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Abstract
Background: Intervertebral disc herniation has two common types, extrusion and protrusion, which may affect the adjacent
vertebrae.In addition, it is associated with significant signal changes in T1 MRI (short TR/TE) and T2 MRI (long TR/TE).
Methods: The present study is a cross-sectional analytic one, in which sampling was performed retrospectively. Cases
were randomly selected from the patients undergoing discectomy in our department in a one-year period. Before surgery,
MRI images, T1-weighted and T2-weighted sagittal cuts were interpreted by an expert radiologist. Signal intensity of the upper
and the lower adjacent vertebra and the operated herniated disc were compared with the normal discs, both in T1-weighted
and T2-weighted. Changes in signal intensity were recorded in qualitative variables. Statistical analysis was then performed
between two groups.
Results: In the present study, we have evaluated 170 patients undergoing lumbar disc herniation surgery, which included
97 protruded and 86 extruded discs. The patients’ age ranged from 21 to 78 years old, with an average of 43.03 ±11.4 years.
Evaluating the type of discopathy with the presence of signal changes (hypo or hyper signal changes) demonstrated more
signal changes in upper adjacent vertebrae in T2-weighted MRI (45.3%). However, patients with protruded discs showed less
changes (30.9%). It showed that the difference was statistically significant (P<0.05).
Conclusion: Extruded discs are associated with increased signal in T1-weighted MRI (short TR/TE) in the upper adjacent
vertebrae. Signal changes in T2-weighted MRI (long TR/TE) in upper adjacent vertebrae are significantly more common in
extruded discs, in comparison with protruded discs.
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Introduction
umbar disc herniation is a common condition and renders many patients who undergo surgical treatment
annually. Intervertebral disk herniation remains the
most common source of lumbar radiculopathy treated either with discectomy or with non-operative interventions
(1, 2, 3). Although Magnetic Resonance Imaging (MRI)
remains the reliable gold standard for diagnosis, the relationship between magnetic resonance imaging findings
and treatment outcomes has not been well understood
(4, 5, 6). Signal changes in the bone marrow adjacent to
the vertebral end plate are a common finding in patients
suffering from degenerative disc disease (2, 7). Unfortunately, the relationship between MRI findings and clinical
courses remains controversial, with several studies show-
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ing a high prevalence of disk herniations in asymptomatic
subjects (8, 9). For example, Schmid et al, have presented
51 patients with extruded discs who undergo MRI before
microsugical resection and categorized signal changes of
end-plate according to the Modic classification (Table 1)
(10, 11, 12). They have studied the relationship between
the classification type and the type of extruded tissue. Signal changes in vertebral end-plate showed cartilaginous
extrusion (12). Other studies have described several types
of signal changes which can be related to the histological
findings (5, 13). However, none has studied the association between these signal changes with the type of disc
herniation. We, therefore, performed this study in our department of neurosurgery.
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Table 1. Signal changes of an end-plate according to the Modic classification
Type1

LowT1, high T2 signal, enhancement with gadolinium

Fibrovascular replacement of adjacent bone marrow

Type3

Low T1 and T2 signal, without enhancement

Hyperosteosis

Type2

High T1 and T2 signal, without enhancement

Fatty marrow change

Table 2. The patients’ duration of symptoms according to the gender
Gender

Number

Average duration of symptoms (month)

Standard deviation

Female

73

12.85

16.810

Male

97

Materials and Methods
This study is a cross-sectional analytic research, in which
sampling was performed retrospectively. The cases were
selected among patients who underwent surgical discectomy in Bahonar Hospital, Kerman and in Kamyab Hospital, Mashhad, in a one-year period. The number of cases
was calculated according to the 95% confidence interval,
30% prevalence (according to previous studies) and the
10% accuracy rate, based on the following formula:
n=(Z2 * p (1-p)) / (d2).

In our study, 183 herniated discs of 170 patients were
studied (Table 2). According to the findings of surgeries,
97 cases were protruded and 86 were extruded. Duration of the disease was estimated from the beginning of
a tormenting pain or a neurologic deficit, to the time of
surgery. MR were taken in two distinct centers, via two
1.5-Tessla machines, with a spinal surface coil. MRI films,
T1-weighted and T2-weighted sagittal cuts, which were all
taken before surgery, were interpreted by an expert radiologist, who was only aware of the patients’ age and gender and was blind toward the type of the herniated disc.
Signal intensity of the upper and the lower adjacent vertebra and the operated herniated disc were compared with
the normal discs, both in T1-weighted and T2-weighted.
Changes in signal intensity are recorded as a qualitative
variable. No signal change was noted as iso, increased and
decreased signals were named as hyper and hypo, respectively. Statistical analysis was then performed on the data
achieved from the two groups. The objective was to determine the relationship between the signal changes in bone

Figure 1. T1-weighted MRI shows extrusion at the level of L4-L5.

14.15

20.096

Results
P=0.6

marrow of the adjacent vertebrae, with the type of disc
herniation.
Our specific aims can be summarized as follows:
1. To determine the relationship between the duration
of the symptoms with the signal changes.
2. To determine the relationship between the demographic findings with the signal changes.
Results
In this study, we have evaluated 170 patients undergoing lumbar disc herniation surgery, which showed 97 protruded and 86 extruded discs. The patients’ age ranged
from 21 to 78 years of age, with an average of 43.03±11.4
years. Ninety-seven of patients were male (57.1%), and
73 were female (42.9%). Males’ mean age was 43.86±11.6
years, and females’ mean age was 41.93±11.3; this difference was not statistically significant (P=0.2).
The least symptomatic duration was 2 weeks and the
most was 10 years, with an average symptomatic period
of 13.5 months. Symptomatic duration was 14.1±20.09
months in males’, and was 12.8±16.81 months in females,
this difference was not statistically significant (P=0.6).
It was found that 13 patients had two levels of disc herniation, one with extrusion in both levels, four with extruded and one with protruded disc and eight with protrusion in both levels. A total number of 183 herniated
discs were studied. The relationship between the type of
the disc herniation and the MRI signal changes in the ad-

Figure 2. T2-weighted MRI shows extrusion at the level of L4-L5.
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Table 3. The relationship between the type of herniation and MRI signal change in the upper and lower adjacent vertebra
Image type
T1 Upper vertebrae
T2 upper vertebrae

T1 Lower vertebrae
T2 lower vertebrae

Number
36
30
40
36

Protrusion

MRI signal change

Extrusion

Percentage

Number

30.9

39

45.3

P>0.05

43

50

P>0.07

37.1
41.2
37.1

jacent upper and lower vertebrae was studied.
Results showed that in the upper adjacent vertebrae, a
greater percentage of patients with extruded discs had
increased signal in T1 (45.3%), however, protruded discs
mostly showed no signal change or decreased signal, and
a less percentage of increased signal (26.8%), this difference was statistically significant (P<0.04). No relationship
was observed between the type of discopathy and other
types of signal changes (Figure 1, 2)
Evaluation of patients with signal changes in upper vertebrae in T1-weighted MRI (either hypo or hyper), showed
the relationship between the type of signal change and the
type of discopathy was statistically significant (P=0.04)
(Table3). Among extruded discs, 90.7% of discs had increased signal in T1, whereas in protruded discs 72.2%
exhibited increased signals. No relationship was noted
between the type of signal change and other types of discopathy.
Considering the relationship between the type of discopathy and MRI signal changes according to the gender, no
statistically significant difference was observed between
protruded and extruded discs in male objects. In female
patients, however, this difference was statistically significant. The extruded discs showed upper adjacent vertebral
signal changes in 53.1% of cases, whereas protruded discs
showed in 24.4% (P=0.02). In lower adjacent vertebra, the
percentage was 62.5% for extruded and 29.3% for protruded discs.
Studying the relationship between age and symptomatic duration with the herniation type and signal changes,
analysis of variance showed no significant difference between age and symptomatic duration, whether the patient
manifests signal changes or not. It can be concluded that
the presence of signal changes and its relationship with
the type of discopathy is not associated with age or symptomatic duration.

Discussion
A total number of 183 herniated discs (170 patients),
including 86 extruded and 97 protruded discs were studied for the herniation type and MRI signal changes in upper and lower adjacent vertebra. Extruded discs showed
more signal changes, hypo or hyper, in upper adjacent vertebra in comparison with protruded discs (45.3% versus
30.9%).
Evaluating the type of signal change, extruded discs
showed significant increased signal in T1-weighted MRI
in upper adjacent vertebra, and iso and hypo signal were
less predominant comparing to protruded discs (45.3%
versus 26.8%). Among patients with T1 signal changes in
upper vertebrae, extruded discs showed more prominent
increased signal comparing to the protruded discs (90.7%

43
44

Percentage

Results

50

P>0.07

51.2

P>0.1

versus 72.2%).
De Roos et al studied 203 disc spaces, in 41 lumbar MRI
films, in order to evaluate the presentation and the intensity of adjacent vertebral signal changes in normal and
degenerated discs. This study concluded that areas of increased signal in short and long TR/TE commonly occur
in degenerative discs (8). In the aforementioned study,
both normal and degenerated discs were studied; however, the type of disc herniation was not determined. In
the present study, however, we compared extruded and
protruded objects.
Modic et al studied the MRI films of 474 patients, and
in some of cases discovered Modic type Ι and II, and then
they studied them for histopathological criteria (14). Signal changes showed that a spectrum of marrow changes is
associated with DDD (14, 15). In this study, the relationship between pathological findings with signal changes
have been evaluated, however, the surgical findings are
not mentioned.
Carrino et al studied the MRI films of 353 patients in order to evaluate the relationship between surgical outcome
and modic changes (16). They concluded that surgery in
patients with modic type 1 changes has better outcomes
than others (p value=0.006). In 1993, Kakitsubata et al
studied the MRI films of 709 patients in order to evaluate
the signal changes of bone marrow, then divided them into
types I-IV, and compared them pathologically (17). Their
results showed that types I-III are commonly seen in old
ages and in lower lumbar levels, and degenerative bone
marrow changes include both physiologic and pathologic
alterations (17). This study, like the previously mentioned
one, studied the association between the signal changes
and pathologic findings, not intending to investigate the
type of herniated disc.
Toyone et al studied MRI films of 74 patients suffering
DDD for end-plate and bone marrow changes and divided
them into type A, with ↓SI in T1, and type B, with ↑SI in T1.
Type A was associated with segmental hypermobility and
back pain, whereas type B was seen in patients with stable
DDD (18). This study evaluated MRI signal changes and its
association with clinical manifestations, not intending to
examine the pathologic and surgical findings.
To the best of knowledge, this above-mentioned study
has been the only one investigating a specific type of
herniation, as we did in our work therefore, it was more
similar to our study. This investigation includes extruded
discs only, determining the relation between the type of
signal change (according to the Modic classification) with
the extruded tissue. In our work, however, we selected the
samples from both extruded and protruded discs and the
relationship between the signal change and the herniation
type was determined.
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No investigation has studied the association between
variables such as age, gender, and duration of symptoms
with the herniation type and signal changes. We found that
in male patients, no difference exists in signal changes and
herniation type between extruded and protruded discs. In
female patients, however, upper and lower adjacent vertebra showed more signal changes in extruded group, in
comparison with the protruded (53.1 versus 24.4 in upper
vertebrae, and 62.5 versus 29.3 in lower). No significant
difference was observed in mean age or mean symptomatic duration among patients suffering from different types
of discopathy. In conclusion, extruded lumbar discs, are
associated with increased T1-weighted MRI signal (short
TR/TE) in upper adjacent vertebrae. Signal changes in T2weighted MRI (long TR/TE) in upper adjacent vertebra,
are significantly more prevalent among extruded discs
rather than protruded discs. Signal changes in T2 and its

1.
2.
3.
4.

5.

6.
7.
8.
9.

10.

MORPHOLOGY OF LUMBAR DISC HERNIATION

association with the herniation type, showed significant
differences among female patients.
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