
Heliyon 6 (2020) e05201
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Interobserver and intraobserver variability in magnetic resonance imaging
evaluation of patients with suspected disc herniation

Somayeh Hajiahmadi, Azin Shayganfar, Mahsa Askari *, Shadi Ebrahimian

Department of Radiology, Isfahan University of Medical Sciences, Isfahan, Iran
A R T I C L E I N F O

Keywords:
Lumbar disc herniation
Nerve root compression
Interobserver reliability
Intraobserver reliability
Anatomy
Medical imaging
Musculoskeletal system
Nervous system
Neurology
* Corresponding author.
E-mail address: mahsaaskary@yahoo.com (M. A

https://doi.org/10.1016/j.heliyon.2020.e05201
Received 12 April 2020; Received in revised form
2405-8440/© 2020 The Authors. Published by Else
nc-nd/4.0/).
A B S T R A C T

Objective: Magnetic resonance imaging (MRI) is usually the modality of choice to assess sciatica and intervertebral
disc herniation. Despite remarkable progression in diagnostic imaging and surgical techniques, definite diagnosis
based on imaging interpretation is still a great challenge. The aim of this study was to determine interobserver and
intraobserver variability in reporting lumbar MRI between two neuroradiologists based on the new 2014 version
of disc nomenclature.
Patients and methods: The study population was composed of 134 irresponsive to conservative therapy patients
with clinical presentations of disc herniation and lumbar radiculopathy. MRI was taken from all the participants
using a 1.5 T MRI system. Two neuroradiologists evaluated the images, separately and one of them did it twice
and interpreted the scans in sagittal and axial planes. Disc bulge, disc herniation and nerve root compression were
evaluated at each level. Interobserver and interaobserver agreements between two neuroradiologists, and one
neuroradiologist in two times of reporting were calculated for the evaluation of bulging and herniated discs and
nerve root compression by applying the Kappa statistics.
Results: Bulging disc, herniated disc, the type of disc, location of the discs, and nerve root compression diagnosis
were significantly in excellent agreement (kappa>0.7, p-value<0.001) through intraobserver assessments, while
interobserver assessments presented statistically significant with a fair agreement (kappa:0.4–0.7 and p-
value<0.05).
Conclusion: Remarkable intraobserver agreement was found between diagnoses of disc-related pathologies of the
lumbar spine while interobserver assessments revealed only fair concordance.
1. Introduction

Magnetic resonance imaging (MRI) is commonly used in patients with
intervertebral disc herniation (IDH). Low back pain which is caused by
IDH is one of the most common health problems in the world. Since this
modality can provide exquisite morphologic details of the disc abnor-
mality [1, 2], MRI is considered the diagnostic imaging of choice for IDH
[3].

The decision on treatment options in patients with IDH is based on
the clinical and imaging findings. The conservative treatment for at
least 6–8 weeks is used as the first line management in patients with
IDH. In cases with poor response to conservative treatment, surgery
might be considered and MRI is routinely applied to assess the pres-
ence of nerve root compression [4].

It has been reported that about 10–40% of the patients did not have a
satisfactory improvement in symptoms after lumbar disc surgery despite
skari).
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the developments in diagnostic and surgical techniques [5]. The poor
outcomes following lumbar disc surgery have been most commonly due
to the errors in diagnosis rather than the surgical technique or its com-
plications [6]. A variability among spine MRI interpretations could
negatively effect the therapeutic decisions and lead to inappropriate
medical managements in false-positive or false-negative diagnosis of
nerve root compression. Unreliable interpretation may also result in
problems when attempting to detect the relationship between specific
imaging characteristics and patient outcomes.

Therefore, it is essential to have insight into the interpretation vari-
ability of MRI findings among potential candidates for lumbar disc sur-
gery [4]. In this regard, several studies [7, 8, 9, 10, 11, 12, 13, 14, 15]
have been done to assess the agreement between different neuroradiol-
ogists in reporting findings such as disc degeneration, modic changes,
annular tears, disc bulges, protrusions and herniations, and spinal ste-
nosis on MRI. Depending on the evaluated MRI finding, a moderate to
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excellent concordance was found between the neuroradiologists' reports
in previous studies [16].

To decrease interobserver variability in the interpretation of lumbar
MRI, ‘‘Nomenclature and classification of lumbar disc pathology” has
been updated and is used as a classification and reporting system to
prevent the inconsistency in anatomic, physiologic, and pathologic de-
scriptions of lumbar disc [17].

The aim of this study was to determine interobserver and intra-
observer variability in reporting lumbar MRI between two neuroradiol-
ogist using the new version of disc nomenclature published in 2014.

2. Material and methods

Our study population was composed of patients who were referred to
the Radiology Department of Al-Zahra hospital, Isfahan University of
Medical Sciences, Isfahan, Iran with clinical suspicion of disc herniation
and lumbar radiculopathy. Patients with no respond to conservative
management for at least 6–8 weeks entered the study.

Patients younger than 18 years and older than 70 years of age, pa-
tients with a history of surgery, spinal infections or tumors, and pregnant
women were excluded from the study.

The study was approved by the ethical committee of Radiology
department, Isfahan University of Medical Sciences, Isfahan, Iran
(IR.MUI.REC.1396.3.342) and the need for the informed consent was
waved.

All images were acquired with a 1.5 T MRI system (Ingenia, Philips).
The standard imaging protocol included T1 weighted sagittal images
(Slice thickness 4 mm, FOV 230 � 317 � 48 mm, Image Matrix 220 �
238 � 11), T2 weighted sagittal images (Slice thickness 4 mm, FOV 230
� 317 � 48 mm, Image Matrix 232 � 226 � 11), and T2 weighted fat
suppressed sagittal images (Slice thickness 4mm, FOV 230 � 317 � 48
mm, Image Matrix 220 � 238 � 11).

Two neuroradiologists who were blinded to the patients’ clinical
findings and each other's reports evaluated the lumbar discs at L3-L4, L4-
L5, and L5-S1 levels on picture archiving and communication system
(PACS) and interpreted the images on sagittal and axial planes using Onis
2.6 software. Disc at each level was evaluated for the presence or absence
of disc bulge and disc herniation, separately. No distinction was made
between disc protrusion and extrusion and both were included in the
term of herniation. The location of the discs was determined. De-
scriptions were based on “Lumbar disc nomenclature: version 2.0 “[18].

Nerve roots from L3 to S1 levels were evaluated for nerve compres-
sion. Also, one of the neuroradiologists with an interval of one month,
reported all images on a regular basis for the second time.

The findings of both observers and also two-time findings of one
observer were recorded. Afterward, the results were analyzed using SPSS
16.

Kappa statistics was applied to calculate the interobserver and
interaobserver agreement between two neuroradiologists and one
neuroradiologist in two times of reporting for evaluation of bulging and
herniated discs and nerve root compression.

The interpretation of Kappa was done as proposed by Cohen i.e., a
value of less than 0.4 was considered as poor, a value between 0.4 to 0.75
was considered as fair to good, and a value above 0.75 was considered as
excellent.

3. Results

In the present study, of 134 patients, 70 (52.2%) were male and 64
(47.8%) were female. The results of bulging disc detection by the first
neuroradiologist were compared with the results of her previous reports.
At L3-L4 and L5-S1 disc levels, an intraobserver agreement of more than
90% was detected. Moreover, it was found that the kappa coefficient,
which had the reported values of 0.980 and 0.871 at each of the L3-L4
and L5-S1 disc levels, respectively, was acceptable and significant (p-
value < 0.001). The results of the bulging disc diagnosis of the second
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neuroradiologist were compared with those of the first neuroradiologist
and indicated a lower agreement percentage and lower kappa coefficient
values, which were 0.712 and 0.668 at each of the L3-L4 and L5-S1 disc
levels, respectively. However, the interobserver agreement still remained
at a fair level (p-value < 0.001). Furthermore, the lowest kappa coeffi-
cient value and agreement percentage between the observers were
related to the intraobserver agreement of the first neuroradiologist (K ¼
0.605, intraobserver agreement percentage¼ 22.5%) or the interobserver
agreement of the first and second neuroradiologists (K ¼ 0.598, inter-
observer agreement percentage¼ 22.4%) at the L4-L5 disc level; never-
theless, the diagnosis agreement between the two observers was still
significant (p-value < 0.001) (Table 1).

In the detection of the herniated disc at three levels of L3-L4, L4-L5,
and L5-S1, observations of the first neuroradiologist compared with her
previous observations indicated the kappa coefficient values of 0.970,
0.954, and 0.985, respectively (p-value < 0.001). Compared with the
observations of the second neuroradiologist, the kappa coefficient values
were 0.670, 0.835, and 0.804 at three levels of L3-L4, L4-L5, and L5-S1,
respectively (p-value < 0.001). In fact, the intraobserver agreement and
kappa coefficient values obtained from the first neuroradiologist were far
stronger than the interobserver agreement and kappa coefficient values
obtained from comparing the observations of the first and second neu-
roradiologists (Table 2).

Evaluating the diagnosis of the type of disc indicated the agreement
percentage of 100% and kappa coefficient value of 1 obtained from ob-
servations of the first neuroradiologist as compared with her previous
observations and the observations of the second neuroradiologist at the
L3-L4 level. However, at the L4-L5 and L5-S1 levels, the agreement
percentage was more than 90% and the kappa coefficient values of the
two observers were at acceptable and significant levels (p-value< 0.001)
(Table 3).

In addition, evaluation of the first neuroradiologist intraobserver
agreement in detecting the disc location in the central, paracentral,
subarticular, foraminal, and broad base regions indicated the agreement
percentage of 100% at the levels of L3-L4 and L5-S1 (p-value < 0.001).
This percentage was 98.2% at the L4-L5 level (p-value < 0.001). The
interobserver agreements at the levels of L3-L4, L4-L5, and L5-S1 were
64.3%, 82.7%, and 84.6%, respectively. Moreover, the kappa coefficient
values at the three mentioned levels were 0.421, 0.670, and 0.681,
respectively (p-value < 0.001) (Table 4).

Finally, the evaluation of interobserver agreement rates in detecting
type of pressure indicated that the observations of the first neuroradi-
ologist compared with her previous observations had agreement per-
centage of more than 95% and the kappa coefficient value of more than
0.85 at three levels of L3-L4, L4-L5, and L5-S1 (p-value < 0.001). As
compared with the second neuroradiologist, the agreement percentage
was more than 80%; however, the kappa coefficient value was between
0.50 and 0.60 (p-value < 0.001). Although the mentioned result indi-
cated a reduced agreement percentage, the reported value of the kappa
coefficient was still acceptable (Table 5).

4. Discussion

Making the decision to do the surgery in patients presenting with
nerve root compression symptoms is a great challenge due to post-
operative complications. Therefore, an accurate interpretation of the MRI
findings can help physicians to make the best threapeutic decision that
merits [19].

In the present study, we found considerable intra- and interobserver
agreement regarding disc bulging (p-value < 0.001). The intraobserver
kappa value was excellent for L3-L4 and L5-S1 bulging discs while
interobserver assessments revealed fair agreement though significant.
Herniated disc assessment presented similar results. Intraobserver eval-
uation presented excellent agreement while interobserver variations
were notably more. In this regard, studies have assessed this correlation
and presented a wide range of kappa index (0.32–0.79) for an



Table 1. Inter and Intra observer agreement in evaluation of disc bulge.

Observer Neuroradiologist 1

L3-L4 L4-L5 L5-S1

No Yes total No Yes total No Yes total

Neuroradiologist 1 No 99 1 100 29 58 87 108 1 109

Yes 0 34 34 45 1 46 4 21 25

Intra Observer Agreement¼ (99.2%)
Kapa ¼ 0.980, P < 0.001

Intra Observer Agreement¼ (22.5%)
Kapa ¼ 0.605, p < 0.001

Intra Observer Agreement¼ (96.3%)
Kapa ¼ 0.871, p < 0.001

Neuroradiologist 2 No Yes total No Yes total No Yes total

No 87 4 91 27 56 83 101 3 104

Yes 12 31 43 48 3 51 11 19 30

Inter Observer Agreement¼ (88.1%)
Kapa ¼ 0.712, P < 0.001

Inter Observer Agreement¼ (22.4%)
Kapa ¼ 0.598, P < 0.001

Inter Observer Agreement¼ (89.5%)
Kapa ¼ 0.668, P < 0.001

Table 2. Inter and Intra observer agreement in evaluation of disc herniation.

Observer Neuroradiologist 1

L3-L4 L4-L5 L5-S1

Neuroradiologist 1 No Yes total No Yes total No Yes total

No 114 1 115 72 1 73 73 1 74

Yes 0 19 19 2 58 60 0 60 60

Intra Observer Agreement¼ (99.2%)
Kapa ¼ 0.970, p < 0.001

Intra Observer Agreement¼ (97.7%)
Kapa ¼ 0.954, p < 0.001

Intra Observer Agreement¼ (99.2%)
Kapa ¼ 0.985, p < 0.001

Neuroradiologist 2 No Yes total No Yes total No Yes total

No 109 6 115 67 3 70 67 8 76

Yes 5 14 19 8 56 64 5 53 58

Inter Observer Agreement¼ (91.8%)
Kapa ¼ 0.670, p < 0.001

Inter Observer Agreement¼ (91.8%)
Kapa ¼ 0.835, p < 0.001

Inter Observer Agreement¼ (89.5%)
Kapa ¼ 0.804, p < 0.001

Table 3. Inter and Intra observer agreement in evaluation of type of disc.

Observer Neuroradiologist 1

L3-L4 L4-L5 L5-S1

Neuroradiologist 1 P E S total P E S total P E S total

P 18 0 0 18 47 2 0 49 46 0 0 46

E 0 1 0 1 0 8 0 8 1 12 0 13

S 0 0 0 0 0 1 0 1 0 0 1 1

Intra Observer Agreement¼ (100%)
Kapa ¼ 1, p < 0.001

Intra Observer Agreement¼ (94.8%)
Kapa ¼ 0.821, p < 0.001

Intra Observer Agreement¼ (96.7%)
Kapa ¼ 0.953, p < 0.001

Neuroradiologist 2 P E S total P E S total P E S total

P 13 0 0 13 44 1 0 45 41 0 0 41

E 0 1 0 1 3 8 0 11 4 8 0 12

S 0 0 0 0 0 0 0 0 0 0 1 1

Inter Observer Agreement¼ (100%)
Kapa ¼ 1, p < 0.001

Inter Observer Agreement¼ (92.9%)
Kapa ¼ 0.757, p < 0.001

Inter Observer Agreement¼ (90.7%)
Kapa ¼ 0.734, p < 0.001

P: Portrusion; E: Extrusion; S: Sequestration.
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interobserver agreement [9, 20, 21] that is consistent with our study.
Rehman et al. presented a nonsignificant interobserver kappa index of
0.41 for bulging discs and statistically significant results with a kappa
index of 0.51 for the herniated disc [21]. Another study by Braga-Baiak
et al. showed a high intraobserver percent agreement but low values of
kappa. Similar to our presentation, they stated that the intraobserver
agreement was better than interobserver agreement. However, contrary
to our study they presented low values of kappa while we found fair to
good values [22].

Interobserver variations have been noted in different reports that all
unanimously presented a probable role of disc bulging for the lower
3

extends of the agreement by neuroimaging interpretations. The influ-
ence of this diagnosis is considerable as Van Rijn et al. presented that
up to 50% of interobserver discordances occured due to disc bulging
[10]. In fact, this is a common pathologic finding on MRI among
asymptomatic cases. Therefore, patients presenting with radiculopathy
while only disc bulging is observed in their imaging, are considered for
conservative treatment. Accordingly, this finding has a low clinical
significance [21, 23]. Also, it is noted that the lower extent of agree-
ment in our study compared to some of the previous papers may be
attributed to the interpreters. In the present study, we selected neu-
roradiologists while in some other studies, neurosurgeons or a



Table 4. Inter and Intra observer agreement in evaluation of disc location.

Observer Neuroradiologist 1

L3-L4 L4-L5 L5-S1

Neuroradiologist 1 C P S F B total C P S F B total C P S F B total

C 7 0 0 0 0 7 33 0 0 0 0 33 37 0 0 0 0 37

P 0 2 0 0 0 2 0 11 0 1 0 12 0 19 0 0 0 19

S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

F 0 0 0 9 0 9 0 0 0 9 0 9 0 0 0 0 0 0

B 0 0 0 0 0 0 0 0 0 0 3 3 0 0 0 0 3 3

Inter Observer Agreement¼ (100%)
Kapa ¼ 1, p < 0.001

Inter Observer Agreement¼ (98.2%)
Kapa ¼ 0.970, p < 0.001

Inter Observer Agreement¼ (100%)
Kapa ¼ 1, p < 0.001

Neuroradiologist 2 C P S F B total C P S F B total C P S F B total

C 6 1 0 1 0 8 30 4 0 0 0 34 31 8 0 0 0 39

P 0 1 0 1 0 2 0 6 0 4 0 10 0 10 0 0 0 10

S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

F 1 0 0 2 0 3 0 0 0 4 0 4 0 0 0 0 0 0

B 0 0 0 1 0 1 1 0 0 1 3 4 0 0 0 0 3 3

Intra Observer Agreement¼ (64.3%)
Kapa ¼ 0.421, p < 0.001

Intra Observer Agreement¼ (82.7%)
Kapa ¼ 0.670, p < 0.001

Intra Observer Agreement¼ (84.6%)
Kapa ¼ 0.681, p < 0.001

C: Central, P: Paracentral, S: Subarticular, F: Foraminal, B: Broad base.

Table 5. Inter and Intra observer agreement in evaluation of type of pressure on the disc.

Observer Neuroradiologist 1

L3-L4 L4-L5 L5-S1

Neuroradiologist 1 No Yes total No Yes total No Yes total

No 46 1 47 68 1 69 59 1 60

Yes 0 6 6 0 33 33 2 18 20

Intra Observer Agreement¼ (98.1%)
Kapa ¼ 0.912, p < 0.001

Intra Observer Agreement¼ (99%)
Kapa ¼ 0.978, p < 0.001

Intra Observer Agreement¼ (96.3%)
Kapa ¼ 0.898, p < 0.001

Neuroradiologist 2 No Yes total No Yes total No Yes total

No 37 0 37 48 1 49 46 1 47

Yes 8 6 14 19 33 52 15 18 33

Inter Observer Agreement¼ (84.3%)
Kapa ¼ 0.521, p < 0.001

Inter Observer Agreement¼ (80.2%)
Kapa ¼ 0.608, p < 0.001

Inter Observer Agreement¼ (80%)
Kapa ¼ 0.560, p < 0.001
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combination of neuroradiologists and neurosurgeons were participated
in the study [9]. Another surprising aspect is the probable association
of the symptoms with MRI findings. In other words, it seems that the
presentation of radiculopathy symptoms may be in accordance with
incidental findings of images such as bulging while these pathologic
findings may be ignored in normal cases [24]. To assess this hypoth-
esis, conducting further studies on normal cases versus patients with
radiculopathy is recommended.

The further assessments of our study targeted diagnosis of herniated
disc location. The agreement was remarkably acceptable through intra-
observer assessments while interobserver evaluations showed fair
concordance. Moreover, evaluation of the stenotic region responsible for
nerve compression symptoms revealed excellent kappa values all above
0.80 through intraobserver assessments. However, similar to previous
findings, the interobserver discrepancy was considerable. The mentioned
interobserver discordance was reported by Rehman et al. as well. These
researchers presented fair values of kappa when assessing the stenotic
nerve root [9]. On the contrary, Van Rijn et al. declared excellent
concordance for detecting the compressed root responsible for symptoms
presented by patients [10].

Previous studies have unanimously presented considerably higher
rates of intraobserver agreement than interobserver agreement which
can simply occur due to clinical features but not a scientific matter
[25]. In this regard, variations in observer interpretations pose a
4

challenge in imaging-related research settings. This fact has occurred
due to the inaccessibility to a practical approach for minimizing
interobserver variation effects on images interpretation. In fact, not
only the correct interpretation of an imaging based findings should be
considered, but also the etiologies of interpreter bias should be mini-
mized as well [26].

Although in this study we measured the intra and inter-observer
agreement, the clinical correlation of imaging findings with patients'
symptoms and outcomes were not being evaluated due to the retro-
spective nature of the study. Since no distinctive correlation was found
between the clinical symptoms and imaging findings [27], the imaging
evaluation with clinical assessments would be more valuable. Other
studies are needed to evaluate the influence of MRI interpretation vari-
ability on the outcome and therapeutic managements of patients with
IDH, in addition to the clinical assessments.

5. Conclusion

The current study presented a remarkable intraobserver agreement
for the diagnosis of disc-related pathologies of the lumbar spine, while
interobserver assessments revealed only fair concordance. The findings
of our study were consistent with those of previous ones. Overall, it is
concluded that practical approaches are needed to minimize the inter-
observer variations of a neuroimaging interpretation.
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