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Abstract
Objective The aim of this study was to compare strain elastography (SE) and shear wave elastography (SWE) findings of the
sciatic nerve in patients with unilateral lumbar disc herniation (LDH) and healthy control subjects.
Materials and methods The study group included patients with complaints of unilateral sciatica for 3–12 months, with foraminal
stenosis due to one level of LDH (L4-L5 or L5-S1). An age- and gender-matched control group was formed of healthy subjects.
Evaluations were performed on both the axial and longitudinal planes from the bilateral gluteal region using a 5–9 MHz
multifrequency convex probe.
Results There were 40 patients (20 male, 20 female) with a mean age of 43.1 ± 12.7 years in the study group, and 40 healthy
subjects (22 male, 18 female) with a mean age of 42.9 ± 10.7 years in the control group (p > 0.05). The sciatic nerve stiffness
assessed on both the axial (12.3 ± 3.7 kPA) and longitudinal (14.3 ± 3.8 kPA) planes of the involved side was significantly higher
than non-involved side (axial: 6.8 ± 2.1 and longitudinal: 8.3 ± 2.3 kPA) in the patient group (p < 0.001).
Conclusions Patients with unilateral LDH have increased stiffness of the sciatic nerve compared to healthy control subjects.
Although the findings in this preliminary study show that shear wave elastography can detect a change in sciatic nerve stiffness in
patients with unilateral LDH, larger studies are required to determine the clinical utility of this technique.
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Introduction

Approximately 80% of adults experience an attack of low
back pain (LBP) at least once during their lifetime, and up
to 40% of those patients have radiating pain along the sciatic
nerve distribution [1, 2].Degenerative disc disease or lumbar
disc herniation (LDH) compressing the lumbosacral nerve
roots rank first in respect of the etiology of sciatic nerve

irritation [1]. Magnetic resonance imaging (MRI) could be
used to image the extraspinal sciatic nerve. The sciatic nerve
can be evaluated using standard fat-saturated and anatomic
MRI sequences [2–6]. The role of peripheral nerve ultra-
sound (US) has been well established in imaging sciatic
nerves due to several advantages (ease of application, inex-
pensive, repeatable, lack of ionizing radiation, providing
real-time imaging, high spatial resolution) [7–11]. Kara et
al. [2] have shown the enlarged sciatic nerve on the side of
sciatica in patients with LBP [2]. However, to the best of our
knowledge, sonoelastographic findings of the sciatic nerve
have not been studied in patients with sciatica or LDH.

Therefore, the aim of this study was to evaluate the
strain elastography (SE) and shear wave elastography
(SWE) findings of the sciatic nerve in patients with unilat-
eral LDH. It was hypothesized that there will be an in-
crease in the stiffness of the sciatic nerve due to the com-
pression of nerve roots and inflammatory changes in pa-
tients with LDH.
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Materials and methods

Study design and participants

This study was designed as cross-sectional and case-control.
Patients suffering from unilateral sciatica for 3–12 months,
and with foraminal stenosis due to one level of LDH (L4-L5
or L5-S1), were included in the study group. An age- and
gender-matched control group was formed of healthy subjects
(without herniation). All patients were aged 18–50 years and
were selected from those withMRI results in the neurosurgery
department of a tertiary center university hospital. Patients
who met any of the following criteria were excluded; diabetes
mellitus, polyneuropathy, trauma, previous history of lumbar
surgery, or sciatica due to tumor, cyst, or piriformis syndrome.
Patients with conditions that reduce image quality on US im-
aging (thick gluteal subcutaneous fat tissue, hip joint prosthe-
sis and/or degeneration) or professional athletes were also
excluded. Socio-demographic data such as age and gender
of the patients were noted. Sciatic nerve diameter, SE and
SWE values, and Wildermuth staging were used as the out-
come measures.

The current study protocol was approved by the Local
Ethics Committee of Kırıkkale University Medical School
(date 24.02.2017 and no: 03/02). Informed consent was ob-
tained from all the participants.

Diagnosis of lumbar disc herniation and foraminal
stenosis

In this study, LDH was diagnosed and foraminal level assess-
ment was based on the MRI-based description recommended
by the North American Spine Society, the American Society
of Spine Radiology, and the American Society of Neurology
[12, 13]. In this study, a 1.5-Tesla MRI unit (Philips MRI
Systems®, Achieva Release 3.2 Level 2013–10-21, Philips
Medical Systems, The Netherlands) was used to visualize
nerve roots and herniation. The protocol used in routine

lumbar MRI evaluation is as follows: axial T2-weighted im-
aging (T2AG) (repetition time [TR]/echo time [TE]: 2867 ms/
100 ms, NEX: 2, slice thickness/gap: 4 mm/150 × 150 mm,
acquisition matrix: 152 × 104 mm); sagittal T2-weighted im-
aging (T2AG) (TR/TE: 3862 ms/100 ms, NEX: 2, slice thick-
ness/gap: 4 mm/1 mm, FOV 160 × 331 mm, acquisition ma-
trix: 176 × 260 mm, sagittal T1-weighted imaging (T1AG)
(554 ms/7 ms, NEX: 2, slice thickness/gap: 4 mm/1 mm,
FOV 160 × 332 mm, acquisition matrix: 160 × 245 mm).

The foraminal stenosis was assessed according to the
Wildermuth staging, which was established in 1998 by
Wildermuth et al. [14]. Thereafter, this staging was revised
in 2013 by Park et al. [15]. This classification is summa-
rized below;

& Stage 0: Normal foramen
& Stage 1: Mild foraminal stenosis (< 50% obliteration)
& Stage 2: Moderate foraminal stenosis (> 50% obliteration)
& Stage 3: Severe foraminal stenosis (full pressure or mor-

phological changes of the nerve root)

B-mode ultrasonographic and elastographic
evaluation of the sciatic nerve

A digital sonography instrument with real-time tissue
elastography software (LOGIQ E9, GE Healthcare, 2014,
9900 Innovation Drive, Wauwatosa, WI, USA) was used for
US evaluations. Evaluations were performed on both the axial
and longitudinal planes from the bilateral gluteal region using
a 5–9-MHz multifrequency convex probe.

The sciatic nerve elastography was performed as described
by Chan et al. [16] from the gluteal region [16]. The patient
was placed in the lateral decubitus position with the knees and
hips were in flexion. The anatomic orientation of the probe
and anatomic structures are shown in Fig. 1. Once the nerve is
visualized on the axial plane, all US and elastographic mea-
surements were obtained from the same level. Thereafter, the

Fig. 1 a Image showing the probe position and anatomic orientation. B-
Mode ultrasound image shows the sciatic nerve. b Gluteal approach
sonographic appearance in axial plane. c Gluteal approach sonographic

appearance in longitudinal plane. (GT: Great trochanter, IT: Ischial tuber-
osity, GM: Gluteus maximus, QF: Quadriceps femoris, SN: Sciatic nerve
(arrows), IB: Ischial bone)

130 Skeletal Radiol (2019) 48:129–136



nerve was visualized on the longitudinal view at the same
level, and measurements were made.

Strain elastography was performed from the gluteal region
with light and rhythmic compression of the probe. On the
monitor, color coding of SE, which was superimposed on B-
mode images, was obtained. According to the compression bar
scale of 1–7 in the device, screen images showing ideal com-
pression (5–7 bar pressure) were evaluated. The SE examina-
tion was digitally recorded in the instrument memory for anal-
ysis in both axial and longitudinal video format. In the analysis
of color codes varying from red to blue, red refers to the softest
texture, green refers to medium hard texture, and blue refers to
the hardest texture [17]. In addition, color coding was classi-
fied as red only, yellow-red, green-yellow, green only, blue-
green, and blue only, depending on the distribution of patient
data from the side of the patient as a semi-quantitative
characterization.

The shear wave elastography examination of each patient
was performed without compression in both the axial and lon-
gitudinal planes. B-mode and SWE images were demonstrated
simultaneously on the same screen. SWE evaluation was re-
corded in a digital video format in the device memory for
further analysis. Quantitative measurement of the sciatic nerve
hardness was analyzed in kilo Pascal (kPA). Measurements in
a circular region of interest area at 2–4-mm intervals of each
sciatic nerve were repeated three times, and the mean values
were obtained for statistical analysis. Sonoelastography exam-
ination of all participants was carried out by one of two radi-
ologists. Sonoelastography features were decided in consensus
by two radiologists.

The elastography patterns were classified into three main
groups. Each group was divided into subcategories as the
follows;

– Type 1 (stiff tissue); a: blue, b: blue-green
– Type 2 (moderate); a: green, b: green-yellow
– Type 3 (soft tissue); a: red-yellow, b: red

Statistical analysis

Statistical analyses were performed using SPSS (SPSS ver-
sion 20.0, IBM®, USA) packet software. Descriptive statistics
were summarized as number, percentage, mean, and standard
deviation. The normal distribution of the variables was exam-
ined using visual (histogram and probability plots) and ana-
lytical methods (Kolmogorov–Smirnov, Shapiro–Wilk tests).
Between-group comparisons were made using the Student’s t
test or the Mann–Whitney U test after checking the normal
distribution. The Kruskal–Wallis test was used to compare
three or more groups. Categorical variables were compared
using the Chi-square test. A value of p < 0.05 was accepted
as statistically significant.

Results

The study group comprised 40 patients (20 male, 20 female)
with a mean age of 43.1 ± 12.7 years, and the control group
comprised 40 healthy subjects (22 male, 18 female) with a
mean age of 42.9 ± 10.7 years. Clinical and demographic fea-
tures are summarized in Table 1.No significant difference was
observed between the groups in respect of age (p = 0.0955),
gender (p = 0.654), and diameter of the sciatic nerve (all p >
0.05). No significant difference was observed within the study
group when the sciatic nerve diameter of the involved (5.8 ±
0.8 mm) and non-involved (6.0 ± 0.9 mm) sides was com-
pared (p = 0.261) (Table 2).

Strain elastography values of the study and control groups
are shown in Table 3. While blue (32.5%) and blue-green
(47.5%) color codes were the most commonly observed in
the involved side of LDH patients (Fig. 2), green-yellow color
codes were the most commonly observed in the non-involved
side of LDH patients and both sides of healthy control subjects
(Fig. 3) (p < 0.05). No significant difference was observed
between the non-involved sides of the LDH patients and both
sides of healthy control group (p > 0.05).

The shear wave elastography findings of the groups are pre-
sented in Table 4. The sciatic nerve stiffness assessed on both the
axial and longitudinal sides of the involved side was significant-
ly higher than that of non-involved side in the patient group (p <
0.001). The stiffness of the involved side in the patient group
was also higher than that of right and left sides of the control
group (p < 0.001). Elasticity values in the axial plan were corre-
lated with those of in the longitudinal planes (p < 0.001).

Table 1 Clinical and demographical features

Variables Study group (N = 40) Control group (N = 40) P value

Age (years) 43.1 ± 12.7 42.9 ± 10.7 0.955

Gender

Male 20 (50) 22 (55) 0.654
Female 20 (50) 18 (45)

Involved Side

Right 13 (32.5) –

Left 27 (67.5) –

Wildermuth grading

Grade 0 – 40

Grade 1 12 (30) –

Grade 2 17 (42.5) –

Grade 3 11 (27.5) –

Sciatic nerve diameter (mm)

Right 5.8 ± 0.8 5.9 ± 0.4 0.494

Left 5.9 ± 0.9 5.8 ± 0.4 0.714

The data are shown as mean ± standard deviation or n, (%)
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Discussion

In this cross-sectional and controlled study, it was aimed to
evaluate the elastographic findings of the sciatic nerves in
patients with foraminal stenosis due to unilateral LDH, using
SE and SWE. To the best of our knowledge, this is the first
such study in literature. The first notable finding of the study
was that the sciatic nerve stiffness in the involved side was
significantly increased compared to the non-involved side in
patients with unilateral LDH, and both sides of the healthy
control group. In addition, blue (32.5%) and blue-green
(47.5%) color codes were the most commonly observed in
the sciatic nerve SE of patients with LDH. In contrast, the
green-yellow color codes were the most commonly observed
in the normal sciatic nerves.

There have been only two studies in the literature evaluat-
ing the sciatic nerve with elastography [18, 19]. Santos et al.
[18] reported in an meeting abstract that the sciatic nerve can
be evaluated by US elastography, and it is visualized as a hard
structure, blue according to the color mapping in healthy con-
trol subjects. However, there was no mention of the MRI
findings of the study population or physical examination find-
ings. In 2016, Andrade et al. [19] assessed the change of
sciatic nerve elasticity with ankle movements in 90 healthy
volunteers, using SWE. It was highlighted that the sciatic
nerve stiffness can be assessed accurately using elastography,
and the stiffness of the sciatic nerve is affected by the lower
limb movements. Compared to the study by Santos et al. dif-
ferent findings were observed in the current study [18]. In the
present study, while blue or blue-green color mappings were
observed the most frequently in the involved side of LDH
patients, green-yellow was the most frequently observed color

Table 2 Diameter of the sciatic
nerve and shear wave
elastography findings according
to the Wildermuth staging

Wildermuth grading Grade 1 (N = 12) Grade 2 (N = 17) Grade 3 (N = 11) P value

Diameter (mm) 5.3 ± 0.6 5.9 ± 0.9 6.0 ± 0.9 0.082

Elasticity (axial) 10.8 ± 3.2 13.1 ± 3.8 12.6 ± 3.7 0.208

Elasticity (longitudinal) 12.7 ± 3.5 15.1 ± 3.8 14.7 ± 4.2 0.225

Table 3 Strain elastography findings of the groups

Color coding Study group Control group

Involved side Noninvolved side Right side Left side

Blue 13 (32.5) 0 0 0

Blue-green 19 (47.5) 4 (10) 3 (7.5) 0

Green 4 (10) 8 (20) 4 (10) 5 (12.5)

Green-yellow 2 (5) 20 (50) 25 (62.5) 28 (70)

Yellow-red 1 (2.5) 6 (15) 1 (2.5) 0

Red 1 (2.5) 2 (5) 7 (17.5) 7 (17.5)

The data are shown as n, (%)

Fig. 2 A 36-year-old female patient with complaints of sciatalgia for
6 months magnetic resonance imaging (a T2A sagittal, b axial view)
illustrates a foraminal disc protrusion. The left L4 neural foramen (white
arrow) is consistent with stage 2 narrowing according to the Wildermuth
grading (a, b). The left sciatic nerve (white arrows) shows a type 1a
pattern on the axial (c) and longitudinal (d) planes with strain
elastography. The shear wave elasticity value is measured as 9.89 kPa
in the axial plane (e), and 12.25 kPa in the longitudinal plane (f)
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Fig. 2 (continued)
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Fig. 3 A 22-year-old female healthy subjects. Magnetic resonance imag-
ing designates the right and left neural foramens as normal. The left sciatic
nerve (white arrows) shows pattern 3a on the axial (a) and longitudinal

(b) planes with strain elastography. Shear wave elasticity value is mea-
sured as 6.11 kPa in the axial plane (c) and 6.53 kPa in the longitudinal
plane (d)
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mapping in the non-involved side or healthy control subjects.
This difference might be due to the different machines used,
different clinical or demographical features (age, BMI) or
technique in the study done by Santos et al. However, they
did not mention the name of the machine, technique or clinical
parameters clearly in their study. Symptom duration (acute/
chronic) might have affected the results as well. Persistent
inflammation can result in demyelinization and change the
connective tissue of the nerve which eventually changes the
nerve structure [20]. We believe that our results can be con-
sidered more reliable since the study comprised a control
group and MRI results.

In the current study, the sciatic nerve was evaluated both
quantitatively and qualitatively using both elastographic
methods, i.e., shear wave and SE. SWE has some advantages
over SE, as it enables reproducible and quantitative features to
be obtained. At the same time, the physical equations that are
preferred in the shear wave method are different from the
strain method. It provides a direct and quantitative assessment
of the Young’s modulus (hardness), allowing the localized
evaluation of the desired area of the assessed tissue. While
SE measures tissue with compression applied by the examin-
er, in SWE the waves are produced by the transducer [20].
Minimal transducer pressure is recommended when obtaining
SWE values [21]. SWEmeasurements are not interchangeable
across different ultrasound machine models, even in those
from the same company. Therefore, both elastographic
methods were used in the current study to achieve more reli-
able results.

According to the results obtained, there is no linear corre-
lation between the severity of foraminal stenosis and nerve
stiffness or diameter in contrast to the median nerve entrap-
ment, which has been previously reported in literature [20].
This fact might be due to the etiological and pathophysiolog-
ical differences between the median nerve entrapments and
foraminal stenosis of the nerve roots. Despite being effective
in grading, it should be kept in mind that the Wildermuth
grading is a semiquantitative classification of stenosis, which
does not involve the characteristic morphological nerve pres-
sure findings [14, 15]. When we allocated the patients accord-
ing to the Wildermuth staging; although the nerve diameter

was higher in the stage 3 compared to the 1, it was not signif-
icant. The small sample sizes of the subgroups might have
affected the results. On the other hand, it should also be con-
sidered that different scales are used in different machines. It is
important to note that these diagnostic values are only valid
for measurement taken with the LOGIQ E9 ultrasound system
by GE. Also, the small sample size is a limitation of our study,
and our results should be verified by the studies done in larger
sample size. Another important issue should be considered
was the fact that the importance and clarity of the results
may be further improved if historical knowledge of occupa-
tion, prior physical therapy, pain medications and/or prior ste-
roid injections were utilized. These factors may have a poten-
tial role in altering the results of elastography.

Limitations

There are some important drawbacks to this study. Kara et al.
[2] evaluated the cross-sectional area of the sciatic nerves with
tracing method and found that sciatic nerves were enlarged
and edematous in patients with unilateral sciatica. In contrast,
no significant difference was observed between the involved
and non-involved sides in respect of the sciatic nerve diameter
in the current study. This could be attributed to the different
measurement methods and should be stated as a limitation.
The tracing method is more sensitive and accurate than other
methods tomeasure nerve size [22]. Anthropometric measure-
ments such as body mass index, weight, or height could have
been considered. The sciatic nerve was evaluated only from
the gluteal region, not from the level of the thigh or above the
popliteus. The sample size was small, and the method was not
be applicable in patients with thick gluteal subcutaneous fat
tissue, hip joint prosthesis, and/or degeneration. Finally, the
lack of intra-rater and inter-rater reliability assessment should
be stated as a limitation.

Conclusions

In the light of the current study results, patients with unilateral
LDH have increased stiffness of the sciatic nerve compared to

Table 4 Shear wave elastography
findings of the groups (kPa) Study group (N = 40) Mean ± SD Median Min-max P value

Involved side (axial) 12.3 ± 3.7 11.6 6.8–19.9 < 0.001
Noninvolved side (axial) 6.8 ± 2.1 6.1 4.1–11.3

Involved side (longitudinal) 14.3 ± 3.8 13.6 6.2–22.8 < 0.001
Noninvolved side (longitudinal) 8.3 ± 2.3 7.8 4.3–12.8

Control group (N = 40)

Right side (axial) 7.9 ± 2.2 7.8 4.3–14.5 0.090
Left side (axial) 7.0 ± 1.8 7.1 4.3–12.3

Right side (longitudinal) 8.8 ± 2.4 8.6 5–15.6 0.082
Left side (longitudinal) 7.9 ± 1.8 7.4 4.6–12.3
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healthy control subjects or non-involved sides. Although the
findings in this preliminary study show that shear wave
elastography can detect a change in sciatic nerve stiffness in
patients with unilateral LDH, larger studies are required to
determine the clinical utility of this technique.
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