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ABSTRACT:
BACKGROUND:
Magnetic resonance imaging (MRI) provides a noninvasive assessment of the lumbar spine. Little is
thought about the MRI characteristics of cartilaginous endplate (CEP) and CEP herniation on the
ground that their normal thickness is only 0.6mm, making it hard to perceive at routine MRI
examinations
OBJECTIVE :
To study the reliable magnetic resonance imaging findings suggested cartilage endplate herniation in
lumbar spine.
PATIENTS AND METHODS:
This prospective study was conducted on 46 patients with low back pain in the MRI unit of AlImamein Alkadhmein Medical City, Baghdad, Iraq between September, 2016 and August 2017.
Inclusion criteria: adult patients with lumbar disc herniation proved by MRI with surgical prove of
cartilage end plates herniation. Exclusion criteria include: patients with previous back surgery,
history of spinal tumor and the general contraindications to MRI. Sagittal and axial T1-weighted
spino-echo image and sagittal and axial T2 weighted spine echo images were obtained. Statistical
analysis using SPSS version 23, the level of significance (p value) was set as ≤ 0.05.
RESULT:
Forty six patients with low back pain were included in this study, the mean age of 44±9 years, 26
patients were females and 20 patients were males.The CEP herniation was detected by MRI among
52.2% of patients with back pain. There was a highly significant association between CEP and
increased age of the patients, back pain radiated to both limbs, L4-5 defect site, modic changes and
lumbar posterior marginal nodes (p value 0.01, 0.004, 0.02, 0.03 and <0.001 respectively). No
significant differences between patients with CEP herniation and those without CEP herniation
regarding posterior osteophytes, dorsal vertebral cornal defect, heterogeneous signal intensity and
posterior corner and mid endplate irregularities. There was a highly significant association between
lumbar posterior marginal nodes and CEP herniation (p<0.001).
CONCLUSION:
CEP herniation is more prevalent among advanced age and at lower lumbar level. The most common
MRI signs related to CEP herniation were modic changes in mid endplate and lumbar posterior
marginal nodes.
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INTRODUCTION:
The structural integrity of the cartilaginous
endplate (CEP) is basic to intervertebral disc
health, proper endplate integrity is essential for
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resisting certain disc herniation and tears keeping up
a uniform intradiscal stress distribution and
regulating the transport of disc nutrients and
metabolites (1,2). Significantly, failure of the endplate
to perform these functions is theorized to quicken
disc degeneration (3). Endplate integrity is also critical
for vertebral bone health; endplate cartilage damage
signiﬁcantly associates with innervated bone marrow
lesions (4) which are suspected to be the pain
generator in 30–40% of patients with chronic low
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back pain (5). Consequently, elucidating the
factors that inﬂuence endplate cartilage integrity
is fundamental to understanding the reason of
disc degeneration and chronic low back pain and
could help build up new focuses for diagnosis
and treatment (6).
An intervertebral disc has three major structural
components: nucleus pulposus, annulus fibrosus,
and CEP. Many reports have showed up on the
anatomy, mechanics, and chemistry of the
nucleus and annulus, yet little is thought about
the MRI characteristics of CEP and CEP
herniation on the ground that their normal
thickness is only 0.6mm, making it hard to
perceive at routine MRI examinations (7). CEP
comprises of a thin layer of hyaline cartilage
between a disc and a vertebral body.
Functionally, CEP is considered an entryway for
supplement transport from blood vessels into its
central disc. It is the most important factor in
controlling dispersion of the disc proper as it is
the only source of nourishment to the nucleus
pulposus (8). Endplate damage, which can begin
as site-specific focal breaks, can result in a
cascade of events resulting in degeneration. In
such a case, CEP becomes sclerotic and loses
contact with blood vessels, giving less nutrition
to the disc and the CEP itself. Accordingly, the
proteoglycan content reduces inside the disc; the
outcome is loss of water and osmotic pressure in
the disc (9).
Magnetic resonance imaging (MRI) provides a
noninvasive accurate morphologic assessment of
the lumbar spine and permits an evaluation of the
relationship between morphologic findings and
disc herniation (10).
AIM OF THE STUDY:
To study the reliable magnetic resonance imaging
findings suggested cartilage endplate herniation
in lumbar spine in patients with low back pain.
PATIENT AND METHODS:
Study design setting: this prospective study was
conducted in Magnetic Resonance Imaging
(MRI) unit of Radiology Department at AlImamein Alkadhmein Medical City, Baghdad,
Iraq through the period from 1st of September,
2016 to 1st of August 2017.
Study population: 46 patients presented to MRI
unit with lower back pain and planned for spine
surgery for treatment of disc herniation.
Inclusion criteria: Adult patients with lumbar
disc herniation proved by MRI with surgical
THE IRAQI POSTGRADUATE MEDICAL JOURNAL

prove of cartilage end plates herniation after
performing lumbar spine surgery. Exclusion
criteria include: patients with previous back surgery,
patients with history of spinal tumor and the general
contraindications to MRI. Ethical considerations:
approval was taken from Institutional Review
Board/Al-Nahrain College of Medicine. Oral
informed consent was taken from the patients before
participation in the study.
All the patients included in the study had long history
of lower back pain and referred from orthopedics
and/or rheumatology departments or planned for
spine surgery and referred for pre-operative
evaluation. Full history and examines were done for
all the patients and the information were reported in a
questionnaire. MRI of the lumbar spine was
conducted; the MRI machine used was Magnetom
Avanto (SIMENS medical system, Germany). The
examination was done in the supine position with
cushion under both knees. Sagittal and axial T1weighted spino-echo image (TR/TE, 817/9.9) and
sagittal and axial T2 weighted spine echo images
(TR/TE, 3500/99) were obtained. The slice thickness
of T1 and T2 was 4mm. The interpretation was done
by 2 radiologists. The following findings were noted
and recorded: posterior marginal nodes, posterior
osteophytes,
mid
endplate
irregularities,
heterogeneous low signal intensity of extruded
material and modic changes in posterior corners and
mid endplate. The patients underwent surgery and
followed up to determined whether there is endplate
herniation and correlating the MRI and surgical
results with the histopathological findings .
Statistical analysis: the data were analyzed by the
application of Microsoft excel program and Statistical
Package for Social Sciences (SPSS) version 23.
Outcomes of analysis were arranged in scales
variables (means and standard deviation) and in
categorical variables. Chi square test was used to
compare between categorized variables and Fishers'
exact test was used for comparison between
categorical data when expected variables was less
than 20% of total. The level of significance (p value)
was set as ≤ 0.05.
RESULTS:
Forty six patients with low back pain were included
in this study, mean age of 44±9 years, 26 patients
were females and 20 patients were males with female
to male ratio as 1.3:1. Cartilaginous endplate
herniation was detected by MRI among 52.2% of
patients.
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There was a highly significant association
between increased age of the patients with back
pain and CEP herniation (p=0.01). No significant
differences between patients with CEP herniation
and those without CEP herniation regarding their
gender. There was a significant association

between patients with CEP herniation and back pain
radiated to both limbs (p=0.004). A significant
association was observed between L4-5 defect site
and CEP herniation detected by MRI (p=0.02), all
these findings were shown in table 1.

Table 1: Distribution of patients' sociodemographic characteristics, patients' chief complaints and defect sites
according to according to CEP herniation.
Variable

No CEP

CEP

No.

No.

%

χ²

P

18.2*

<0.001
Highly significant

0.06

0.8
Not significant

13.1*

0.004
Significant

7.3*

0.02
Significant

%

Age
<40 years

13

59.1

1

4.2

40-49 years

7

31.8

11

45.8

≥50 years

2

9.1

12

50.0

Gender
Male

10

45.5

10

41.7

Female

12

54.5

14

58.3

Chief complaint
Back pain

0

-

4

16.7

Back pain
radiated to
Back pain
radiated to
Back pain
radiated to
Site

1

4.5

7

29.2

14

63.6

12

50.0

7

31.8

1

4.2

L4-L5

8

36.4

18

75.0

L5-S1

13

59.1

6

25.0

L3-L4

1

4.5

0

-

No significant differences between patients with
CEP herniation and those without CEP herniation
regarding posterior osteophytes, dorsal vertebral
cornal defect, heterogeneous signal intensity and
posterior corner and mid endplate irregularities.
A significant association was observed between
modic changes in mid endplate and CEP
herniation (p=0.03). There was a highly
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significant association between lumbar posterior
marginal nodes and CEP herniation (p<0.001). The
presence of all these findings in MRI (posterior
osteophytes, dorsal vertebral cornal defect,
heterogeneous signal intensity, posterior corner and
mid endplate irregularities, modic changes in mid
endplate, lumbar posterior marginal nodes) can be
ascertain of CEP herniation, all these were shown in
table 2.
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Table 2: Distribution of MRI findings according to CEP herniation.
MRI findings

No CEP
No.

%

CEP
No.

Positive

6

27.3

13

54.2

Negative

16

72.7

11

45.8

Dorsal vertebral cornal defect
Positive

14

63.6

16

66.7

Negative

8

36.4

8

33.3

Modic changes in mid endplate
Positive

11

50.0

19

79.2

Negative

11

50.0

5

20.8

Heterogeneous signal intensity of extruded disc
Positive

4

18.2

7

29.2

Negative

18

81.8

17

70.8

Modic changes in posterior corner
Positive

9

40.9

13

54.2

Negative

13

59.1

11

45.8

Mid endplate irregularities
Positive

9

40.9

11

45.8

Negative

13

59.1

13

54.2

Lumbar posterior marginal nodes
Positive

2

9.1

16

66.7

Negative

20

90.9

8

33.3
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P

3.4

0.06
Not significant

0.4

0.8
Not significant

4.3

0.03
Significant

0.7

0.3
Not significant

0.8

0.4
Not significant

0.1

0.7
Not significant

15.9

<0.001
Highly significant

%

Posterior osteophytes

DISCUSSION:
Vertebral endplate is essential part in providing
nutrients for vertebral disc, important in
maintaining vertebral biochemical integration
with big role in vertebral growth. The main role
of cartilaginous endplate is mechanical by
preventing the bulging of the nucleus pulposus
into the spongiosa of the vertebral body and
functioning as a filter between the disc and
vertebral body (11).

χ²

The prevalence of lumbar cartilaginous endplate
(CEP) herniation detected by MRI among back pain
patients in the present study was (52.2%). This
finding was close to results of Kjaer et al (12) study in
Denmark which found a CEP herniation prevalence
range of 25-50% in the 40 years population presented
with back pain. However, our study was higher than
that reported by Sahoo et al (13) study in India where
25.7% of CEP was detected by MRI. This difference
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might be due to discrepancies in risk factors of
CEP herniation between different communities in
addition to the difference in the study design and
sample size. Among Asian population, large
population study conducted by Cheung et al (10)
revealed that 40% of population under age of 30
years had lumbar intervertebral degeneration
while more than 90% of population at 50-55
years age had lumbar intervertebral degeneration
which is regarded as the most common cause of
chronic low back pain. Joe et al (8) study in South
Korea on 73 patients presented with low back
pain through the period 2005-2009 showed that
50.6% of those patients show CEP herniation.
Previous study in Germany (by Schmid) (14)
reported that CEP herniation is highly related to
maximizing pain intensity of disc herniation.
Another study by Brock M (15) revealed that the
multiple and recurrent sequestered parts of
extruded discs are mainly of endplate material.
Previous Japanese study by Yamada M (16)
concluded that the CEP herniation is less
absorbable than annulus fibrosus following spinal
trauma.
The main MRI findings of patients with CEP
herniation in this study are dorsal vertebral cornal
defect, modic changes in mid endplate, modic
changes in posterior corner, mid endplate
irregularities, posterior osteophytes, lumbar
posterior marginal nodes and heterogeneous
signal intensity of extruded disc. These findings
were similar to that reported by Roudsari and
Jarvik (17) study in USA which stated that MRI is
the best diagnostic method for intervertebral disc
herniation and associated pathological changes.
The modic changes in mid endplate in the present
study were found among 65.2% of patients while
the modic changes in posterior corner were found
among 47.8% of the patients. Modic et al (18)
stated that type 2 modic changes were the most
common modic changes in herniated disc and
represented about 90% of these changes; also he
found that the modic changes are the
predominant signs of CEP herniation. The modic
changes in mid endplate of studied patients were
significantly associated with CEP herniation
detected by MRI (p=0.03). This finding was in
agreement with results of Teichtahl et al (19) study
in Australia which examined 72 patients with low
back pain for modic changes and revealed that
the common modic changes were type 2 with
higher prevalent among patients with CEP
THE IRAQI POSTGRADUATE MEDICAL JOURNAL

herniation. These signal intensity changes detected by
MRI are considered as markers of morphological
changes for diagnosing spinal degenerative diseases
by MRI (20).
Schmid et al (21) study in Germany found a significant
correlation between MRI vertebral corner defects and
CEP herniation. Inconsistently, Joe et al (8) study in
South Korea detected no relationship between
vertebral corner defects and CEP herniation and they
explained this finding as the dorsal vertebral corner
defects are covering the posterior corner of the
vertebral body on MR images and it is not correlated
to endplate degeneration.
The current study found that the most common level
affected by MRI with disc and CEP herniation were
L4-L5 and L5-S1. This finding was consistent with
the results of Suthar et al (22) in India which found
that the most common degeneration and arthropathy
of lumbar disc was at L4-L5 level followed by level
L5-S1.
In the present study, the prevalence of CEP
herniation detected by MRI was significantly
increased with advanced age patients (p<0.001). This
finding coincides with Moore et al (23) study in
Australia which reported that morphological changes
of endplates are obvious with advanced age of
population. In Brazilian study, lumbar spines
extrusion was higher among patients in age group
over 40 years old (11). In elderly population, the CEP
herniation had no specific criteria different from
younger age population but the CEP herniation in this
elderly population is the outcome of progressive disc
degeneration (24). These CEP morphological changes
will lead to inhibition of nutrients supply and
metabolites removal (25) which in turn lead to higher
lactate concentration affecting cell viability and
matrix maintenance and accelerating the disc
degeneration (26).
Additionally, our study reported a highly significant
association between lumbar posterior marginal nodes
and CEP herniation (p<0.001) which was similar to
results of Joe et al (8) study in South Korea which
found that modic changes, lumbar posterior marginal
nodes, endplate irregularities, dorsal vertebral corner
defects and posterior osteophytes were prevalent
signs of CEP herniation.
The diagnosis of CEP herniation is difficult and many
cases were detected surgically so our study will help
the Radiologist by adding information on
demographic, clinical and MRI characteristics that
are relevant to CEP herniation and increase their
suspicion which lead to more concern on MRI signs
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like modic changes and posterior lumbar nodes to
detect the CEP herniation in earlier time and
avoid the invasive diagnostic techniques and
surgical interventions.
CONCLUSION:
The prevalence of lumbar cartilaginous endplate
herniation detected by magnetic resonance
imaging in patients with back pain is relatively
high. CEP herniation is more likely to be
prevalent among advanced age patients and at
lower lumbar spinal level. The most common
MRI signs related to cartilaginous endplate were
modic changes in mid endplate and lumbar
posterior marginal nodes.
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