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Objectives: Dorsal sural nerve conduction studies (NCS) may increase the sensitivity for the diagnosis of
polyneuropathy, but clinical use is limited by a lack of reliable normative reference values in all age-
groups. The aim of our study was to develop reference values for the dorsal sural nerve, based on a large
multicenter cohort of healthy subjects.
Methods: Bilateral antidromic NCS were performed using standard surface electrodes in 229 healthy sub-
jects (aged 21–80 years; median: 54 years). We assessed the normality of data distribution for ampli-
tudes and conduction velocity (CV) and for their logarithmic (ln) transformation. The effects of age and
height were determined using linear regression analysis.
Results: Sensory potentials were present in all subjects. Logarithmically transformed data were
normally distributed. Age2 and height were most significantly associated with amplitude, and
age and height with CV, respectively. There was no significant side-difference. Mean amplitudes
(right and left) were 4.8 and 4.9 lV and mean CV 46.7 and 46.9 m/s. Reference limits
were e (3.712515 – 0.0000956 * age2 – 0.0115883 * height ± 1.96 * 0.51137) for amplitude and e (4.354374 – 0.0021081

* age – 0.0023354 * height ± 1.96 * 0.11161) for CV.
Conclusions: Dorsal sural nerve NCS are robust and have well defined normative limits.
Significance: The findings provide a basis for more sensitive NCS in clinical practice and future studies of
the diagnostic accuracy of NCS in polyneuropathy.
� 2021 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Polyneuropathy is a common neurological disorder with an
overall prevalence ranging from 1 to 3%, increasing to 7% in the
elderly (Hanewinckel et al., 2016). Nerve conduction studies
(NCS) are essential for diagnosing large and mixed fiber polyneu-
ropathy, which are the most common types in e.g. diabetic
polyneuropathy (Itani et al., 2021). Abnormal NCS (Tankisi et al.,
2019) are included in the criteria for the definite diagnosis of dia-
betic polyneuropathy (Tesfaye et al., 2010) and polyneuropathy in
general (England et al., 2005).

Specifically, the sural nerve is considered crucial for the diagno-
sis of polyneuropathy (England et al., 2005) because there is no risk
of focal compression. However, the sural nerve, when studied at
the calf using surface electrodes, has a low sensitivity for polyneu-
ropathy of approximately 50% (Tankisi et al., 2019). Tibial nerve F-
wave latencies are more sensitive. However, F-wave abnormalities
are unspecific. The sensitivity of sural NCS can be increased using
the near-nerve needle technique (Krøigård and Sindrup, 2016;
Kural et al., 2016; Kural et al., 2017) but this method is invasive,
more painful for the test subject than surface electrode recordings,
time-consuming and requires special proficiency.
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Examination of the distal part of the sural nerve, the dorsal sural
nerve, increases the sensitivity of NCS in mixed etiology (Killian
and Foreman, 2001; Kural et al., 2017) and diabetic (Uluc et al.,
2008) polyneuropathy patients. However, its implementation in
clinical practice has been limited so far, due to lack of comprehen-
sive reference values for all age-groups. The general concern with
examining the sural nerve is also based on the opinions that it
might be absent in the older age-group, even in normal subjects.

The correct classification of sural NCS has clinical implications
for the diagnosis of polyneuropathy in general, and the distinction
between mixed large and small fiber neuropathy and pure small
fiber neuropathy, which in turn, guides further polyneuropathy
workup including diagnosis of underlying conditions.

The aim of this study was to provide neurophysiologically use-
ful normative reference values for the dorsal sural nerve based on a
large multicenter cohort of healthy subjects, including the older
age-group.

2. Methods

2.1. Study population

Healthy subjects were examined at four clinical neurophysiol-
ogy laboratories in Denmark (Aarhus University Hospital, Odense
University Hospital, the Danish Epilepsy Centre, and Aleris-
Hamlet Hospital). In Aarhus and Odense, subjects had served as a
control group in a large study of diabetic neuropathy (Gylfadottir
et al., 2020) or a study of polyneuropathy (Kural et al., 2017). They
had been recruited from within the patients’ social or work circle
or by social media or a specialized web site (forsøgsperson.dk). A
detailed neurological examination of lower extremities including
standard sensory examination of light brush stroking, pinprick,
and cold (20 �C) and warm (40 �C) thermal rolls was performed
by study physicians. The upper thigh or chest was used as the con-
trol area. Tendon stretch reflexes and muscle strength was
assessed. Vibration sense was determined on the dorsum of the
great toe. At the Danish Epilepsy Centre and Aleris-Hamlet Hospi-
tal, patients examined due to suspicion of carpal tunnel syndrome
without any other previous or present neurological symptoms
Fig. 1. Antidromic nerve conduction study of the dorsal sural nerve. Stimulation: fixed b
cable, E2 red cable). Ground electrode green. (For interpretation of the references to col
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were included. Subjects had normal muscle strength, tendon
stretch reflexes and sensitivity to light touch and pin prick in the
lower extremities. Further, they had no comorbidities or medica-
tion known to affect peripheral nerves and no neurological symp-
toms or signs in the lower extremities. Approval had been obtained
from the Regional Research Ethics Committee of Central Denmark
Region (file number 1-10-72-130-16) (Aarhus and Odense sites).

2.2. Nerve conduction studies

Examinations were performed using Keypoint.Net EMG equip-
ment (Dantec, Skovlunde, Denmark). Disposable, pre-gelled sur-
face electrodes (Ag/AgCL) with a recording area of
15 mm � 20 mm were used (9013S0212 Dantec/Natus). The skin
temperature was maintained at 32–36 �C by a heating lamp. Aver-
aging of at least 20 stimuli was performed. A low pass filter of
10.000 Hz was used.

Examinations were performed by experienced neurophysiolo-
gists or technicians supervised by neurophysiologists. Cursors were
set automatically if the sensory potential was identified by the Key-
point.Net EMG equipment. Otherwise, they were set manually.

Dorsal sural nerves (Fig. 1) were stimulated antidromically
using a surface bar stimulator (Dantec 13L36). The surface record-
ing electrode was placed at the mid-portion of the fifth metatarsal
bone just lateral to the extensor digitorum longus tendon of the
fifth toe with the reference electrode 2 cm distally. The stimulation
site was posterior to the lateral malleolus with the cathode placed
12 cm proximal to the recording electrode. A ground electrode was
placed between the recording and the stimulating electrodes.

Latencies were calculated from the stimulus onset to the first
positive peak for the determination of CV, and amplitudes were
measured peak-to-peak (lowest positive peak to the negative
peak).

2.3. Data analysis

Normal distribution of amplitude, conduction velocity (CV), ln
(amplitude), and ln(CV) was examined using a Shapiro-Wilk test.
Data with a normal distribution were used in further analyses.
ar electrode. Recording electrode: stick on electrodes with a 2 cm distance (E1 black
our in this figure legend, the reader is referred to the web version of this article.)
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Side-to-side differences were examined using paired t-tests. As
there were no significant side-to-side differences, the right side
was used for further analysis. Univariate regression analysis was
performed for age, age2, and for height and height2. Based on this
analysis, the variable age vs. age2 and height vs. height2 with the
most significant correlation with amplitude or CV was selected
for the final regression model.

The normative reference limits were calculated based on linear
regression analysis ± 1.96 standard deviation.
3. Results

3.1. Subjects

Two hundred twenty-nine subjects were examined. Physicians
examined 98 subjects, and experienced clinical neurophysiology
technicians examined 131 subjects. The median age was 54 years,
ranging from 21 to 80 years. Eighty-four subjects (37%) were
60 years or older. Median height was 170 cm, ranging from 152
to 194 cm. The results of a subgroup of 37 healthy controls was
published previously (Kural et al., 2017).
3.2. Data distribution, side-to-side, age and height differences

Sensory potentials (Fig. 2) were successfully recorded in all sub-
jects and all examined nerves/sides.

There was no significant side-to-side difference for neither
amplitude (p = 0.61) nor conduction velocity (p = 0.32). Mean side
to side difference (absolute difference divided by greatest) was
Fig. 2. Typical action potential from the dorsal sural nerve with a
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21.5% (standard deviation 17.4% and 95th percentile 56.7%) for
amplitude and 5.53% (standard deviation 5.77% and 95th per-
centile 18.4%) for CV.

Amplitude (Prob > z 0.00000) and CV (Prob > z 0.01561) were
not normally distributed. Ln(amplitude) (Prob > z 0.53154) and ln
(CV) (Prob > z 0.51312) were normally distributed. Univariate lin-
ear regression analysis showed significant correlations between
both age (p = 0.000; t = �3.89), height (p = 0.005; t = �2.86), age2

(p = 0.000; t = �4.09) and height2 (p = 0.005; t = �2.83) and ln(am-
plitude). For ln(CV) there were significant correlations with both
age (p = 0.000; t = �4.04), height (p = 0.009; t = �2.62), age2

(p = 0.000; t = �4.03) and height2 (p = 0.009; t = �2.62).
Based on these findings, ln(amplitude), age2, and height were

included in the model for amplitude reference limits, whereas ln
(CV), age and height were included in the model for CV reference
limits.

The results of individual subjects are presented in Fig. 3.
3.3. Linear regression model for normative reference values

Normative reference values for amplitude: Amplitude =
e (3.712515 – 0.0000956 * age2 – 0.0115883 * height ± 1.96 * 0.51137).

Normative reference values for CV: CV =
e (4.354374 – 0.0021081 * age – 0.0023354 * height ± 1.96 * 0.11161).

Alternative presentations of these expressions are:
Ln(amplitude) = 3.712515–0.0000956 * age2� 0.0115883 * height ±

1.96 * 0.51137.
Ln(CV) = 4.354374–0.0021081 * age� 0.0023354 * height ± 1.96

* 0.11161.
n amplitude of 6.4 mV and a conduction velocity of 43.5 m/s.



Fig. 3. Amplitude (A) and conduction velocity (B) vs age and vs height (C and D) in healthy subjects in dorsal sural nerve NCS. Y axes are in logarithmic (ln) scale. Lines
represent linear regression.
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An Excel file, where the age and height of the subject can be
entered to calculate the corresponding normative values, is pre-
sented as online Supplementary Material.
4. Discussion

We present reference normal limits for the dorsal sural nerve
NCS, based on a large multicenter cohort. We were able to identify
sensory potentials in all subjects, including the group of elderly
patients. This finding confirms that sensory NCS of the dorsal sural
nerve are suitable for clinical implementation, and suggests a high
specificity of absent potentials in patients with a clinical suspicion
of polyneuropathy.

In contrast, not all healthy subjects have a recordable potential
from the superficial peroneal nerve (Saffarian et al., 2017), which in
another study had been shown to increase the sensitivity of NCS in
mild polyneuropathy (Kushnir et al., 2005). For comparison, poten-
tials were recorded from the medial plantar nerve, another distal
nerve with the potential to increase sensitivity of NCS (Uluc
et al., 2008), in all but two of 81 healthy elderly subjects (Keskin
et al., 2015).

We cannot exclude that our population of healthy subjects is
not entirely representative of the general population, as we do
not have information regarding the socio-economic status and
potential causes of focal peripheral nerve lesions e.g. football or
skiing activities. Also, it is possible that the use of alcohol is lower
than in the general population. Finally, our subjects did not use any
medications known to affect peripheral nerves.

Normative values for the dorsal sural nerve were presented in
one previous large study, including 294 healthy subjects (Frigeni
et al., 2012). However, height, which in the present study was sig-
nificantly correlated with both amplitude and CV, was not ana-
lyzed in the previous study by Frigeni et al. In comparison, mean
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CV was significantly higher and mean amplitude was slightly lower
in the present study. The difference in amplitudes may be
explained by the different distances between stimulation and
recording sites, which varied between 9 and 12 cm in the previous
study and was fixed at 12 cm in the present study. We cannot
explain differences in CV as temperature was comparable in the
two studies.

A retrospective study reported that dorsal sural nerve potentials
were not found in 26% of patients who did not have polyneuropa-
thy based on a clinical evaluation (Vrancken et al., 2008), which is
surprising considering our findings. A possible explanation could
be the presence of subclinical polyneuropathy in these patients.
Further studies in patients examined due to a clinical suspicion
of polyneuropathy, are needed to establish the real diagnostic
value of dorsal sural nerve NCS.

In conclusion, normative values for the dorsal sural nerve were
dependent on age and height. Potentials were recorded from all
healthy subjects and the presented reference limits are applicable
to clinical diagnosis and further studies of the diagnostic accuracy
of NCS in polyneuropathy.
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