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Abstract
The precise definition of the cause and mechanism of vertebrogenic pain remains a pressing problem in medicine. Among the

causes of lumbar spinal stenosis, the leading place is occupied by degenerative changes in the intervertebral discs with the develop-

ment of a hernia. The size and localization of the hernia often determine the nature of the clinical symptomatology - pain syndrome

and neurological manifestations. MRI is the main method of diagnosing changes in discs and ligamentous apparatus. In some cases,
the interpretation of MRI images may differ significantly among different specialists. In some patients, its use may be limited. Ultra-

sonography is an alternative method for diagnosing degenerative-dystrophic changes in the motor segment and stenosis of the spinal
canal and nerve root channel.

Objective: The aim of the study was to evaluate the possibilities of ultrasonography in the diagnosis of lumbar spinal stenosis.

Material and Methods: The study included 48 patients with lumbar spinal stenosis due to degenerative changes in the discs at the

age of 41 - 57 years. In 45 patients, a herniated disc was diagnosed, in 7 cases it was recorded at the level of 2 disks (a total of 52

disks with hernias). In three patients, the cause of stenosis was the median protrusion in combination with hypertrophy of the yellow
ligament. 24 patients underwent laminectomy in 31 disks for moderately severe and severe stenosis. All patients underwent X-ray,
MRI, CT and ultrasonography.

Results: In 21 (40,4 ± 6,8%) cases the hernia was paramedian, in 17 (32,7 ± 6,5%) - median and in 14 (26,9 ± 6,1%) - circular types.

In 12 (85,7%) cases laminectomy was due to a circular (5 of them moderate, 7 severe stenosis), in 14 (82,3%) cases median (5 and
9) and in 5 (23,8%) cases (3 and 2) respectively. Laminectomy was significantly more frequent due to the median and circular hernia
than the paramedian (P < 0.001). In 8 (15,4 ± 5,0%) cases the hernia was localized at the level of L3-L4, in 19 (36,5 ± 6,7%) - at the

level of L4-L5 and in 25 (48,1 ± 6,9%) - at the level of L5-S1 respectively. There were no significant differences in the frequency of
laminectomy between L4-L5 and L5-S1. L4-L5 and L5-S1. L3-L4 are much less susceptible to laminectomy than the lower located
disks (P < 0,05; P < 0.001).

Conclusions: Ultrasonography is an informative method for assessing the degree of stenosis of the lumbar spinal canal due to degenerative changes in the intervertebral discs.
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Introduction
The term “stenosis” comes from the Greek word (ΣΤΕΝΟΣΙΣ) meaning “choking” and is often the result of degenerative conditions such

as osteoarthritis and/or degenerative spondylolisthesis. When the spinal nerves in the lower back are choked, lumbar spinal stenosis ocCitation: Rizvan Ya Abdullaiev., et al. “Assessment of the Possibilities of B-Mode Ultrasonography in the Diagnosis of Lumbar Stenosis”. EC
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curs and most often leads to leg pain and other symptoms, as described in more detail below. As we age, the spine changes, often leading
to a degeneration of the vertebrae (bones), discs, muscles and ligaments (connective tissues) that together make up the spinal column.
These changes may lead to spinal stenosis [1].

Overall, spinal stenosis symptoms are often characterized as:
•
•

Developing slowly over time, or slow onset

•

Coming and going, as opposed to continuous pain

•

as standing upright for lumbar stenosis)

Occurring during certain activities (such as walking for lumbar stenosis, or biking while holding the head upright) and/or positions (such
Feeling relieved by rest (sitting or lying down) and/or any flexed forward position [2].

The nature of changes in intervertebral discs is reflected in the classification of the American Society of Radiology of the spine, which is

developed by Fardon DF., et al. (2001, 2014). Among the causes of stenosis of the spinal canal, the herniated intervertebral disk takes the
leading place. By reasons of simplicity and common usage, “herniated disc” is the best general term to denote displacement of disc mate-

rial. The term is appropriate to denote the general diagnostic category when referring to a specific disc and to be inclusive of various types

of displacements when speaking of groups of discs. The term includes discs that may properly be characterized by more specific terms,

such as “protruded disc” or “extruded disc”. The term “herniated disc” refers to localized displacement of nucleus, cartilage, fragmented
apophyseal bone, or fragmented annular tissue beyond the intervertebral disc space. “Localized” is defined as less than 25% of the disc
circumference [3].

In the radiologic literature, the definition of a disc herniation has often been framed by morphologic characteristics discernable on

available imaging exams. Early radiologic literature defined a herniation as a focal bulge of the disc annulus (double density sign) as this
represented the criteria for diagnosis on myelography. Subsequent definitions have been framed in terms of CT findings [3].

Diagnostic imaging studies for patients with any type of spinal stenosis include either an MRI scan or a CT scan with myelogram (us-

ing an X-ray dye in the spinal sac fluid), and sometimes both. Plain CT scans can better identify bony causes of spinal stenosis, but cannot

give the same detail for soft tissue causes of stenosis such as disc bulges, disc herniations, and ligament hypertrophy. Due to this changing
compression, spinal stenosis symptoms vary from time to time and the physical examination generally will not show any neurological
deficits or motor weakness. Certain activities and body position may trigger the symptoms.

MRI is the preferred method of diagnosing and evaluating spinal stenosis of all areas of the spine, including cervical, thoracic and

lumbar. MRI is useful to diagnose cervical spondylotic myelopathy (degenerative arthritis of the cervical spine with associated damage to

the spinal cord). The finding of degeneration of the cervical spinal cord on MRI can be ominous; the condition is called myelomalacia or

cord degeneration. It is seen as an increased signal on the MRI. In myelopathy (pathology of the spinal cord) from degenerative changes,
the findings are usually permanent and decompressive laminectomy will not reverse the pathology. Surgery can stop the progression of

the condition. In cases where the MRI changes are due to Vitamin B-12 deficiency, a brighter prospect for recovery can be expected [4,5].
The reliability of interpretation of MRI findings is to some degree taken for granted. However, several studies have been undertaken

to assess the concordance of different physicians in reporting findings such as disk degeneration, protrusions and herniations, and spinal
stenosis at MR imaging. In general, the concordance found in those studies ranged from moderate to excellent, depending on the MR im-

aging finding that was being evaluated. However, these studies may have resulted in overestimation of that concordance, as it was often
between only two or three highly specialized readers who, in most cases, worked together in a research setting. This may have led to an

informal agreement in their diagnostic criteria. Only seven studies, focusing on disk degeneration, spondylolisthesis, and spinal stenosis,
assessed the concordance of more than three observers, and most of these studies still included only physicians who worked together in
research settings [6-10].
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Dural sac area (DSA) is the most widely accepted measure for central canal stenosis and correlates well with pain and function in many

studies (NASS) [11]. The DSA has been shown to correlate with clinical symptoms and function, and is more effective in the assessment of
central canal stenosis than is the AP diameter of the bony canal. Dural sac area can be determined by the formula:
DSA= r1 x r2 x 3 where r is dural bag radius [12].

When grading the severity of LSS, moderate or severe disease should indicate, to the extent possible, clinically significant disease in

patients with appropriate clinical presentations. A grade of moderate or severe should have a high positive predictive value of a good or
excellent result with surgical decompression at this level in a patient with neurogenic claudication (and no confounding vascular disease).

Since a dural sac area (DSA) of 75 mm2 has been shown to result in a measured increase in pressure on the cauda equina (Schцnstrцm),
this has been set as the threshold for moderate stenosis:
Mild - DSA 75 - 100 mm2

Moderate - DSA 50 - 75 mm2
Severe - DSA < 50 mm2

The DSA can be estimated easily with the following formula: r1 x r2 x 3. Ogikubo., et al. showed a linear correlation of DSA with symp-

toms [12,13]. Shizas., et al. has since introduced a more practical method for assessing central canal stenosis which relies on effacement
of subarachnoid space and dorsal epidural fat [14]:
•
•

A - Narrowing of the dural sac with preservation of subarachnoid space.

•

well defined.

•

B - Narrowing with rootlets occupying the whole dural sac, CSF persists with decrease signal intensity, and nerve roots remain
C - Narrowing with loss of definition of the nerve roots and the CSF showing a homogeneous gray signal. Dorsal epidural fat
persists.
D - Same as C with effacement of dorsal epidural fat.

Both Schizas., et al. and Lonne., et al. showed good interobserver correlation with this system, and Lonne., et al. showed a moderate

correlation with the dural sac area. Lonne., et al. showed that in general, grades B-D corresponded to a DSA of ≤ 75 mm2 [15].

Lee., et al. introduced a similar grading system however focused more on aggregation of the cauda equina than on effacement of sub-

arachnoid space [16]:
•
•
•

Grade 1 - Effacement of ventral subarachnoid space, the cauda equina occupying the entire dural sac, and with good definition
of the individual nerve roots.

Grade 2 - CSF space moderately obliterated with some aggregation of the cauda equina.

Grade 3 - Effacement of CSF with complete obliteration of cauda equina detail, the cauda equina appearing as a cord-like
structure.

The Lee system shows excellent interobserver reliability [17]. In addition, Park., et al. in a 2013 study showed a moderate correlation

of the Lee system with clinical symptoms and findings on physical exam [18].

These two systems are very similar with Shizas Grades A-C corresponding to Lee grades 1-3. The Shizas system introduces an extreme

stenosis grade based on the effacement of dorsal subarachnoid fat. The following system represents a synthesis of these two very valid
grading schemes:
1.
2.
3.
4.

Narrowing of the dural sac with preservation of subarachnoid space;

Partial effacement of subarachnoid space with some aggregation of the cauda equina;

Complete effacement of subarachnoid space with loss of definition of the cauda equina;

Complete effacement of subarachnoid space with loss of definition of the cauda equina and effacement of dorsal epidural fat.
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Ultrasound is usually most effective with tissues that have high collagen content such as tendons, ligaments, joint capsules, and fascia.

Spinal ultrasonography has been used to investigate degenerative disc disease to determine whether back pain is a consequence of fissur-

ing or herniation of the gelatinous discs that separate the vertebrae. Spinal ultrasound has also been used in the assessment of injuries
to paraspinal ligaments after spinal fractures. Although ultrasonography has limited ability to reveal bone and tissues surrounding bone,
it has been studied as a means to assess the posterior ligament complex that contributes to the maintenance of spinal stability [19,20].

The American Institute of Ultrasound in Medicine (AIUM) Ultrasound Practice Accreditation Council has developed standards for the

accreditation of ultrasound practices. These standards serve as a benchmark for ultrasound professionals seeking to meet nationally ac-

cepted protocols [21,22]. In previous studies, the role of ultrasound in diagnosis of degenerative diseases of the intervertebral discs are
presented [23]. Development of ultrasound semiotics of the lumbar spinal stenosis is an actual task.

Objective

The aim of the study was to evaluate the possibilities of ultrasonography in the diagnosis of lumbar spinal stenosis.

Material and Methods

The study included 48 patients with lumbar spinal stenosis due to degenerative changes in the discs at the age of 41-57 years. In 45

patients, a herniated disc was diagnosed, in 7 cases it was recorded at the level of 2 disks (a total of 52 disks with hernias). In three patients, the cause of stenosis was the median protrusion in combination with hypertrophy of the yellow ligament. 24 patients underwent
laminectomy in 31 disks for moderately severe and severe stenosis. All patients underwent X-ray, MRI, CT and ultrasonography.

The frequency of occurrence of various types of hernias and protrusions, the relationship between them and the degree of stenosis

of the spinal canal were determined using the methods of variation statistics for the computer program “Statgraphics” version 3.0 (USA)
and “Microsoft Excel” version SO (USA).

Results

In 21 (40,4 ± 6,8%) cases the hernia was paramedian, in 17 (32,7 ± 6,5%) - median and in 14 (26,9 ± 6,1%) - circular types. In 12

(85,7%) cases laminectomy was due to a circular (5 of them moderate, 7 severe stenosis), in 14 (82,3%) cases median (5 and 9) and in 5

(23,8%) cases (3 and 2) respectively (Table 1). Laminectomy was significantly more frequent due to the median and circular hernia than
the paramedian (P < 0.001). In 8 (15,4 ± 5,0%) cases the hernia was localized at the level of L3-L4, in 19 (36,5 ± 6,7%) - at the level of

L4-L5 and in 25 (48,1 ± 6,9%) - at the level of L5-S1 respectively. There were no significant differences in the frequency of laminectomy
between L4-L5 and L5-S1. L3-L4 are much less susceptible to laminectomy than the lower located disks (P < 0,05; P < 0,001).
Degree of stenosis
Mild

Moderate

Moderately severe
Severe

The localization of the hernia (52 disks)

Protrision (n = 3)

Paramedian (n = 21)

Median (n = 17)

Circular (n = 14)

9 (42,9 ± 10,8%)

1 (5,9 ± 5,7%)

-

2 (66,7 ± 27,2%)

7 (50,0 ± 13,4%)

-

7 (33,3 ± 10,3%)
3 (14,3 ± 7,6%)
2 (9,5 ± 6,4%)

2 (11,8 ± 7,8%)

5 (29,4 ± 11,0%)
9 (52,9 ± 12,1%)

2 (14,3 ± 9,4%)

5 (35,7 ± 12,8%)

1 (33,3 ± 27,2%)
-

Table 1: The relationship between the degree of lumbar spinal stenosis and the nature of degenerative changes in
intervertebral discs.
The stenosis variants according to the size of the vertebral canal are relative. Clinically, stenosis of the vertebral canal can be mani-

fested with a decrease in its anterior-lateral size or transverse area so much that compression of the spinal cord occurs or irritation of

the roots of the spinal nerves. The size and shape of the spinal canal and the spinal nerve canals depend on the degree of compression of
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the dural sac and nerve roots. Localization of hernia or protrusion determines the nature of the deformation of the vertebral and lateral
channels.

Normally, the posterior contour of the intervertebral disk is horizontal, the lumen of the vertebral canal is oval, the area of the dural

sac along with the subarachnoid space exceeds 2 cm2, and the sagittal size is more than 12 mm (Figure 1).

Figure 1: Axial section of the normal intervertebral disk of L2-L3 and
spinal canal. The area of the spinal canal is 249,8 mm2.

A mild spinal stenosis in patients with paramedian hernia was observed in 42.9% of cases, with a median hernia of 5.9%, and with

protrusion of discs in 66.7% of cases (Figure 2). Moderate stenosis among patients with paramedian hernia was recorded in 7 (33.3 ±
10.3%) cases, and with protrusion - in only one case (Figures 3, 4).

Figure 2: Axial section. Mild lumbar spinal stenosis at the level of L3-L4
(right arrow). Left arrows show right large paramedian-postlateral
hernia.
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Figure 3: Axial section. Moderate lumbar spinal stenosis at the level of L4L5 due to protrusion of the disc (upper arrow) and severe hypertrophy of
the yellow ligament (lower arrow).

Figure 4: Axial section. Moderate lumbar spinal stenosis (right arrow) at
the level of L3-L4 due to right paramedian hernia (left arrow).
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Median hernias cause the maximum reduction of the sagittal size of the dural sac (Figure 5). At circular hernia of disks, a simultaneous

narrowing of the dural sac and lateral canals is observed, which is more often on the lumbar level. The combination of the median and
paramedian hernia with hypertrophy of the yellow ligament increases the degree of spinal stenosis (Figures 6-8). The severe stenosis of
the spinal canal was observed with sequestering hernias (Figures 9-11).

Figure 5: Axial section. Moderately severe lumbar spinal stenosis (lower
arrow) at the level of L4-L5 due to large median hernia (upper arrow).

Figure 6: Axial section. Moderately severe lumbar spinal stenosis at the
level of L4-L5 due to right paramedian hernia of the disc (upper arrow)
and severe hypertrophy of the yellow ligament (lower arrow).
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Figure 7: Axial section. MRI view of the moderately severe
lumbar spinal stenosis at the level of L4-L5 due to right paramedian hernia of the disc and severe hypertrophy of the yellow
ligament.

Figure 8: Axial section. CT and Ultrasonographic view of the large median hernia with
moderately severe stenosis of the lumbar spinal canal at the level of L4-L5. On the
ultrasonogram, the hypertrophied yellow ligament is visualized (arrow).

Citation: Rizvan Ya Abdullaiev., et al. “Assessment of the Possibilities of B-Mode Ultrasonography in the Diagnosis of Lumbar Stenosis”. EC

Orthopaedics 9.3 (2018): 84-95.

Assessment of the Possibilities of B-Mode Ultrasonography in the Diagnosis of Lumbar Stenosis
92

Figure 9: Axial section. MRI of the large median sequestering
hernia with severe stenosis of the lumbar spinal canal at the level
of L3-L4.

Figure 10: Axial section. Ultrasonographic image of the large
median sequestering hernia with severe stenosis of the lumbar
spinal canal at the level of L3-L4. In the color Doppler mode,
epidural vessels are visualized in the center of the spinal canal,
which are pushed aside by a sequestering hernia.
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Figure 11: Axial section. Severe lumbar spinal stenosis at the
level of L5-S1 is due to large circular hernia.

Discussion
Stenosis of the spinal canal is often observed in patients with a different localization of vertebrogenic pain. By the term “vertebral canal

stenosis,” a clinically significant reduction in the boundaries of the vertebral canal is determined. According to the etiologic principle, the
dysplastic, degenerative, post-traumatic, and, according to localization, concentric, medial, lateral, and foraminal types of stenosis are dis-

tinguished. The stenosis variants according to the size of the vertebral canal are relative. Clinically, stenosis of the vertebral canal can be

manifested with a decrease in its anterior-lateral size or transverse area so much that compression of the spinal cord occurs or irritation
of the roots of the spinal nerves. The size and shape of the spinal canal depend on the degree of compression of the dural sac. Localization
of hernia or protrusion determines the nature of the deformation of the spinal canal.

Degenerative changes in the discs, especially the formation of a hernia, are the most frequent causes of spinal stenosis [3]. MRI is the

preferred method of diagnosing and evaluating spinal stenosis of all areas of the spine, including cervical, thoracic and lumbar. Previous
studies have shown that there is some disagreement between specialists in interpreting the results of tomography. The degree of stenosis
can be estimated both by the sagittal size and the area of the spinal canal. The most progressive method for assessing the degree of stenosis of the spinal canal is proposed by Schiza C and Lee GY [14,17].

In ultrasonography, we used a modified classification of Schiza C and Lee GY. The results of our studies showed that the median hernias

and protrusions cause a maximal decrease in the anterior posterior size of the dural sac. The contraction of the latter, due to paramedical

hernias and protrusions, is less pronounced than the median condition. The least spinal canal deforms when posterolateral localization

of a hernia or protrusion. At circular protrusions of disks, a simultaneous narrowing of the dural sac and spinal nerve canals is observed,
which is more often on the lumbar level.
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We compared the results of ultrasonography with MRI and CT. In thin patients, ultrasonographic images of the elements of the spinal

canal were excellent, in patients with moderate fatness slightly inferior to MRI. In three cases of stenosis of the spinal canal in well-fed

patients who underwent laminectomy, the results of ultrasonography were unsatisfactory and the decision for surgery was taken only on
the basis of MRI.

Conclusions

Ultrasonography is an informative method for assessing the degree of stenosis of the lumbar spinal canal due to degenerative changes

in the intervertebral discs.
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