Frontiers in Biomedical Technologies Vol. 11, No. 2 (Spring 2024) 177-183

ORIGINAL ARTICLE

Analysis of the Prevalence of Lumbar Annular Tears in Adult Patients Using
Magnetic Resonance Imaging Data

Mohammad Davoudi !, Rahman S. Zabibah 2, Andrés Alexis Ramirez-Coronel %56, Ali Hussein Demin Al-Khafaji ”* "“' , Acim Heri Iswanto &,
Gholamreza Ataei ®* ', Elham Yousefi®, Fatemeh Zahra Nosrati®, Danial Fazilat-Panah *

1 Department of Medical Radiation Engineering, Central Tehran Branch, Islamic Azad University, Tehran, Iran

2 Medical Laboratory Technology Department, College of Medical Technology, The Islamic University, Najaf, Iraq

3 Azogues Campus Nursing Career, Health and Behavior Research Group (HBR), Psychometry and Ethology Laboratory, Catholic
University of Cuenca, Ecuador

4Doctorate in Psychology, University of Palermo, Buenos Aires, Argentina

>Research group in Educational Statistics, National University of Education, Ecuador

6 Epidemiology and Biostatistics Research Group, CES University, Medellin, Colombia

’ Department of Laboratories Techniques, Al-Mustagbal University College, Babylon, Hillah, Iraq

8 Department of Public Health, Faculty of Health Science, University of Pembangunan Nasional Veteran Jakarta, Jakarta, Indonesia
9 Radiotherapy Physics Department, Babolsar Oncology Hospital, Babolsar, Iran

19 Department of Radiology, Babol University of Medical Sciences, Babol, Iran

11 Cancer Research Center, Babol University of Medical Sciences, Babol, Iran

*Corresponding Authors: Ali Hussein Demin Al-Khafaji, Gholamreza Ataei Received: 28 November 2022 / Accepted: 01 January 2023
Email: ali.hussein@uomus.edu.iq , Golamrezaatae@yahoo.com

Abstract

Purpose: This study aimed to evaluate the lumbar annular tears prevalence regarding the patient’s history factors,
and Magnetic Resonance Imaging (MRI) recorded data.

Materials and Methods: In this study, 218 patients (106 men and 112 women) were evaluated; 136 cases (63 men
and 73 women, 20-80 years, mean: 45.4+14.8 years) with Lower Back Pain (LBP) and High-Intensity Zone (H1Z)
were diagnosed based on MR images. The diagnosed annular tears from the MRI data, Body Mass Index (BMl,
kg/m?), and physical activity of the patients were recorded, and the prevalence of lumbar annular tears was evaluated
regarding the mentioned parameters.

Results: The prevalence of annular tears was 31.6% at L5/S1 (43/136 patients), 43.4% at L4/L5 (59/136 patients),
16.9% at L3/L4 (23/136 patients), 4.4% at L2/L3 (6/136 patients), and 3.7% at L1/L2 spinal disc space (5/136
patients). Most patients with annular tears had LBP (>60%). Based on the patient's history, 25% of patients had
BMI above 30, 8.8% had post-traumatic history, 15.4% had a history of falling down, 19.1% had slipped down
history, 16.2% were athletes, and 15.4% performed heavy work.

Conclusion: The prevalence of lumbar annular tears was higher in patients having LBP and a BMI over 30, which
should be considered possible risk factors. This study demonstrated that annular tears are more likely to occur in
lower lumbar discs, especially in L4/L5 and L5/S1 discs.
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Analysis of the Prevalence of Lumbar Annular Tears in Adult Patients Using Magnetic Resonance Imaging Data

1. Introduction

Approximately 80% of the population will suffer from
Lower Back Pain (LBP) in their life span [1, 2].
Discogenic LBP is the most prevalent type of chronic LBP
associated with disc degeneration, particularly annular
fissures reaching the outer annulus [3-5]. Increased disc
pressure can evoke discogenic pain by stimulating nerve
endings sensitized by inflammatory mediators [6].

Magnetic Resonance Imaging (MRI) is a useful
diagnostic tool to evaluate central nervous systems such as
disc herniation, lateral canal stenosis, post-operative root
fibrosis, and precise localization of intervertebral disc
changes [7-10]. Furthermore, MRI does not utilize
ionizing radiations and therefore lacks radiation toxicities
concern [11,12]. Annular tears (also called annular
fissures) can be detected using MRI as the High-Intensity
Zone (HIZ) and hyperintense on T2 weighted images
[8,13,14]). Several factors, such as Body Mass Index
(BMI) and physical activity, can affect the lumbar annular
tears [15-18]. It was reported that a strong correlation
exists between BMI values and the prevalence of annular
tears in adult patients [15].

Several studies reported the prevalence of annular tears
in different regions of the spine [6, 13, 15, 16, 19].
However, as a common disease, it needs to be evaluated
and reported in different populations in various
geographical regions. Following our search, few studies
reported the prevalence of annular tears in Iran. Thus, the
current study aimed to present the relevant data of lumbar
annular tears in adult patients using MRI data of patients
referred to general hospitals in Babol, Iran. We also
assessed and analyzed the prevalence of disk annular tears
regarding the patient’s history and physical parameters
such as BMI, LBP, falling down, slipping down, being an
athlete, and traumatic history. It should be noted that some
of our evaluated factors have not been considered in
previous studies.

2. Materials and Methods

2.1. Patients

Sagittal and transverse lumbar spine T1- and T2-
weighted MR images of 218 adult patients (106 men
and 112 women) suspected of lumbar spine diseases
were evaluated. Patients with a history of surgery,
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radiotherapy, and chronic self-defense diseases were
excluded from our study. The age range of the
investigated patients was 20 to 80 years (mean= 45.4
years and standard deviation= 14.8 years).

This cross-section study was approved by the Ethics
Committee and National Research Ethics Board.
Written informed consent was obtained from all
participants, and the patients were informed that the
study protocol had no invasive procedure.

2.2. Investigated Parameters

In the first step, the history of patients, including BMI
(kg/m?), LBP, falling down, slipping down, being an
athlete, and traumatic history was recorded by gathering the
questionnaires. In the next step, MR images and reports
were evaluated, and the sites of lumbar annular tears were
obtained and recorded for each patient.

“Traumatic history” refers to traffic accidents or each
post-traumatic hit [20]. The meaning of LBP was resistant
pain for over 6 months that was aggravated by sitting for a
long time, standing from a sitting position, lifting and
forward bending of the low back, and relieved by lying
supine. “Heavy work™ refers to lifting or moving heavy
objects and working for a long time, leading to back pain.
Before completing the questionnaires, all of the above
explanations were clarified to patients [21].

2.3. MR Imaging Protocol

A lumbar spine MRI of the patients was performed
in three medical imaging centers with 0.35 Tesla (12
patients), 0.5 Tesla (18 patients), and 1.5 Tesla (188
patients) field strengths and a resolution of 128*128,
256*256, and 256*256 pixels, respectively. All the
images were taken with spin-echo pulse sequences but
various Time Echo (TE) and Repetition Time (TR)
regarding the scanner type and desired image
weighting. All patients were scanned in the supine
position, and sagittal and axial T1 and T2-weighted
images were obtained. A minimum of 16 sagittal slices
with a resolution of 3 mm were obtained for each
patient. All of the MR images were independently
evaluated by three radiologists (with 7, 12, and 15
years of experience) that blinded to the patient’s
information.

HIZ of the lumbar intervertebral disc defines as a
high-intensity signal located in the posterior annulus
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fibrosus on T2-weighted MRI and surrounded by the
low-intensity signal of the annulus fibrosus [22].
Figure 1 represents an example of HIZ in one T2-
weighted slice for one of the patients. The criteria for
an HIZ included a high-intensity signal located in the
posterior annulus fibrosus, clearly dissociated from
the signal of the nucleus pulposus and appreciably
brighter than that of the nucleus pulposus. To better
diagnose annular tears against the calcified tissue, both
T1- and T2-weighted images were evaluated.

Figure 1. Example of HIZ (arrow) in T2-weighted
MRI sagittal images for one of the patients

2.4. Statistical Analysis

All statistical analyses were performed using the
SPSS software package, version 16 (IBM, USA). The
patients were divided into 6 groups based on their
history parameters. The prevalence of lumbar annular
tears was compared among the groups by Kruskal-
Wallis statistical test. The level of statistical
significance was considered at 5%.

3. Results

In this study, 218 patients have been evaluated; 136
cases with annular tears were diagnosed based on their
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MR images. Sixty-three of these patients were men
(46.3%), and 73 were women (53.7%).

Figure 2 illustrates the prevalence of lumbar
annular tears in various sites of the assessed patients.
It was observed that the highest prevalence was
associated with L4/L5 with 43.4% (59/136 patients).
Other diagnosed problems included disc herniation at
38.9% (53/136), spondylolisthesis at 8% (11/136), and
spinal canal stenosis at 53.6% (73/136).
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Figure 2. Prevalence of annular tears (%) in various
lumbar spine joints

The prevalence of patients with lumbar annular
tears (%) divided by their various historical factors is
reported in Figure 3. The patients were divided into
different groups by their history factors and compared
to each other, showing significant differences. Patients
with BMI above 30 had a statistically higher
prevalence of annular tears compared to other factors
(P<0.03). The second important risk factor is the
history of slip-down, and the least important factor is
related to the patients after the trauma. In these
patients, the main problem is usually bone fracture,
hemorrhage, and tissue damage. Therefore, we did not
expect patients with a history of trauma to have a high
amount of annular tears. The LBP is also presented in
Figure 3. It is seen that 84 (61.8%) patients had LBP,
which was associated with the above histories.

Some of the investigated patients had annular tears
in two discs, including 23.6% in L5/S1 & L4/L5 disks,
13.9% in L4/L5 & L3/L4, 13.9% in L3/L4 & L2/L3,
and 1.08% in L2/L3 & L1/L2.

To evaluate the incidence of annular tears regarding
the patient's age, the MR images of the patients under
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and over 50 years were compared. The incidence of
radiating tears in the posterior annulus in the older age
group was more significant than other types of tears
(Peripheral and Circumferential tears), with
degeneration of the nucleus pulposus in a way that
32.6% of patients in the older group showed nuclear
degeneration compared to 5.1% of those under 50
years.

4. Discussion

We have assessed lumbar annular tears' prevalence for
patients with various disease histories and physical
factors. Several similar studies have reported the
prevalence of annular tears in different regions of the
spine [6, 13, 15, 16, 19]. To obtain adequate information
about this disease, one must evaluate and report the
prevalence in other populations of various geographical
regions. Therefore, we tried to report the prevalence in
adult patients using MRI data of patients referred to
general hospitals in Babol, Iran. Notably, there is no
study evaluating the disease prevalence for patients with
different referring reasons to MRI and disease history.

The cervical and lumbar spine are among the first
areas of the human body to show demonstrable imaging
evidence of degenerative joint disease [19, 23]. We

considered HIZs in T2-weighted MRI as an indicator of
annular tears. Many studies have suggested that HIZ can
be associated with LBP and annular tears [24-28];
however, there are also several studies reported that this
typical sign described by Aprill and Bogduk [24] is not a
reliable diagnostic indicator [5, 8, 22]. Therefore, the
diagnostic value of HIZ for LBP and annular tears on
lumbar MR images has always been under discussion
[25, 29, 30]. We assumed that an HIZ illustrated on only
the T2-weighted obtained images often represents an
annular tear, but an HIZ on both T1- and T2- weighted
images indicates calcified tissue [5,18,19]. In this regard,
we also used T1-weighted images to diagnose annular
tears against the calcified tissue better.

Wang et al. [18] suggested that HIZ can indicate some
part of the disc degeneration history. Age-related
histological changes can be observed in the lumbar disc
annulus fibrosis [31]. We did not consider the patient's
age a risk factor for annular tears because it was
previously reported that older patients have significantly
higher risks of annular tears [6, 9, 32]. Therefore, we
tried to evaluate other factors, although, our results
showed that the incidence of radiating tears in the
posterior annulus in the older age group was more
remarkable than other types of tears (Peripheral and
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Figure 3. Prevalence of annular tears (%) regarding patients' historical and physical parameters
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Circumferential tears), with the presence of degeneration
of the nucleus pulposus.

The relationship between cervical/lumbar spine
abnormalities and LBP was reported frequently in
previous studies as a controversial subject [3, 26, 27, 29,
30]. Annular tears were frequently diagnosed on MR
images in patients having LBP or brachialgia [3]. The
present study found that most of the patients having
annular tears on lumbar MR images suffer from LBP. In
fact, the LBP is one of the main primary signs for patients
referred to MR imaging of the lumbar spine. There was
LBP in 84% of patients referred to lumbar MR imaging
in our study. The annulus fibrosis is innervated by the
recurrent meningeal nerve and by the small branches
from the ventral ramus of the somatic nerve [32].
Therefore, the annular tear can be responsible for LBP.

The annular tears may occur without LBP. The
prevalence of annular tears in the lumbar spine of the
symptom-free population was reported in several studies
using MRI data [19,33-35]. The reported prevalence of
posterior annular tears at autopsy in the asymptomatic
population was 40% for patients between 50 and 60 years
and 75% for those between 60 and 70 years [35]. The
lower prevalence of asymptotic patients in our study may
be related to the lower age of our patients. Jensen et al.
[33] found 14% of annular defects in 98 asymptomatic
volunteers examined with axial and sagittal T1- and T2-
weighted MR images. Stadnik et al. [34] found 28
annular tears in 20 patients (56%) of 36 asymptomatic
volunteers using sagittal gadolinium-enhanced T1- and
T2-weighted images. The differences in asymptotic
patients with annular tears reported in previous studies
can be related to the different age ranges of the evaluated
patients. As it was mentioned, the prevalence of
asymptotic patients increases with age.

As we expected, there was no significant difference in
the prevalence of annular tears between males and
females. Our findings revealed that annular tears
occurred mostly at L4/L5 and L5/S1. The results of the
present study are in accordance with previous studies in
different patient populations, demonstrating that the
incidence rate of annular tears is higher at the lower disc
levels [6, 22, 26]. Furthermore, it was reported that the
incidence of LBP was higher when the annular tears
occurred at the lower disc levels (for example, L4/5 or
L5/S1) or when multiple annular tears were diagnosed
[18]. This research observed that radiating annular
imperfections are closely related to nucleus pulposus
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degeneration and are often in the lower lumbar spine or
the posterior annulus.

Among the evaluated history factors, BMI was the
most common reason for LBP, which can be a sign of
annular tears. A BMI higher than 30 was statistically the
most prevalent sign in patients with lumbar annular tears.
The relationship between the incidence of annular tears
and BMI was previously reported [15]. It must also be
mentioned that generally, patients with this case must be
assessed along with other historical factors such as
falling down and slipping down. Being overweight can
be a risk factor for lumbar diseases such as annular tears
[17, 36]; hence, reducing body weight effectively
reduces the risk of annular tears [17, 36].

The present study was performed on patients with
annular tears in the lumbar region. Similar studies can be
conducted on the cervical and thoracic spine.
Furthermore, other historical factors, such as disease
history, can be considered, and the correlation between
the history factors’ values and the prevalence of annular
tears can be assessed in future studies.

5. Conclusion

The prevalence of annular tears regarding different
historical factors was evaluated in the current study.
The LBP and BMI over 30 had the most prevalence of
lumbar annular tears and can be considered possible
risk factors. This study demonstrated that annular tears
are more likely to occur in lower lumbar discs,
especially in L4/L5 and L5/S1 discs. These results can
be helpful to understand better the indicators and
causes of annular tears and LBP following the patient's
history.
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