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ABSTRACT 

BACKGROUND 

Degenerative changes in the intervertebral discs occupy a leading place among the causes of lower back pain. The most 

common diagnostic method for hernia and disc protrusion is MRI. In some patients, its use may be limited. Ultrasonography 

is an alternative method for diagnosing degenerative changes in discs and the causes of low back pain. 

OBJECTIVE 

To determine the frequency of herniated or protruded discs in patients with lumbar back pain and to correlate clinical 

symptoms with ultrasound findings. 

MATERIAL AND METHODS 

An analysis of the results of ultrasonography of 127 patients with lower back pain caused by degenerative changes in the 

discs in the form of hernias (86 discs) and protrusion (73 discs) was performed. In 37 patients, spinal stenosis was 

diagnosed, 25 of them underwent a laminectomy. 

RESULTS 

Lumbago was observed in 42 (33,1%) patients, sciatica - in 54 (42.5%), lumbago in combination with sciatica - in 31 

(24.4%) patients, respectively. A total of 86 herniated and 73 protrused discs were defined.  

Among patients with lumbago hernia was diagnosed in 14 (16.3% ± 3.9%) cases, with Sciatica  in 45 (52.3% ± 5.4%) cases, 

with a combination of Lumbago and Sciatica - in 27 (31.4% ± 5.0%) cases, respectively. Protrusion was diagnosed in 35 

(47.9% ± 5.8%), in 23 (31.5% ± 5.4%) and in 15 (20.6% ± 4.7%) cases, respectively. A hernia was significantly more 

frequently observed among patients with sciatica (P<0.001 and protrusion among patients with lumbago (P<0.001 and 

P<0.05). 
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In 13 (15.1% ± 3.9%) the herniated discs was median, in 31 (36.0% ± 5.2%) - paramedian and in 42 (48.9% ± 5.4%) - 

foraminal types. In 37 cases was diagnosed spinal stenosis caused by the degenerative changes in the discs. 25 patients 

underwent laminectomy for moderate and severe spinal stenosis. In 12 (92.3% ± 7.4%) cases spinal stenosis was caused by 

a median hernia, in  23 (74.2% ± 7.9%) cases by a paramedian hernia and in 2 (4.8% ± 3.2%) cases by a  foraminal hernia. 

Severe spinal stenosis was significantly more frequent due to the median hernia (P<0.001). 

CONCLUSION 

The ultrasonography can be used not only as a screening for detecting degenerative changes in the discs, but also for 

accurate diagnosis of hernia and protrusion. The results of ultrasonography in most cases explain the clinical symptoms of 

back pain. It was found that sciatica more often occurs in the presence of foraminal and paramedian hernia at the level of 

L5-S1, severe stenosis of the spinal canal - in patients with median hernia. 
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1. INTRODUCTION 

In childhood, the hydrophilicity of the intervertebral 

discs reaches about 85%. With age, the dehydration of 

the discs occurs, and already in old age the amount of 

water in them decreases to 70%. In some people, in the 

presence of a number of factors, the dehydration process 

occurs early and more progressively in adolescence, and 

this leads to changes in the shape and geometry of the 

discs [1]. Throughout life, cell density gradually 

decreases, the metabolite transport increases, and un a 

certain moment this process stops [2]. After completion 

of further skeletal growth, the density of the pulpous 

nucleus is usually 25% of the density of the fibrous ring. 

Biochemical changes in the pulpous nucleus lead to a 

decrease in hydrostatic pressure in it and also its volume. 

In the future, it is displaced and protruded towards the 

fibrous ring [3]. Slight protrusion of the disc, due to age, 

is not pathological and is not accompanied by back pain. 

In this case, MRI can already detect a slight decrease in 

the hydrophilicity of the disk [4]. 

If normal discs lose height <1% per year, then 

degeneration discs, about 3% per year [5]. The height of 

the fibrous ring largely determines the separation of the 

surrounding nerve plexuses, therefore, an increase in the 

area of the disk due to a decrease in its height causes a 

strong compression load on the apophysial joints [6]. In 

addition, loss of disc height weakens the intervertebral 

ligaments, which leads to segmental instability of the 

vertebral bodies [7].  

In front, the height of the lower lumbar intervertebral 

discs is higher than in the back, and behind the fibrous 

ring is thinner than in front. This characteristic can help 

the discs dissipate energy from sudden compression 

overload during extension and, at the same time, makes 

them more vulnerable to injuries when bending forward. 

Degeneration caused by damage to the locking plate 

often develops at a younger age, since the main structural 

defects of the locking plate may be congenital in origin. 

Degeneration involving the fibrous ring in the process 

tends to increase throughout life, since it depends more 

on the accumulation of repeated injuries than on birth 

defects, and also because age-related biochemical 

changes make the fibrous ring more vulnerable to 

mechanical stress. The clinical consequences of 

degeneration caused by damage to the endplate can be 

relatively less serious, since the underlying damage to the 

bone endplate and vertebral body can heal. On the 
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contrary, the relatively low healing potential of the 

fibrous ring can lead to repeated injuries, an enhanced 

inflammatory reaction and more severe pain from the 

nerve root innervating the fibrous ring [8].  

On the one hand, the acceleration of biochemical and 

functional changes in aging on some discs, especially in 

the lower lumbar spine, on the other hand, mechanical 

damage to the disc contributes to the development of 

degenerative disease. According to the results of MRI, 

there is a correlation between the decrease in T2 signals 

and the degree of dehydration of the pulpous nucleus of 

the intervertebral discs [9].  

Throughout life, approximately 60% - 90% of the 

population may experience back pain. The spinal 

segment L5-S1 is the most common source of lower back 

pain. Due to the forces acting on this segment, as well as 

the range of motion it provides, it is prone to injury or 

degeneration [10]. The term “lower back pain” refers to 

“pain limited to the area between the lower edges of the 

12
th

 rib and the gluteal folds”. It is the most common type 

of back pain [11].  

A large number of previous studies show a relationship 

between degenerative changes in the intervertebral discs 

and back pain or sciatica. It should be noted that back 

pain most often occurs when there is a crack or rupture of 

the fibrous ring, structural changes in the endplates of the 

vertebral body and prolapse of the fibrous ring, leading to 

a significant narrowing of the spinal canal [12,13].  

Severe back pain is closely related to radial cracks that 

reach the periphery of the disc. The innervation of the 

fibrous ring is usually limited to a depth of 3 mm at its 

periphery, although nerves can grow further along radial 

fissures [14]. Intense pain arising from the periphery of 

the fibrous ring was demonstrated in studies using 

provocation and blocking, and can be attributed to 

sensitization of nerves in destroyed and inflamed tissue, 

enhanced by diffusion of chemicals from the internally 

displaced pulpous nucleus [15].  

Often, the causes of back pain are multifactorial. One of 

the pathogenetic mechanisms of back pain can be an 

inflammation of the epidural space due to hypothermia, 

uncomfortable forced position of the body, unbalanced 

weight lifting. Low back pain can manifest as lumbago or 

sciatica. In such cases, it is very important to determine 

the intensity and nature of the pain, the area of their 

spread.  

Given that disc herniation is the most common cause of 

radiculopathy, its diagnosis is important. Many clinical 

studies have been devoted to the study of this issue. Each 

of them individually does not explain all the questions 

that have arisen and only partially cover some aspects of 

lumbar radiculopathy [16,17].   

Accurate diagnosis of radiculopathy requires a 

comparison of clinical symptoms and the results of MRI 

or CT, allowing visualization of protrusion or hernia of 

the disk, to determine stenosis of the spinal canal, the 

presence of an inflammatory process in the epidural 

space [18,19]. 

An alternative method of imaging the intervertebral discs 

of the cervical and lumbar spine is ultrasonography. The 

American Institute of Ultrasound in Medicine (AIUM) 

and Ultrasound Practice Accreditation Council (UPAC) 

has developed standards for the accreditation of 

ultrasound practices [20,21]. 

From the clinical point of view, the solution to the 

problem of vertebrogenic pain involves the definition of 

the source of pain, the establishment of its mechanisms 

and paths for its elimination. The lumbar plexus block 

can be used as the only method or in combination with 

the sciatic nerve block for pain relief in back pain with 

sciatica. The lumbar plexus is located in an intramuscular 

fascial plane within the posterior one-third of the psoas 
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muscle and is very closely related to the lumbar 

transverse processes [22]. 

2. OBJECTIVE 

To determine the frequency of herniated or protruded 

discs in patients with lumbar back pain and to correlate 

clinical symptoms with ultrasound findings. 

3. MATERIAL AND METHODS 

The study included 127 patients with lower back pain of 

unilateral localization. Back pain was divided into the 

following types: lumbago, sciatica, lumbago in 

combination with sciatica. Among all patients, only 

hernia was diagnosed in 53 cases, only protrusion - in 48 

cases, hernia in combination with protrusion at 2 lumbar 

levels - in  19 persons (21 hernia and 16 protrusion) and 

at 3 lumbar levels - in  7 persons (12 hernia and 9 

protrusion) was diagnosed (total 98 hernia and 86 

protrusion), respectively.  

In 54 cases, these changes in the discs contributed to the 

development of spinal stenosis. 28 patients underwent 

laminectomy in 37 disks for spinal canal stenosis. The 

age of patients ranged from 27 years to 62 years, of 

which 73 men, and 54 women.  

All patients underwent X-ray, MRI and ultrasonography. 

Ultrasonography (USG) was conducted on a Philips HD 

11 XE device using a convection transducer in the 

frequency range 2 MHz - 5 MHz; MRI - General 

Electric, Signa HDI, 1.5T.  

Differences in the proportion correctly localized lesions 

were tested using the chisquare statistic. P-values <0.05 

were considered statistically significant. 

4. RESULTS 

Back pain was divided into the following types: lumbago, 

sciatica, lumbago in combination with sciatica. Lumbago 

was observed in 42 (33.1%) patients, sciatica - in 54 

(42.5%), lumbago in combination with sciatica - in 31 

(24.4%) patients, respectively. Among the examined 

patients, at one lumbar level, only a herniated discs in 53 

cases and  only protrused discs in 47 cases was defined. 

In 19 patients, degenerative changes were diagnosed at 

two lumbar levels - 21 herniated and 17 protrused discs. 

In 7 cases, degenerative changes were diagnosed at three 

lumbar levels - 12 herniated and  9 protrused discs. A 

total of 86 herniated and 73 protrused discs were defined, 

respectively (Table 1). 

 
Table 1: The relationship between clinical symptoms of 

lumbar back pain and the type of degenerative changes in the 

lumbar discs. 

Among patients with lumbago hernia was diagnosed in 

14 (16.3% ± 3.9%) cases, with Sciatica  in 45 (52.3% ± 

5.4%) cases, with a combination of Lumbago and 

Sciatica - in 27 (31.4% ± 5.0%) cases, respectively. 

Protrusion was diagnosed in 35 (47.9% ± 5.8%), in 23 

(31.5% ± 5.4%) and in 15 (20.6% ± 4.7%) cases, 

respectively. As can be seen from table 1, a hernia was 

significantly more frequently observed among patients 

with sciatica (P<0.001 and P<0.01), and protrusion 

among patients with lumbago (P<0.001 and P<0.05). 

Among patients with lumbago, the total number of 

degeneratively altered discs was 49 (30.8% ± 3.7%), with 

sciatica - 68 (42.8% ± 3.9%) and with a combination of 

lumbago and sciatica - 42 (26.4% ± 3.5%). As can be 

seen from the table 1 the total number of discs with 

hernia and protrusion among patients with sciatica was 

significantly greater than in the other groups (P<0.05 and 

P <0.01). We compiled a lesion index of discs for various 
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clinical symptoms. For this, the total number of discs 

with hernia and protrusion was divided by the number of 

patients with one or another clinical symptoms. For 

patients with lumbago, the index was 1.17, for sciatica - 

1.26, and with a combination of lumbago and sciatica - 

1.35. 

Table 2 presents the results of a study on the relationship 

between clinical symptoms, the nature of degenerative 

changes in the discs in the form of a hernia or protrusion. 

As can be seen from the table, among patients with 

lumbago, herniated disc of median localization was 

observed in 11 (22.4% ± 5.9%), protrusion - in 24 

(49.0% ± 7.1%) cases (P<0.01); hernia of paramedian 

localization was noted in 2 (4.1% ± 2.8%), protrusion - in 

12 (22.4% ± 5.9%) cases (P<0.01). In these patients, a 

hernia and protrusion of foraminal localization was not 

observed. 

 
Table 2: Localization level of affected lumbar discs and 

clinical symptoms. 

Among patients with sciatica, herniated disc of 

paramedian localization was observed in 23  (33.8% ± 

5.7%), protrusion - in 10 (14.7% ± 4.3%) cases (P 

<0.01); hernia of paramedian localization was noted in 2 

(4.1% ± 2.8%), protrusion - in 12 (22.4% ± 5.9%) cases 

(P<0.01); hernia of foraminal localization was registered 

in 29 (42.7% ± 6.0%), protrusion - in 4 (5.9% ± 2.9%) 

cases, respectively (P<0,001). In these patients, a hernia 

of median localization was not observed, protrusion was 

diagnosed in 2 cases.  

In a patients with combination of lumbago and sciatica, 

herniated and protruded disc of median localization was 

observed in 2 cases, paramedian localization - in 6 

(14.3% ± 5.4%) and 14 (33.3% ± 7.3%) cases (P<0.05); 

foraminal localization - in 13 (31.0% ± 7.1%) and 14 

(11.9% ± 5.0%) cases, respectively (P<0.05). 

The level and location of lumbar disc hernia are 

presented in table 3. Disc hernia was detected at the level 

of L3-L4, L4-L5, L5-S1. The disc location was defined 

as median, paramedian and foraminal. In 13 (15.1% ± 

3.9%) the herniated discs was median, in 31 (36.0% ± 

5.2%) - paramedian and in 42 (48.9% ± 5.4%) - 

foraminal types.  

The median hernia in 7 (8.1% ± 2.9%) cases was 

localized at level of  L3-L4, in 5 (5.8% ± 2.5%) - L4-L5 

and in 1 (1.2% ± 1.2%) - L5-S1;  the paramedian hernia - 

in 5 (5.8% ± 2.5%), in 14 (16.3% ± 4.0%) and in 12 

(14.0% ± 3.7%) discs; the foraminal - in 4 (4.7% ± 

2.3%), in 9 (10.5% ± 3.3%) and in 29 (33.7% ± 5.4%) 

discs respectively. 

 
Table 3: The level and location of lumbar discs hernia. 

 

The level and location of lumbar disc protrusion are 

presented in table 4. In 28 (38.4% ± 3.9%) discs the 

protrusion was median, in 36 (49.3% ± 5.9%) - 

paramedian and in 9 (12.3% ± 3.8%) - foraminal types. 
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The median protrusion in 8 (11.0% ± 3.7%) cases was 

localized at the level of  L3-L4, in 11 (15.1% ± 4.2%) 

cases - at the level of L4-L5 and in 9 (12.3% ± 3.8%) 

cases - at the level of L5-S1; the paramedian protrusion - 

in 9 (12.3% ± 3.8%), in 13 (17.8% ± 4.5%), and in 14 

(19.2% ± 4.6%)  cases; the foraminal - in 4 (5.5% ± 

2.7%), in 3 (4.1% ± 2.3%) and in 2 (2.7% ± 1.9%) cases, 

respectively (Figure 1 & Figure 2).  

The width of the spinal nerve canal among patients of the 

median hernias averaged 8.13 mm ± 0.43 mm, the 

paramedian hernia - 6.24 mm ± 0.36 mm, and the 

foraminal hernia - 3.37 mm ± 0.49 mm (P<0.001) 

respectively. In the group of patients with disc 

protrusion, these parameters were: 9.07 mm ± 0.39 mm, 

7.12 mm ± 0.83 mm and 4.17 mm ± 0.46 mm (P<0.01, 

P<0.001). 

 
Table 4: The level and location of lumbar discs protrusion. 

 
Figure 1: On the left side of the echogram, the vertical arrow  

shows  the foraminal hernia, on the right side - a large 

paramedian hernia caused a spinal stenosis. 

 
Figure 2: On the left side of the echogram, the vertical arrows 

show the unchanged discs and the normal channel of the spinal 

nerves. On the right side of the echogram, oblique arrows show 

a foraminal hernia and a narrowed canal of the spinal nerves. 

 
Figure 3: On the left side of the echogram, unchanged 

epidural veins and disc are shown, on the right side is the 

median hernia with mild dislocation of these veins. 

 
Figure 4: The large sequestering median hernia with severe 

spinal stenosis at the level of L5-S1 in a patient with lumbago + 

sciatica. Severe dislocation of epidural vessels are seen. 
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Disturbance of blood flow in the epidural veins was 

noted in the form of changes in color vascular signals 

(thinning, expansion, dislocation, absence). Among 

patients with median hernia, blood flow disorder was 

registered in 7 (53.8% ± 13.9%) cases, paramedian hernia 

- 9 (29.0% ± 8.1%) and foraminal hernia - 4 (9.5% ± 

4.5%) of case (Figure 3 & Figure 4). 

The comparison of the image quality of the discs by USG 

and MRI are presented in table 5. In total, an ultrasound 

examination of 159 discs was performed, MRI - of 121 

discs. An excellent ultrasound image was obtained in 72 

(45.3% ± 3.9%) cases, with MRI in 71 (58.7% ± 4.5%) 

cases (P<0.05). A good image was obtained in 74 (46.5% 

± 4.0%) and 45 (37.2% ± 4.4%) cases, unsatisfactory 

images in 13 (8.2% ± 2.1%) and in 5 (4.1% ± 1.8%) 

cases, respectively (Figure 5). 

 
Table 5: Comparison of the image quality of the discs by USG 

and MRI. 

 
Figure 5: The large sequestering median  hernia with severe 

spinal stenosis is detected by ultrasonography and MRI 

(arrows). 

In 37 cases, the degenerative changes in the discs 

contributed to the development of spinal stenosis. 25 

patients underwent laminectomy for moderate and severe 

spinal stenosis. In 12 (92.3% ± 7.4%) cases spinal 

stenosis was caused by a median hernia, in  23 (74.2% ± 

7.9%) cases by a paramedian hernia and in 2 (4.8% ± 

3.2%) cases by a  foraminal hernia (Table 6). As can be 

seen from the table severe spinal stenosis was 

significantly more frequent due to the median hernia 

(P<0.001). 

 
Table 6: The relationship between the degree of lumbar spinal 

stenosis and the nature of degenerative changes in intervertebral 

discs. 

5. DISCUSSION 

In this study, we matched  symptoms of clinical 

examination with ultrasonographic  findings in patients 

with low back pain caused with degenerative disc 

disease. Throughout life, approximately 60% - 90% of 

the population may experience back pain. The spinal 

segments  L4-L5 and L5-S1 is the most common source 

of  low back pain [10].  

Low back pain can manifest as lumbago or sciatica. Disc 

herniation is the most common cause of radiculopathy by 

nerve root compression [16]. To evaluate the lumbar 

region, MRI is the investigation of choice. It is the 

preferred method of diagnosing and evaluating of 

herniated and protruted discs, compression of nerve root. 

Unconditionally MRI is the most common, and the image 

is more “understandable” for a significant majority of 

doctors (neurologists, orthopedists) [23]. Research by 

Van Rijn JC (2006) show that there is not always a 

correlation between clinical symptoms and MRI findings.  

The results of our studies showed that ultrasound in the 

vast majority of cases allows you to get a good image of 

the lumbar discs, the central spinal canal and of the spinal 
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nerve canals. The use of Doppler modes will provide 

additional information about the state of epidural blood 

flow. Dopplerography of the epidural vein flow in a 

patient with sequestering hernias often recorded a 

circulatory disturbance that does not provide an MRI. 

We found that foraminal hernias and protrusions cause a 

maximum decrease in the width of the spinal cord 

channel and compression of the nerve root. Our studies 

showed that in patients with sciatica, foraminal disc 

hernias  at the L5-S1 level are significantly more often 

diagnosed. Lumbago often occurred in patients with 

degenerative changes in discs of median localization, 

more often at the level of L3-L4 and L4-L5. Spinal 

stenosis was significantly more often observed in patients 

with median localization of disc herniation. 

6. CONCLUSION 

The ultrasonography can be used not only as a screening 

for detecting degenerative changes in the discs, but also 

for accurate diagnosis of hernia and protrusion. The 

results of ultrasonography in most cases explain the 

clinical symptoms of back pain. It was found that sciatica 

more often occurs in the presence of foraminal and 

paramedian hernia at the level of L5-S1, severe stenosis 

of the spinal canal - in patients with median hernia. 
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