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Abstract

Materials and Methods: A retrospective analysis of the ultrasonography results of 180 lumbar intervertebral discs in 36 children
aged 13 - 18 years was carried out. In 43 discs, degenerative changes in the nucleus pulposus and annulus fibrosus were detected,
while the integrity of the annulus fibrosus was preserved. The examination was performed in sagittal and axial views. In the sagittal
projection, the height of the vertebral bodies and intervertebral discs was measured, and in the axial projection, the anteroposterior

dimensions of the central and lateral spinal canals were measured.

Results: In 4 (9.3 £ 4.4%) cases, the protrusion was located at the L2-L3 level, in 7 (16.3 £ 5.6%) cases - at the L3-L4 level, in 15 (34.9
+7.3%) cases - at the L4-L5 level, and in 17 (39.5 + 7.5%) cases - at the L5-S1 level, respectively. There were no significant differences
in the frequency of occurrence between L2-L3 and L3-L4, as well as L4-L5 and L5-S1. The lower located lumbar discs (74,4%) were
significantly more affected than the upper (25,6%) ones (P < 0.001).

Median protrusion localization was recorded in 19 (44.2 + 7.6%) cases, paramedian - in 18 (41.9 £ 7.5%) cases, and posterolateral -
in 6 (13.9 + 5.3%) cases, respectively. The median and paramedian protrusions was significantly more frequently recorded than the
posterolateral (P < 0,01) types.

Conclusion:

1. Among high school-aged children, lumbar intervertebral disc protrusion of lower (L5-S1 and L4-L5) locations is significantly (P

< 0.001) more common than of the upper (L2-L3 and L3-L4) locations.
2. Median and paramedian protrusion locations are significantly (P < 0.01) more common than posterolateral protrusion.
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Introduction

Degenerative disc disease is a condition that occurs due to the erosion of one or more intervertebral discs, causing the vertebrae to rub
against each other, leading to dysfunction of the spinal motion segment. The disease most often develops at the level of the lower lumbar

discs and is accompanied by the development of pain and a deterioration in the patient’s quality of life [1].
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Degeneration of the intervertebral discs can also lead to severe pain and chronic discomfort in the knees, back, hips, shoulders, and
neck [2]. A crack or tear in the disc structure causes the discs to bulge into the spinal canal (nucleus pulposus herniation), which causes

excessive pressure on the spinal nerves [3].

Repetitive mechanical stress is the most common cause of clinical symptoms in patients with degenerative changes in the intervertebral
discs. Among the factors, mechanical stress is one of the causative factors that can contribute to the development of this condition due
to common occupational exposures such as heavy lifting or vibration, obesity, or trauma [4,5]. Some researchers note that genetic

predisposition may play a role in the development of disc degeneration [6].

Further progression of degenerative changes in the nucleus pulposus with increasing dehydration leads to the formation of
calcifications and thinning of the cartilaginous endplates, which reduces the diffusion of nutrients into the disc. All these processes result

in the formation of microcracks in the subchondral bone and a significant reduction in the blood supply to the endplates [7-9].

An intact intervertebral disc’s nucleus pulposus has a gelatinous, soft, viscous, and well-hydrated structure. Meanwhile, the annulus
fibrosus consists of concentric lamellae of collagen fibers. Gradually, the nucleus pulposus dehydrates and loses its ability to act as a shock
absorber, and with constant damage, it becomes rigid and dehydrated. All these changes in the discs lead to a decrease in their height
and an increase in surface area, thereby disrupting normal load transfer and further damaging the annulus fibrosus. Disc displacement,

protrusion or herniation, instability, and back pain are all the result of damage to the annulus fibrosus [4,10-13].

Herniated discs are among the most common causes of disability across age groups. Their development is caused by a combination of
factors including genetic predisposition, degeneration, and prolonged mechanical stress. Advances in diagnostic imaging techniques and

image analysis using artificial intelligence have facilitated early diagnosis and treatment planning [14].

With minimal disc degeneration in the early stages of osteochondrosis, clinical symptoms are minimal or absent. The intensity, location,
and prevalence of pain vary depending on the degree and location of the greatest disc erosion [8]. It should be noted that movements that

reduce stress on the lower back, such as sitting or lying down, can help alleviate back pain [15,16].

Diagnosing the causes of low back pain and intervertebral disc degeneration is complex due to the presence of multiple factors. Imaging

is essential to identify the underlying and associated pathologies that are fundamentally related to the development of pain [17,18].

Although X-ray imaging is the most common method for examining the spinal column, it does not directly visualize the intervertebral
discs and defines the discs as intervertebral spaces. A marked decrease in disc height or “intervertebral space” occurs with severe

degenerative disc changes. Currently, magnetic resonance imaging is the primary method for diagnosing osteochondrosis [19].

In recent years, ultrasound has been effectively used not only in diagnosing soft tissue pathologies of the extremities but also in

visualizing intervertebral discs in the cervical and lumbar spine [20,21].

Objective of the Study

The aim of the study was to determine the capabilities of ultrasonography in identifying and localizing protrusion of lumbar

intervertebral discs in older school-age children.
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Materials and Methods

A retrospective analysis of the ultrasonography results of 180 lumbar intervertebral discs in 36 children aged 13-18 years was carried
out. In 43 discs, degenerative changes in the nucleus pulposus and annulus fibrosus were detected, while the integrity of the annulus
fibrosus was preserved. The examination was performed in sagittal and axial views. In the sagittal projection, the height of the vertebral
bodies and intervertebral discs was measured, and in the axial projection, the anteroposterior dimensions of the central and lateral spinal

canals were measured.

Results

In the sagittal plane, the lumbar intervertebral discs at L3-L4 were visualized along the abdominal midline at the level of the umbilicus.
Upward movement of the ultrasound transducer visualized the L2-L3 and L1-L2 discs, while downward movement allowed visualization
of the L4-L5 and L5-S1 discs. Sagittal views allowed assessment of the position of the lumbar vertebral bodies, the presence of ante- or
retrolisthesis, and measurement of disc height. Axial sonograms clearly visualized the disc structure-the nucleus pulposus and annulus

fibrosus, the central spinal canal, and the spinal nerve canals.

On axial imaging, a normal lumbar intervertebral disc has ahomogeneous structure, and the posterior contour appears as a hyperechoic

horizontal linear structure (Figure 1).

Figure 1: Visualization of the lumbar intervertebral disc at L3-L4. The upper arrow shows the nucleus pulposus, and the short arrows

show the central spinal canal. The posterior margin of the disc has a hyperechoic horizontal structure (upper short arrow).

On axial ultrasound images, a direct sign of protrusion of lumbar intervertebral discs was the localized protrusion of the posterior
disc margin toward the spinal canal by more than 2 mm from the horizontal line. The integrity of the outer margin of the fibrous ring
was always preserved, and hyperechoic inclusions were visualized in the nucleus pulposus, most often located near the fibrous ring.
Depending on the location of the protrusion of the posterior margin of the disc, median, paramedian, and posterolateral protrusions were
distinguished (Figure 2-4).
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Figure 2: Right-sided paramedian protrusion of L4-L5. The upper arrow shows hyperechoic inclusions - degenerative changes at the

border of the nucleus pulposus and the fibrous ring, and the lower arrow - the protrusion.

Figure 3: Median protrusion of L5-S1. The upper arrow shows hyperechoic inclusions - degenerative changes at the border of the

nucleus pulposus and the fibrous ring, and the lower arrow - the protrusion.

Figure 4: Left sided posterolateral protrusion of L5-S1 (arrows). The spinal nerve canal is narrowed.
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Median protrusion localization was recorded in 19 (44.2 + 7.6%) cases, paramedian - in 18 (41.9 * 7.5%) cases, and posterolateral
-in 6 (13.9 £ 5.3%) cases, respectively. The median and paramedian protrusions was significantly more frequently recorded than the

posterolateral (P < 0,01) types (Table 1).

The type of protrusion Protrusion

1 Median 19 (44.2 £ 7.6%)
P 5-3<0,01

2 Paramedian 18 (41.9 + 7.5%)
P 4-3<0,01

3 Posterolateral 6 (13.9 £ 5.3%)

Table 1: The level of localization of the protrusion inside of lumbar spine canal.

In 4 (9.3 + 4.4%) cases, the protrusion was located at the L2-L3 level, in 7 (16.3 + 5.6%) cases - at the L3-L4 level, in 15 (34.9 + 7.3%)
cases - at the L4-L5 level, and in 17 (39.5 + 7.5%) cases - at the L5-51 level, respectively (Table 2). There were no significant differences
in the frequency of occurrence between L2-L3 and L3-L4, as well as L4-L5 and L5-S1. Protrusion of L4-L5 and L5-S1 was recorded
significantly more often than L2-L3 (P < 0.05 and P < 0.01) and L3-L4 (P < 0.05 and P < 0.01), respectively.

The level of IVD Protrusion

1 L1-L2 -

2 L2-L3 4 (9.3 £4.4%)

3 L3-L4 7 (16.3 £ 5.6%)

4 L4-L5 15 (34.9 £ 7.3%)
P 4-3<0,05
P4-2<0,01

5 L5-S1 17 (39.5 £ 7.5%)
P 5-3<0,05
P5-2<0,001

Table 2: The lumbar intervertebral disc levels with protrusion.

The lower located lumbar discs (74,4%) were significantly (P < 0.001) more affected than the upper (25,6%) ones (Table 3).

The level of IVD Protrusion

High level L2-L3 and L3-L4 11 (25,6 * 6,7%)

Lower level L4-L5 and L5-S1 32 (74,4 £ 6,7%)
P <0,001

Table 3: The lumbar intervertebral disc levels with protrusion.

Discussion
Early diagnosis is crucial for effective treatment and preventive measures to delay the progression of degenerative changes in the
spinal motor segment. Diagnosis of degenerative disc disease includes history, analysis of clinical symptoms, results of functional tests

and imaging methods such as radiography, magnetic resonance imaging (MRI), ultrasound [22,23].
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Typically, the first imaging method for investigating degenerative disc disease is routine anteroposterior and lateral radiography.
Radiography is not known to directly visualize the discs themselves, viewing them as intervertebral spaces. Since there is no noticeable
reduction in disc height in the early stages of osteochondrosis, radiography only reveals osteophytes, narrowing of the facet joint spaces,
and flattening of the lordosis [24].

MRI is considered the best non-invasive method for examining intervertebral discs, as it allows for better differentiation of the
soft tissue structure of the spinal motion segment [25]. According to MRI, the most common manifestation of disc degeneration is its
dehydration and most often it is recorded only at the L4 /L5 level [26].

In recent years, ultrasonography has been actively introduced into the diagnosis of musculoskeletal pathologies, in particular to

determine the causes of low back pain [27,28].

Ultrasound imaging is a cheap method, which is not inferior to MRI in terms of visualization. Our investigations demonstrated that
discs L4-L5, L5-S1 most often undergo degenerative changes. This indicates a great opportunity for echography, especially in pediatrics

and use it as a screening study.

Conclusion:

1. Among high school-aged children, lumbar intervertebral disc protrusion of lower (L5-S1 and L4-L5) locations is significantly (P <

0.001) more common than of the upper (L2-L3 and L3-L4) locations.

2. Median and paramedian protrusion locations are significantly (P < 0.01) more common than posterolateral protrusion.
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