreted by two radiologists independently for grades of disc degeneration and nerve root compromise 
using Pfirrmann classification system, up to the authors’ knowledge this is the first study in the Kurdistan 
Region that depends on interobserver agreement regarding MRI interpretations concerning degenerative 
lumbar spine changes.

Results
The interobserver agreement in our study for Pfirrman grades of disc degeneration and nerve root compromise 
was moderate with Kappa values of (K= 0.431) and (K=0.417) respectively.

Conclusion
Pfirrman classification system is reliable and provides a standardized assessment of lumbar intervertebral disc 
and nerve roots.
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INTRODUCTION 
Low back pain (LBP) is a common medical condition, 
and is a major health and economic problem in the 
industrialized world. Back pain is the most common 
indication for imaging of the spine. Most common 
causes of back pain are those relating to degenerative 
changes in the intervertebral discs and facet joints (1).
Low back pain is defined as pain and discomfort, 
localized below the costal margin and above the 
inferior gluteal folds, with or without referred leg pain. 
In these guidelines, chronic low back pain is defined as 
low back pain persisting for at least 12 weeks, unless 
specified otherwise (2).

The major components of the intervertebral disc are 
the nucleus pulposus, the annulus fibrosus and the 
cartilaginous endplates. In adults, the nucleus pulposus 
is hyperintense on T2-weighted scans and has distinct 
boundaries with the annulus fibrosus. The outer ring is 
made of type 1 collagen and is hypointense on MRI; 
the inner ring is made of type 2 collagen with more 
proteoglycan and fluid, and is hyperintense on MRI, 
indistinguishable from the nucleus pulposus. In youth, 
the water content of the nucleus pulposus is as high as 
80%, although this decreases with age. On MRI the 
relative signal intensity of the disc varies with water 
content (3). In adults a septum-like structure can be seen 
to transect the middle of the nucleus pulposus in the 
horizontal plane. On T2-weighted images of the normal 
lumbar discs there is often a linear area of reduced 
signal traversing the center of the nucleus from anterior 
to posterior on sagittal views -the so-called intra nuclear 
cleft. It is not the case in pediatric age group (3, 4).

During degeneration there are a variety of 
morphological changes that occur, including loss of 
both height and hydration of the disc (5). It had been 
shown that a drop in water content of nucleus pulposus 
and matrix turnover are related to the age and grade 
of degeneration (6). Magnetic resonance imaging (MRI) 
is the most important method for clinical assessment 
of intervertebral disc pathology (7). The signal 
characteristics of the disc in T2-weighted MRIs reflect 
changes caused by aging or degeneration (8, 9, 10).

Pfirrmann et al. (2001) classification system is the 
dominant MRI classification system used for MRI 
lumbar spine degenerative changes assessment. The 
Pfirrmann grading system, as a noninvasive, simple, 
and convenient MR imaging method, can provide 
a morphologic and semi quantitative evaluation of 
intervertebral disc degeneration in vivo (8). This 
system has been cited more than twice as many times 

as any other system. Additionally, only Pfirrmann 
classification has been cited by NIH (National Institutes 
of Health) funded studies since 2008 and appears to 
have been widely accepted for MRI (11).

The aim of the study is to evaluate the degree of 
independent inter observer agreement using pfirrman 
classification in assessment of disc degenerations and 
nerve root compromise. 

PATIENTS AND METHODS
This prospective study was conducted in Sulaimani, 
Kurdistan Region, Iraq in the period between 21st April 
2015 to 21st October 2015 at the Diagnostic Imaging 
Center of Sulaimania Teaching Hospital , up to the 
authors knowledge this is the first time to conduct such 
study in our Kurdistan region.

MRI examinations of lumbar spine of 50 patients, 17 
males (34%) and 33 females(66%) containing a total 
of 250 intervertebral discs, were included in this 
prospective study. Patients were referred to MRI unit 
at the diagnostic imaging center because of chronic low 
back pain. The age of the patients was ranging from 24-
72 years; the mean age was 45.1 years (+/- 13.52 SD).

All images were acquired with 1.5-T (Tesla) MRI 
system (SIEMENS MAGNETOM Symphony Version) 
(Syngo MRI 2004A) using (CP Spine Array Coil). All 
patients were examined in supine position, the imaging 
protocols included in our study are shown in table1. 

Two specialist radiologists interpreted the images, 
both with a long experience, independently (i.e.) both 
observers were unaware of each other’s findings, this is 
the first study done in our region that depend on inter 
observatory agreement regarding MRI interpretations 
concerning degenerative spine changes.

Both of them depended on Pfirrmann classification 
regarding intervertebral disc findings and nerve roots 
compression. Pfirrmann grading for interverbral discs 
is performed on T2-weighted mid sagittal images, as 
shown in Table 2 and Figure 1. The Pfirrman grading 
system used for lumber nerve roots compression 
assessment consists of four grade categories, which are 
summarized in table 3 and figures 2, 3, 4 & 5.

The study variables that are used in our study are shown 
in Table 4, all the variables were recoded separately for 
all lumbar segments (from L1-L2 to L5-S1). 

Those patients that have MRI findings of acute spinal 
infection, recent trauma, tumors, spinal dysraphism, 
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and previous spinal surgery were excluded from this 
study to retain some homogeneity of the study.

The findings of both observers were recorded on 
Microsoft® Excel 2010 program. Interobserver 
agreement between the two radiologists was calculated 
by Cohen’s Kappa Coefficient (14), using IBM® SPSS® 
(Statistical Package for the Social Sciences) Statistics 
21.The kappa is a popular index of agreement 
for categorical rating. It ranges from -1 to +1, an 
agreement is all the best when the kappa is closer to +1 
(17). Interpretation of kappa was done as proposed by 
Cohen according to the following:

≤ 0 Less than chance agreement
0.01-0.20 Slight agreement
0.21- 0.40 Fair agreement
0.41-0.60 Moderate agreement
0.61-0.80 Good agreement
0.81-0.99 Almost perfect agreement. (15)

Table 1. Sequences for 50 MR Imaging Examinations.

Pulse Sequence Repetition Time 
(msec)

Echo Time 
(msec)

Field of View 
(mm)

Section 
Thickness (mm)

Localizer 24 6 400 10

Sagittal T2-weighted 4000 116 300 4

Sagittal T1-weighted 542 10 300 4

Axial T2-weighted* 4000 116 188 4

Axial T1- weighted* 470 14 188 4

Sagittal myelography 8000 1200 280 5

Coronal myelography 6000 281 270 5

     * Parallel to disc plane.

Table 2. Pfirrmann Classification of disc degeneration (12).

Grade Structure

Distinction
of nucleus and 

anulus
Signal

intensity

Height of
intervertebral

disc

I Homogeneous,bright 
white Clear

Hyper intense,
isointense to
cerebrospinal

fluid

Normal

II
Inhomogeneous
with or without 

horizontal bands
Clear

Hyper intense,
isointense to

CSF
Normal

III Inhomogeneous,
gray Unclear Intermediate

Normal to
slightly

decreased

IV Inhomogeneous,
gray to black Lost

Intermediate
to

hypo intense

Normal to
moderately
decreased

V Inhomogeneous,
black Lost Hypo intense Collapsed disc

space
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Table 3. Pfirrmann grading system of intraspinal extradural 
 lumbar nerve root compression (13) .

Grade Compromise

Grade 0
normal

There is no evident contact of disc material with the nerve root,
and the epidural fat layer between the two is preserved. The
nerve root has a normal position (Fig. 2).

Grade 1
(contact)

There is visible contact of disc material with the nerve root,
and the normal epidural fat layer between the two is not
evident. The nerve root has a normal position, and there is no
dorsal deviation (Fig. 3).

Grade 2
(deviation) The nerve root is displaced dorsally by disc material (Fig. 3).

Grade 3
(compression)

The nerve root is compressed between disc material and the
wall of the spinal canal; it may appear flattened or be
indistinguishable from disc material (Fig. 4).

Figure 1. Pfirrmann Grading system for the assessment of lumbar disc degeneration.  
A- grade I, B- grade II, C- grade III, D- grade IV, E- grade V (12). 



Inter-Observer Agreement in MRI Assessment of Lumber Intervertebral Discs... 

  JSMC  229

Figure 2. Grade 0, diagram (left) and transverse T2-weighted MR image (right) shows 
no compromise of the nerve root. A normal epidural fat layer (black arrowheads) is 

visible between the nerve root (arrows) and the disc material (white arrowheads) (13) .

Figure 3. Grade 1, diagram (left) and transverse T2-weighted image (right) shows contact of disc 
material (arrowheads) with the right nerve root (arrow). No epidural fat layer is visible between 
the nerve root and the disc material. The nerve root is in the normal position and is not dorsally 

deviated (13).
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Table 4. Study variables

Main Variable Type Category

Pfirrmann 
Classification

Signs of disc degeneration
(Fig. 1)

grade I

grade II

grade III

grade IV

grade V

Intraspinal extradural lumbar
nerve root Nerve root 

compromise
(figures 2, 3,4 & 5)

Grade 0 (normal)

Grade 1 (Contact)

Grade 2 (Deviation)

Grade 3 (Compression)

Figure 5. Grade 3, diagram (left) and transverse T2-weighted image (right) shows compression of 
the right nerve root (arrow) between disc material (arrowheads) and the wall of the spinal canal. 

The nerve root appears flattened and is indistinguishable from disc material (13).

Figure 4. Grade 2, diagram (left) and transverse T2-weighted image (right) 
shows dorsal deviation of the right nerve root (arrow), caused by contact 

with disc material (arrowheads)(13).
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RESULTS
The age of the patients was ranging from 24-72 years, 
the mean age was 45.1years (+/- 13.52 SD). The age 
incidence in our study is shown in table (5), while 
sex distribution of the patients in our study consists 
of 33 females (66%) and 17 males (34%). It is shown 
graphically in figure (6).

Table (6) shows the findings of (Pfirrmann’ grades for 
disc degeneration and nerve root compression) reported 
in 50 MRIs by the 2 radiologists independently .

Pfirrmann grades I and II intervertebral discs are 
normal while types II -V are degenerated (19).

Normal Intervertebral discs (grade I and II) were most 
frequently seen at L1-2 level (31.8 %) with grade II 
being the majority (84 %), Figure (7).

The incidence of disc degeneration (grade III-V) was 
most frequent at L4-5 level (23.2 %) and least frequent 
at L1-2 level (15.5 %), Figure (8).

Incidence of various Grades of IVD degeneration at 
each lumbar level is shown in figure (9).

Among all 3 abnormal grades (3-5); Grade 3 was the 
most common type (48.6 %), Figure (10).

The incidence of nerve root compression (grade 1-3) 
was most frequent at L4-5 level (34.85 %) and is shown 
graphically Figure (11).

Among all grades of nerve compromise (1-3) grade 1 
(contact) was most frequent (54.7 %), Figure ( 12).

Interobserver agreement: The interobserver agreement 
for disc degeneration (Pfirrmann grades) was moderate 
(k = 0.431) (P value < 0.0001), Table (7).

Agreement between different grades of degeneration is 
shown in the Table (8).

The interobserver agreement for nerve root compromise 
was moderate (k = 0.417) (P value < 0.0001), Table (9).

Agreement between different grades of nerve root is 
summarized in Table (10).

Table 5 . The age distribution of the cases in our study

Age Frequency Percentages

21 - 30 Years 8 16 %

31 - 40 Years 12 24 %

41 - 50 Years 13 26 %

51 - 60 Years 8 16 %

71 - 80 Years 2 4 %

Figure 6. Gender of patients in our study.
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Figure 7. Frequency of normal IVD s (grade I and II) at each level.

Figure 8. Incidence of disc degeneration at each lumbar level.

Table 6. Findings of disc degeneration & nerve roots compression according to  
Pfirrmann classification was reported by the two radiologist.

MRI Variables Number of finding (per 100 reports*)

Levels L1-2 L2-3 L3-4 L4-5 L5-S1

Pfirrmann’s 
score (Disc 
degeneration)

I 7 3 3 5 4

II 37 26 19 11 23

III 28 41 44 27 36

IV 25 28 27 54 30

V 3 2 7 3 7

Nerve root 
compromise

Grade 0 (normal) 89 69 40 16 45

Grade 1 (contact) 9 23 33 34 33

Grade 2 (deviation) 2 8 19 26 9

Grade 3 (compression) 0 0 8 24 13

      * Number of reports was 100 (50 images interpreted by two radiologists).
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Figure 9. Incidence of various Grades of IVD degeneration at each lumbar 
level.

Figure 10. Frequency of various grades of disc degeneration.

Figure 11. Incidence of nerve root compromise at each level.
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Table 7. Interobserver agreement for grades of disc degeneration.

Disc degeneration Reader A Kappa P value

Reader B

I II III IV V Total

0.431 < 0.0001

I 0 1 0 0 0 1

II 20 24 19 1 0 64

III 1 27 48 27 2 105

IV 0 0 4 62 5 71

V 0 0 0 3 6 9

Total 21 52 71 93 13 250

Table 8. Influence of Category (Grades I to IV) on Interobserver  
reliability for disc degeneration

Grades Interobserver agreement

Kappa value P value

Agreement in one grade
difference level
Grades I and II 0.044 0.37

Grades II and III 0.191 0.037

Grades III and IV 0.568 < 0.0001

Grades IV and V 0.54 < 0.0001
Agreement in two grades
difference level
Grades III and V 0.837 < 0.0001

Grades II and IV 0.972 < 0.0001
Agreement in three grades
difference level
Grades II and V 1.00 < 0.0001

Figure 12. Frequency of nerve root compromise according to type.
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Table 9. Interobserver agreement for nerve root compromise.

Nerve Root Reader 
Kappa P value

Grade 0 Grade I Grade II Grade III Total

Reader B

Grade 0 94 55 5 2 156

0.417 < 0.0001

Grade I 8 19 18 3 48

Grade II 1 8 10 4 23

Grade III 0 2 8 13 23

Total 103 84 41 22 250

Table 10. Influence of Category (Grades 0 to III) on Interobserver  
reliability for nerve root compromise.

Grades Interobserver agreement

Kappa value P value

Agreement in one grade
difference level

Grades 0 and I 0.195 < 0.0001

Grades I and II 0.249 0.03

Grades II and III 0.318 0.053

Agreement in two grades
difference level

Grades I and III 0.732 < 0.001

DISCUSSION 

Magnetic resonance imaging (MRI) is the most 
important method for the clinical assessment of 
intervertebral disc pathology and degenerative spinal 
disease. The signal characteristics of the disc in T2-
weighted MRIs reflect changes caused by aging or 
degeneration (12, 16). The current study, algorithm & 
grading system are based on MRI signal intensity 
, disc structure, disc height & distinguishing disc 
nucleus from its annulus. Disc height is crucial for 
discrimination between grade IV & V discs while 
not in grades III & IV. The changes in the vertebral 
body marrow adjacent to the intervertebral disc are 
not included in this study. The signal loss of the disc 
on T2-weighted MRIs correlates with the progressive 
degenerative changes of the intervertebral disc (13). 

This inter observer agreement was done for the first 

time in our region regarding MRI interpretation 
concerning degenerative lumber spine changes at 
Diagnostic Imaging Center in Sulaimani for 50 patients 
with low back pain. The same images were interpreted 
independently by two radiologists for grades of disc 
degeneration and nerve root compromise.

The interobserver agreement in our study for grades 
of disc degeneration was moderate (k= 0.431) this is in 
concordance with a study done by (Arana et al. 2010) 
(17) in which agreement was moderate (k= 0.491). A 
study done by (F. M. Kovacs et al. 2009) (18) showed 
fair agreement (k = 0.219), while our study showed 
moderate agreement. This is possibly due to:

1- The MRI machine: they used an open 0.2T (Tesla) 
system [18] , while our MRI was closed 1.5T system.

2- Number of the radiologists was two and were 
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working in the same center in our study, while they 
were seven radiologists from two different geographic 
settings in Spain (18).

A slight agreement was observed between Grades I and 
II, and between Grades II and III, this can be explained 
by the main discriminating features between these 
grades (homogeneous versus inhomogeneous bright 
nucleus for Grades I and II, as well as disc height which 
is normal versus normal-slightly decreased for grades 
II and III respectively) which are subject to a larger 
scope of interpretation than for the other grades, this 
grade variation corresponds to the initial study done by 
(Pfirrmann et al. 2001) (12). 

However strong agreement was seen between 2 grades 
(III and V) (k= 0.837, p value < 0.0001) and absolute 
agreement seen between 3 grades difference, (II and 
V =1, p value < 0.0001), there was poor agreement in 
lower grades (between I-II and II-III) which may affect 
the overall agreement. Incidence of disc degeneration 
(grade 3-5) in our study was most frequent at L4-5 level 
and least frequent at L1-2 level, this is going with three 
other studies done by (F. M. Kovacs et al. 2009) (18), 
(Arana et al. 2010) (17) and (S Verma et al.2010) (19). These 
findings support the fact that mechanical characteristics 
of the discs are greater in those that are adjacent to fused 
lumbar vertebrae, favoring degeneration, with high disc 
involvement observed more commonly at lower lumbar 
level. It was evaluated and confirmed that with aging 
the loss of proteoglycans from the lumbosacral disc 
exceeds that from the lower lumbar discs because of 
its proximity to a rigid segment, that is, the sacrum (20). 

Agreement for nerve root compromise in our study was 
moderate (k= 0.417, p <0.0001)this is in concordance 
with a study done by (Lurie et al. 2008) (21) which showed 
moderate agreement (k = 0.47). The interobserver 
agreement between grades of nerve root compromise 
showed that slight-fair agreement was seen in one grade 
while there was good agreement between two grades 
(table 10), this may be due to narrow discriminating 
feature between the two (adjacent) grades causing 
higher subjective interpretation. 

The analysis of agreement in our study shows that the 
system we tested is reliable in discriminating between 
higher grades of nerve root compromise (II and III) but 
slightly less reliable in discriminating between grades 
(0 and 1). This grade variation is corresponding to the 
initial study done by (Pfirrmann et al. 2004) (13) which 
stated that agreement was slightly less frequent between 

the two lowest grades (normal and contact) than 
between the other two grade pairs (13). The incidence 
of nerve root compromise in our study (grade 1-3) was 
most frequent at L4-5 level (34.85 %), the same result 
was found in a study done by (S Verma et al. 2010) (19). 

From this study we recommend using Pfirrmann 
classification system in our lumbar MRI assessment 
and reporting. Pfirrmann classification system opens 
communications tunnels between radiologist & 
clinicians. We recommend another study being more 
comprehensive using beside Pfirrmann grading system 
the disc contour, evaluating vertebral endplate signal 
changes and spinal canal diameter.

From our study we conclude that moderate interobserver 
agreement was seen between the two radiologists in 
assessing lumbar IVD degeneration and nerve root 
compromise using Pfirrmann classification system. 
Pfirrmann classification system is reliable and provides 
standardized assessment of lumbar IVD and nerve 
roots.
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