proLékaře.cz | 26.1.2021
ORIGINAL PAPER

PŮVODNÍ PRÁCE

doi: 10.14735/amcsnn2020526

Sonographic evaluation of sciatic nerve
in individuals with S1 radicular symptoms
Sonograﬁcké hodnocení nervus ischiadicus
u jedinců s radikulární symptomatikou S1
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Abstract
Aim: This study aimed to evaluate, using ultrasonography, the morphological changes of the
sciatic nerve in the dorsal thigh in terms of its cross-section area (CSA) in patients with unilateral
S1 radicular symptoms. Methods: This observational study was performed in 15 participants
(12 females; mean age 46.9 ± 9.9 years; mean body mass index 26.5 ± 4.7 kg/m2) diagnosed with
unilateral S1 radiculopathy. The CSA of the sciatic nerve was measured and evaluated bilaterally by
ultrasound imaging at three levels of the dorsal thigh; at the gluteal fold, proximal quarter-thigh,
and mid-thigh. The values for the symptomatic and asymptomatic sides of each patient were
compared. Results: The mean CSA values of the symptomatic (39.6 ± 15.6 mm²) and asymptomatic
(32.9 ± 11.2 mm²) sciatic nerves at the level of the GF were measured. A signiﬁcant increase of the
CSA at this level on the patients‘ symptomatic side was observed (P = 0.02; d = 0.49, i.e., medium size
of the eﬀect). At proximal quarter-thigh and mid-thigh levels, the side-to-side diﬀerence did not
reach a level of signiﬁcance. Conclusion: An enlargement of the nerve CSA at the gluteal fold level
was observed on the symptomatic side with sciatica, while those changes were generally present
during the period when the patient complained about the subjective symptoms. Ultrasound
imaging may be a useful, available tool to assess morphological changes of the sciatic nerve in
unilateral S1 radicular symptomatic patients.

Souhrn
Cíl: Cílem této studie bylo vyhodnotit morfologické změny nervus ischiadicus u pacientů
s unilaterálními radikulárními příznaky S1 pomocí ultrazvukového měření jeho průřezové
plochy (cross-section area; CSA) v oblasti dorzálního stehna. Metodika: Observační studie byla
provedena u 15 probandů (12 žen; průměrný věk 46,9 ± 9,9 let; průměrný index tělesné hmotnosti
26,5 ± 4,7 kg/m2) s diagnostikovanou unilaterální radikulopatií S1. CSA nervus ischiadicus byla
měřena a hodnocena sonograﬁcky bilaterálně ve třech úrovních dorzálního stehna; v úrovni
subgluteální rýhy, v proximální čtvrtině stehna (proximal quarter-thigh) a uprostřed stehna (midthigh). Byly porovnány hodnoty CSA nervu symptomatické a asymptomatické dolní končetiny
každého pacienta. Výsledky: Na základě získaných dat byly stanoveny průměrné hodnoty CSA nervus
ischiadicus v úrovni GF na symptomatické (39,6 ± 15,6 mm²) a asymptomatické (32,9 ± 11,2 mm²)
straně. Bylo pozorováno statisticky významné zvětšení CSA nervus ischiadicus na symptomatické
straně pacienta (p = 0,02; Cohenovo d = 0,49, tj. střední velikost účinku). Na úrovních proximal
quarter-thigh a mid-thigh nedosahoval vzájemný stranový rozdíl úrovně významnosti. Závěr: Na
symptomatické straně bylo pozorováno zvětšení CSA nervus ischiadicus, a to v úrovni subgluteální
rýhy, přičemž tyto změny byly typicky přítomny po dobu trvání subjektivních obtíží pacienta.
UZ zobrazování tedy může být užitečným a dostupným nástrojem k hodnocení morfologických
změn nervus ischiadicus u pacientů s unilaterální radikulární symptomatikou S1.
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Introduction
Radicular symptomatology at the lumbosacral level is a frequent complaint of patients
in the oﬃces of musculoskeletal medicine
practitioners, and a common reason for the
patient‘s incapacity to work. Especially in patients with irritating pain from the lumbosacral region to the lower limb, irritation is believed to be caused mainly by herniation of
the lumbar disc [1]. Therefore, imaging methods such as MRI or CT focus predominantly
on the lumbar spine region [2–4]. However,
some intraspinal or extraspinal pathologic
processes along the sciatic nerve (SN) may
also cause non-discogenic sciatica [5]. Imaging of the SN alone to assess morphology
using MR-neurography is possible but is not
commonly done in subjects with symptoms
of radicular irritation [6,7]. Its use is relatively
expensive, has limited availability, and may
be contraindicated in some cases [8].
Due to technological advances and the
availability of ultrasonography (US) in the
physician‘s or physiotherapist‘s office as
a complementary diagnostic tool, US imaging appears to be a promising method
even allowing the quantiﬁcation of the rate
of nerve structure swelling in patients with
assumed radiculopathy. It has been established that radicular intraspinal and nonradicular extraspinal forms of sciatica may

Fig. 1. Transverse ultrasound image
of the sciatic nerve and muscles in the
dorsal thigh.
AM – adductor magnus muscle; arrow –
sciatic nerve; BF – biceps femoris muscle;
ST – semitendinosus muscle
Obr. 1. Příčný UZ obraz sedacího
nervu a svalů v dorzální části
stehna.
AM – musculus adductor magnus;
BF – musculus biceps femoris; ST – musculus semitendinosus; šipka – sedací nerv

cause SN swelling. Studies reported SN
edema due to radicular and discogenic pathology and also due to entrapment in cases
of deep gluteal syndrome [9,12]. So far, only
a few anecdotal studies with a heterogeneous US methodology have been reported
on this topic [9,11,13,14].
The aim of this study was to evaluate any
morphological changes in the SN in terms of
an alteration of its cross-section area (CSA)
in patients with unilateral radicular symptom
S1 using US imaging. The purpose was to
compare the CSA of the SN at three diﬀerent
locations of the dorsal thigh on the symptomatic and asymptomatic sides.
An increase of the SN CSA on the affected side was expected, especially at the
gluteal fold level due to nerve edema close
to the site of compression and/or irritation.
This non-invasive assessment of neural tissue may be useful for a better understanding of sciatica and may be clinically relevant
to monitor the eﬀect of therapy for future
studies or in clinical practice.

Materials and methods
Participants
Fifteen probands (12 females; mean age
46.9 ± 9.9 years; mean body mass index
26.5 ± 4.7 kg/m2) with a neurological diagnosis of unilateral sciatica lasting for more
than 1 month were chosen for the study.
Criteria for sciatica were: pain irritation in
the S1 dermatome longer than 1 month as
a dominant symptom, numbness and paresthesias in the same distribution, and leg pain
worse than back pain. Inclusion criteria were
unilateral S1 radicular symptoms longer than
1 month. Radiating pain in the S1 dermatome with numbness or paresthesias had the
same distribution, and leg pain was worse
than back pain. Probands with any concomitant disease aﬀecting the peripheral nerves
(e. g., diabetes mellitus, or any other type of
neuropathy), probands with non-S1 radicular irritation or with irritation in multiple dermatomes, severe lower limb injuries, neurogenic claudication, sacroiliac or facet joint
pain, and probands who underwent lumbar spine surgery were excluded. Individuals
with bilateral radiculopathy were excluded
due to the impossibility of comparing ﬁndings in symptomatic and asymptomatic
limbs. All participants underwent static US
examination of SN, bilaterally at the same
level, from which the data were further statistically processed and analyzed. The values
of the unaﬀected limb of each subject were
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used as individual controls. All subjects were
informed about the procedure and consented to participate in the study and to the
processing of their personal data. The study
protocol was approved by the local ethics
committee.

Protocol of ultrasound
examination
An Alpinion, E-Cube 11 US machine and Alpinion, L3-12H High density linear transducer, 3-12MHz (Alpinion Medical Systems
Co., Seoul, Korea) was used for the scanning
of the SN. A frequency of 12 MHz was used
to achieve optimal musculoskeletal imaging.
The focal zone was set slightly below the
level of the SN, which diﬀers at diﬀerent levels of the thigh. Parameters such as gain and
depth were individually adjusted during the
examination according to the volume of soft
tissues in the area of interest. The region of
interest was always verified according to the
surrounding structures – the long head of
the biceps femoris muscle laterally and the
semitendinosus muscle medially. The settings and protocols recommended by the
European Society of Musculoskeletal Radiology were used [15].
Each patient was examined by the same
ultrasound practitioner experienced in musculoskeletal US (in the presence of the second examiner) in a relaxed prone position
on the examination bed. Individual dorsal
distances from the gluteal fold, mid-thigh
(half-distance measured from the gluteal
fold to the popliteal crease) and proximal
quarter-thigh (proximal quarter-distance
measured from the gluteal fold to the popliteal crease) were marked on the dorsal
thigh by an indelible marker bilaterally to ensure the same thigh level while measuring
all subjects.
The probe was placed in the short axis
on the dorsal thigh where the SN was recognized. The CSA parameters were analyzed
by manually tracking the nerve ﬁber outlines just below the epineurium. In the case
the nerve had small vessels adjacent to the
nerve, they were manually excluded from
CSA tracking. Tracking the nerve and calculating CSA values were always performed
directly during the examination whenever
both examiners agreed to capture the optimal image at each level (Fig. 1). The US record was not used for measuring any of the
cases. Values were taken at the same anatomical location in all probands, in the gluteal fold, mid-tigh, and also in the proxi-
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Statistical analysis
Statistical analysis was performed using
Graph Pad Prism5 (GraphPad, San Diego,
CA, USA) for statistical data processing
and graphing. The results are presented as
mean ± standard deviation (SD). The data distribution was evaluated by the D’Agnostino
Pearson normality test. The arithmetic mean
with SD was determined from the values for
each subject. Paired values for subgroups of
the symptomatic and asymptomatic limbs
were compared by t-test. In addition to
statistical signiﬁcance, a size eﬀect was always evaluated as a Cohen’s d value. An interval of 0.2–0.4 was taken as the value for
a small eﬀect, 0.4–0.8 for the medium effect, and > 0.8 as the value for a large effect. Correlations between values were
evaluated via the Pearson correlation coefﬁcient. P < 0.05 was considered statistically
signiﬁcant.

Results
Fifteen patients (12 females) with a neurological diagnosis of unilateral sciatica were
examined in this study. The dominant symptom was pain irritation in the S1 dermatome lasting for more than 1 month (average 42.1 ± 53.4 months). Based on the values
obtained, we deﬁned mean CSA SN values
of the symptomatic side at the gluteal fold
level of 39.6 ± 15.6 mm² and at the asymptomatic side of 32.9 ± 11.2 mm². At the proximal
quarter-thigh level of the symptomatic side,
we measured a CSA of 34.6 ± 14.6 mm² and
34.0 ± 13.8 mm² on the asymptomatic side.
At mid-thigh level on the symptomatic side,
we measured a CSA of 39.1 ± 13.5 cm² and
36.6 ± 15.7 mm² on the asymptomatic side.
At the gluteal fold level, the CSA comparison
showed a statistically signiﬁcant diﬀerence
between the symptomatic and asymptomatic limbs (P = 0.02), with a medium eﬀect
size (d = 0.49). At the proximal quarter-thigh,
almost identical bilateral values had no signiﬁcant diﬀerence in CSA on both sides. The

528

80

60

CSA (mm2)

mal quarter-thigh. At each defined level,
three measurements were taken bilaterally, for a total of 18 measurements for each
proband. The individual median values were
used for analysis. The asymptomatic limb
was used as a reference, based on the Chen
study, where no diﬀerences between the
sides were found analyzing the CSAs of the
SNs in 200 healthy subjects [14]. Data were
statistically processed, compared, and the
rate of side asymmetry calculated.
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Fig. 2. CSA values of the sciatic nerve in the defined three levels of the dorsal thigh in
symptomatic and asymptomatic limb.
*statistically signiﬁcant P-values
a – asymptomatic side; CSA – cross-section area; GF – gluteal fold; MT – mid-thigh;
PQT – proximal quarter of the thigh; s – symptomatic side
Obr. 2. Hodnoty CSA nervus ischiadicus v definovaných třech úrovních dorzálního
stehna symptomatické a asymptomatické končetiny.
* statisticky signiﬁkantní p-hodnota
a – asymptomatická strana; CSA – průřezová plocha; GF – gluteální rýha; MT – střed stehna;
PQT – proximální čtvrtina stehna; s – symptomatická strana
values at the mid-thigh level are not considered statistically important (Fig. 2). Clinical
and demographic characteristics of the patients are given in Tab. 1. The results are summarized in Tab. 2.

Discussion
In this study, we found increases in CSA of
the ipsilateral SN probably due to edema in
S1 symptomatic subjects at the gluteal fold
level. In the case of spinal etiology, nerve
edema is present distally from the intervertebral foramen, but the first site where
edema can be measured sonographically is
in the gluteal fold. Edema can be caused not
only by local inﬂammation, but also by a disorder in axoplasm ﬂow in both directions
– antegrade and retrograde. Swelling can
spread longitudinally along the spaces between the layers of the nerve sheath. Neurogenic inﬂammation caused by the release
of inﬂammatory mediators may create nerve
swelling and mid-axonal activation may explain the spreading of neurogenic inﬂamma-

tion along the SN branches [16]. SN edema
may be caused also by histamine-induced
vascular permeability, which allows an inﬂux
of serum albumin, which is formed between
SN ﬁbers [17].
Some studies were performed to examine swelling of the nerves of the upper limb
due to compression and/or irritation. Studies
suggested that symptomatic nerve roots
were wider than asymptomatic nerve roots
due to the presence of edema [11,18,19]. Peripheral nerves have also been shown to develop edema, ﬁbrosis, and changes distally
to the aﬀected nerve as a result of mechanical compression [11,12,20–22]. The peripheral nerves are more sensitive to pressure,
and a proximal nerve lesion makes the distal segment of the nerve more susceptible
to anatomic deterioration by causing an interruption in axoplasmic conduction due to
the compression [23].
There are very few studies to date
which evaluate the unilateral change of SN
morphology in S1 radicular symptomatic
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Tab. 1. Clinical and demographic characteristics of the subjects (N = 15).
Gender
(M/F)

No.

Age
(years)

Height
(cm)

Weight
(kg)

BMI
(kg/m2)

Symptoms
duration
(months)

1

F

57

170

92

31.8

59

2

F

34

165

70

25.7

204

3

M

41

179

78

24.3

72

4

F

56

173

72

24.0

24

5

F

48

172

67

22.6

60

6

M

60

180

95

29.3

4

7

F

43

168

98

34.7

6

8

F

32

165

70

25.7

3

9

M

53

183

124

37.0

36

10

F

47

175

68

22.2

12

11

F

28

157

58

23.5

3

12

F

44

178

65

20.5

12

13

F

49

169

70

24.5

96

14

F

53

163

70

26.4

34

15

F

58

164

66

25.0

average
± SD (range)

3/12

46.9 ± 9.9 170.7 ± 7.3 77.5 ± 17.4 26.5 ± 4.7
(28.0–60.0) (157.0–183.0) (58.0–124.0) (20.5–37.0)

6
42.1 ± 53.4
(3.0–204.0)

BMI – body mass index; F – female; M – male; N – number; SD – standard deviation

probands [9,11–14,24]. This study demonstrated the suitability of US CSA measurements to conﬁrm SN edema in response to
nerve irritation and compression. The results are in contrast with previously pub-

lished studies that evaluated the level of
the mid-thigh as very suitable for US imaging and measurement and reported statistically signiﬁcant diﬀerent values [13,24]. We
speculate that this disagreement could be

caused by the occasional higher SN bifurcation and the poor visibility of the epineurial
boundaries. The mid-thigh CSA diﬀerence in
the measured mean values of the previous
studies compared to ours can also be attributed to a diﬀerent method of manual nerve
tracking. Tracking in the current study was
performed solely inside the visible epineurium, excluding the adjacent artery, which
is considered standard in assessing the CSA
of nerve structures [25]. Kara et al, who were
the ﬁrst to asses SN using US in symptomatic
subjects, described the SN CSA meassurement as using the manual tracking [9]. Frost
and Brown applied the boundary over the
epineurium, and in addition, the data were
evaluated by another examiner oﬄine from
the record [11]. Sarafraz et al also performed
an oﬄine analysis from the record [12]. In our
opinion, oﬄine analysis with a time lag may
increase the error rate of measurements.
Echogenicity is not evaluated in the current
study, because changes in nerve echogenicity are related to the pathology of the nerve
structures, but also to the manipulation of
the probe and the surrounding structures.
Compared to previous work, the current
study focused on more levels of SN, but statistically signiﬁcant values were found only at
the gluteal fold level. This is attributed to the
assumption that the swelling is manifested
at the most proximal level to the site of compression, as a result of either the true S1 radiculopathy or any of the subtypes of pseudoradicular manifestations, like deep gluteal

Tab. 2. Ultrasonographic measurements cross-section area of the sciatic nerve at the defined three levels of the dorsal thigh in
symptomatic and asymptomatic limb.
Symptomatic imb

GF

PQT

MT

Asymptomatic imb

average

39.6

minimum

16.2

median

34.1

average
SD = 15.6

minimum

18.0

median

33.8

maximum

73.6

maximum

56.0

average

34.6

average

34.0

minimum

18.5

median

27.5

maximum

68.5

SD = 14.6

minimum

17.5

median

27.8

maximum

61.7

average

39.1

average

36.6

minimum

21.9

minimum

18.9

median

37.7

median

32.3

maximum

70.0

maximum

78.0

SD = 13.5

P

d

SD = 11.2

0.02*

0.49

SD = 13.8

0.87

0.04

SD = 15.7

0.57

0.17

32.9

*statistically signiﬁcant P-values
d – eﬀect size; GF – gluteal fold; MT – mid-thigh; PQT – proximal quarter of the thigh; SD – standard deviation
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syndrome. It should be noted that edema
at higher levels than the gluteal fold can be
clearly seen using MRI neurography [26,27].
An increase of the CSA along the SN was
found during the period of subjective irritative symptoms, regardless of whether the
patient was acute or chronic. We assume
that the inﬂuence of gravity and worsened
conditions of axoplasmic return and ﬂuid
drainage of edema plays a role in this case.
A limitation of all US assessments is examiner dependency, especially with regard to
transducer placement and manual tracking
of the nerve during image analysis. We tried
to eliminate measurement error by matching
the opinion of two examiners. In this study,
the relatively small number of cases was also
a limitation. Further studies with more patients
would provide a broader understanding of the
changes in SN morphology and related radicular symptoms. In a larger group of patients with
sciatica, it is necessary to deﬁne diﬀerences between acute and chronic subgroups, and subgroups with diﬀerent severity of neurological
ﬁndings. The lack of intra- and inter-observer
blindness, absence of randomizing and comparison with other imaging techniques may
be further limitations of the study.
Despite these limitations, this study demonstrated the possibility of US imaging of
the SN and quantitative evaluation of its
CSA. Based on our results, we can conclude
that in patients with unilateral sciatica, there
is usually a unilateral morphological change
at the gluteal fold level in terms of increasing
the CSA of the SN on the symptomatic limb
compared to the asymptomatic one, presumably due to intraneural edema. According to our observations, this enlargement is
generally present during the time of the patient‘s subjective symptoms.
Ultrasonographic analysis appears to be
a promising and useful complementary tool
for diagnostic quantiﬁcation of nerve edema.
It allows monitoring of the development or
regression of morphological changes in the
SN during the aﬄiction caused by true radicular syndrome or a symptomatic imitation of
radiculopathy due to SN involvement. This
opens the door to quantitative monitoring of
the eﬀect of diﬀerent approaches to therapy
in patients with sciatica, which to the best of
our knowledge, has not been used in any research to date. Technological advances and
further reﬁnement of imaging methods, such
as US, are likely to lead to a wider application
of this technique as a diagnostic tool in the
clinical practice of musculoskeletal medicine.
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Conclusion
This work conﬁrms a signiﬁcant unilateral
morphological change in the SN in patients
with S1 radicular symptoms. The change is
signiﬁcant in terms of enlargement of the
nerve CSA at the gluteal fold level. This information may change therapeutic approaches
from focusing only on the lumbar spine but
to also focusing on the nerve structures
themselves. Potentially, this can be used further to monitor the rate of nerve swelling
as a quantitative parameter of therapeutic
eﬃcacy.
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