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Abstract

Introduction: Multiple sclerosis was considered a disease of the central nervous system only, but more and more evidence
show the involvement of the peripheral nervous system (PNS).

Aim of the research: The aim of this study was to estimate the prevalence of PNS damage in patients with multiple sclerosis
(PwMS), compared to the general population, and to evaluate selected electrophysiological parameters in these patients.
Material and methods: Ninety-three individuals (38 men and 55 women) aged between 18 and 65 years diagnosed with MS
according to the 2017 modified McDonald criteria were included in the study. The control group consisted of 30 subjects
(12 men and 18 women), healthy volunteers or patients with other neurological diseases, without PNS damage. PNS param-
eters obtained by the nerve conduction study (NCS) were analysed, including latency, sensory and motor response ampli-
tude, conduction velocities and minimal F-wave latency in the median, ulnar, peroneal and sural nerves. Based on the values
obtained, the prevalence of peripheral nervous system damage in MS patients/PwMS and the nature of this damage were
determined.

Results: Abnormalities in nerve conduction studies were demonstrated in 66.6% of patients in the study group compared to
43.3% of the control group (p < 0.005). The peripheral nerve damage in patients with MS/PwMS was axonal-demyelinating
in nature and tended to involve proximal segments, mainly in the ulnar and peroneal nerves. The peripheral nervous system

damage was statistically significantly more frequent in patients with MS/PwMS than in the control group.
Conclusions: Electrophysiological testing, in specific cases, can be useful in the algorithm of care for a patient with MS.

Introduction

For many decades, multiple sclerosis (MS) was
considered a disease of the central nervous system
(CNS) only, but in recent years, the co-occurrence
of damage to the peripheral nervous system (PNS)
has been increasingly emphasized. So far, the fre-
quency of damage has not been determined, nor has
the mechanism leading to it been defined. Based on
current research using electrophysiological meth-
ods, it is estimated that PNS damage occurs in 5-74%
of patients with multiple sclerosis (PwMS). This range
of results shows that there is still a lot of uncertainty
on this topic [1-6].

The nature of the damage, despite the most fre-
quently described demyelinating changes, is not
entirely clear because the latest scientific reports
also describe axonal damage [3]. The research noted
the temporal relationship between the diagnosis
of polyneuropathy and multiple sclerosis in patients
with a double diagnosis, as well as the co-occurrence
of the chronic inflammatory demyelinating polyra-
diculoneuropathy (CIDP) and MS [4, 7-10].
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Apart from electrophysiological methods, PNS ab-
normalities in MS have been investigated by nerve bi-
opsy, magnetic resonance imaging, sudomotor reflex
testing, histamine response test and vibration percep-
tion threshold (VPT), electrochemical skin conduc-
tance (ESC) and DN4 questionnaire [6, 10, 11].

The analysed scientific studies have not been
shown/have not shown a coherent picture that would
allow us to clearly determine the mechanism of dam-
age. However, it is known that the disease process tends
to affect proximal nerve segments, which may explain
the uncertainties in the results of electrophysiological
tests [12]. Most changes are demyelinating in nature
in the form of prolonged terminal latencies, prolonged
minimum F wave delays and segmental slowing of con-
duction velocity [5, 10]. Studies of larger groups indicate
demyelinating damage [10], but studies indicating axo-
nal changes have also been published [1].

Moreover, the analysis of scientific research shows
that several points have also been identified that may
suggest a common pathological mechanism leading
to myelin damage in the CNS and PNS. These are

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).

License (http://creativecommons.org/licenses/by-nc-sa/4.0/)


https://orcid.org/0000-0002-7955-3454

90 Dominik Siutka, Katarzyna Siutka, Matgorzata Fudala, Waldemar Brola

similarities in the structure of CNS and PNS myelin,
especially in the presence of myelin basic protein
(MBP), myelin proteolipid protein (PLP), 2,3’cyclic
nucleotide 3-phosphodiesterase (CNP) and myelin-
associated glycoprotein (MAG) proteins [13]; the oc-
currence of antibodies against neurofascin in patients
with demyelination in the CNS and PNS (combined
central and peripheral demyelination, CCPD) [9];
the presence of specific antibodies against MBP in
the serum of patients with MS [14]; increased citrul-
lination of MBP in the CNS and PNS in PwMS [15];
loss of MAG in the CNS and PNS in PwMS [15]; loss
of nodal and perinodal structures stabilizing myelin
in the CNS and PNS in MS patients/PwMS [16] and
increased oxidative stress in the CNS and peripheral
blood in patients with MS/PwMS [17].

Aim of the research

The main aim of the study was to estimate the fre-
quency of damage to the PNS in PwWMS compared to
the control population and to assess selected electro-
physiological parameters of the PNS in these patients.

Material and methods

The study included 93 patients of both sexes (38 men
and 55 women) aged between 18 and 65 years, diag-
nosed with multiple sclerosis according to the modi-
fied 2017 McDonald criteria [18]. The research was con-
ducted from 24 January 2019 to 27 August 2021 in four
centres in the Swietokrzyskie Voivodeship.

The control group consisted of 30 patients (12 men
and 18 women) aged between 18 and 59 years, without
clinical signs of PNS or CNS damage, who were hospital-
ized for other reasons (e.g. headache, epilepsy, demen-
tia). The control group also included volunteers without
diseases predisposing to damage to the PNS (Table 1).

The criteria for exclusion from the study were: lack
of informed and voluntary consent to participate in
the study, co-occurrence of diseases predisposing to

Table 1. Comparison of the PwMS group and the control
group

Variables PwMS Control P-value
(n=93) group
(n=30)
Sex, n (%):
Men 38 (40.9) 12 (40) 0.9338
Women 55 (59.1) 18 (60)
Age [years]:
Range 18-66 18-59 0.5400
Mean (SD) 41 (12.4) 39 (10.6)
Median (Q-Q,)  41(34-46) 38 (32-44)

PWMS — patients with multiple sclerosis.

damage of the PNS, such as diabetes, chronic renal

failure, monoclonal gammopathies, connective tissue

diseases, alcoholism, malnutrition (BMI < 18.5 kg/m?),
cancer diseases.

The research procedure consisted of:

* Analysis of available medical documentation (medi-
cal history regarding the onset and course of MS,
duration of the disease, number of relapses, domi-
nant clinical symptoms, duration of immunomodu-
latory therapy and currently used medications);

* Assessment of motor impairment based on the EDSS
scale;

e Nerve conduction study (NCS) performed with
the Neurosoft Neuro-EMG-Micro device covering
the median, ulnar, peroneal and sural nerves (us-
ing the antidromic sensory method, motor method,
with F wave assessment).

For the purposes of this study, nerve damage was
defined as exceeding the norms applicable in the labo-
ratory of at least one indicator of neurographic exami-
nation (final latency, response amplitude, segmental
conduction velocities and minimum F-wave latency).

Statistical analysis

Statistical analysis was performed using MedCalc®
Statistical Software version 20.014 (MedCalc Software
Ltd, Ostend, Belgium) and Microsoft Excel. Statistical
description techniques and the Shapiro-Wilk test of nor-
mality were applied for descriptions of the groups and
the variables. The main research hypothesis was tested
by comparing the average results of the two groups.
The parametric Student’s t-test was applied for quanti-
tative, normally distributed variables. To verify the sec-
ondary hypotheses, the same method was applied for
the comparison of quantitative variables (e.g., age)
between the groups, and a contingency table analysis
with y? analysis was performed to compare the groups
in terms of nominal and ordinal variables. P-values
< 0.05 were considered statistically significant.

Results

Of the 93 PwMS included in the study, the vast ma-
jority (93.5%) consisted of relapsing-remitting form
of multiple sclerosis (RRMS). The median duration
of the disease was 5 years. They were characterized
by different disease activity and were taking various
available disease-modifying drugs (clinical character-
istics of the study group are presented in Table 2).

The electrophysiological study showed that 66.6%
of the patients in the study group (61 persons) had
damage to at least one nerve manifested by a devia-
tion from the norm of at least neurographic examina-
tion indicator (Figure 1). In the control group, similar
damage was found in 43.3% (13 patients) (p < 0.05).

The electroneurographic parameters of the PNS
were compared between the study group and the con-
trol group, separated into sensory and motor fibres.
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Table 2. General characteristics of the study group

Variables Value Variables Value
Disease course, n (%): Current DMT, n (%):
RRMS 87 (93.5) Interferon 33 (35.5)
SPMS 3(3.2) Dimethyl fumarate 28 (30.1)
PPMS 3(3.2) Teriflunomide 8(8.6)
Disease duration [years]: Glatiramer acetate 4 (4.3)
Mean (SD) 6.99 (7.41) Fingolimod 3(3.2)
Median 5.00 Ocrelizumab 2(2.2)
Range 0-43 Siponimod 1(11)
EDSS: Without DMT 14 (15.1)
Mean (SD) 2.15 (2.1) Changing DMT during disease, n (%):
Median 2.0 Only one drug 77 (82.8)
Range 1-4.5 More than one drug 16 (17.2)
Number of relapses: Clinical symptoms, n (%):
Mean (SD) 2.36 (0.24) Sensory 56 (60.2)
Median 1 Motor 55 (59.1)
Range 1-10 Cerebellar 21 (22.6)
Disease activity [number Mental 18 (19.4)
of relapses/disease duration]: Visual 12 (12.9)
Mean (SD) 0.556 (0.49) Autonomic 10 (10.8)
Median 0.380 Brainstem 4(4.3)
Range 0.02-3.00 Other 22 (23.9)
Percentage of treatment time . o . .
. X . DMT —disease modifying therapy, PPMS — primary progressive mul-
ezl reatitmeg i/ Elisease years) tiple sclerosis, RRMS — relapsing remitting multiple sclerosis, SPMS
Mean (SD) 0.69 (0.35) —secondary progressive multiple sclerosis, SD — standard deviation.
Median 0.710 70
p < 0.005
Range 0-1 60
50 A
Table 3 shows a comparison of the average conduction 20
parameters of sensory fibres of the examined nerves. 2
In the study group, a statistically significant de- 30 4
crease in the amplitude of the sensory response was
observed in the median and ulnar nerves, compared 20 7
to the control group, amounting to 14.3 puV in the me- 1o-
dian nerve and 11.2 pV in the ulnar nerve. This phe-
nomenon was not observed in the sural nerve. No 0-

statistical significance was observed in terms of pa-
rameters that may indicate demyelination, i.e. an in-
crease in distal latency and a decrease in conduction
velocity in the above nerves.

The conduction parameters in motor fibres in
the median nerve in MS patients did not differ from
the control group. However, in the ulnar nerve, these
differences were significant and were manifested by
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PwMS Control group

Figure 1. Frequency of damage to at least 1 peripheral
nerve in the patients with multiple sclerosis (PwMS) and
control groups

a statistically significant decrease in the response am-
plitude and an increase in the minimum F-wave la-
tency (Table 4).
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Table 3. Comparison of abnormalities in peripheral sensory fibres between the persons with multiple sclerosis (PwMS)
and control groups

Nerve Parameter PwMS Control group P-value

Mean (SD)  Range Median Mean (SD)  Range Median
(Q1-Q2) (Q1-Q2)

Median Llatency [ms] 2.4 (04) 1838  23(2-26) 24(03)  21-33 23(2.2-2.5)  0.4453
Amplitude [mV] 40.3 (19.4) 6.5-863 39.9 (28.5-52.6) 54.8 (27.1) 12.6-124.0 47.5 (35.1-74.5) 0.0016
Velocity [m/s] 59.4 (7.6) 36.8-77.8 60.9 (54.9-63.6) 60.0(7.2) 42.0-68.3 62.2(57.1-65.1) 0.4998

Ulnar  Llatency[ms]  24(03)  17-32 23(22-25  23(02)  19-27 2.2 (21-2.4)  0.0580
Amplitude [mV] 29.1(15.8) 5.1-71.6 26.9 (15.4-40.1) 403 (20.3) 7.2-932 35.9 (25.3-52.2) 0.0052
Velocity [m/s]  59.5 (6.2) 43.4-82.7 59.6 (56.1-63.0) 62.0 (5.5 52.8-73.7 62.2(57.1-66.7) 0.0561

Sural  Llatency[ms] 2.9(04) 00-36  29(27-31)  28(03) 24-33 28(2.6-31) 03206

Amplitude [mV] 14.9 (9.1) 0.0-41.9 129 (7.6-20.0) 15.7(7.0) 54-30.2 13.6(11.9-20.4) 0.2798
Velocity [m/s] 48.5(7.2) 0.0-66.1 49.0 (45.5-52.8) 50.3(5.1) 42.4-58.8 49.0(45.5-52.8) 0.2373

SD - standard deviation; statistically significant differences are shown in bold.

Table 4. Comparison of test results in peripheral motor fibres between the patients with multiple sclerosis (PwMS) and
control groups

Nerve Parameter PwWMS Control group P-value

Mean Range Median Mean Range Median

(SD) (Q1-Q2) (SD) (Q1-Q2)
Median Latency [ms] 2.9(0.5) 21-4.9 2.9 (2.6-3.1) 29(04) 2.2-38 2.8(2.7-3.1)  0.7613
Amplitude [mV]  10.0 2.9) 3.0-19.1 9.7 (8.5-11.9) 10.6 (24) 6.1-164 103 (9.8-12.0) 0.3120

)
)

V1[m/s] 59.7 3.5) 53.2-68.4 59.6 (57.1-62.3) 60.5 (5.0) 51.1-74.0 59.6 (57.1-62.3) 0.3349

V2 [m/s] 60.0 (7.4) 40.0-82.4 59.3 (55.2-65.0) 62.6 (8.2) 50.0-87.5 61.4(57.9-66.7) 0.1175

F wave latency [ms] 26.2 (2.2) 20.3-32.2 25.8 (24.6-27.6) 255 (2.1) 20.6-30.3 25.1(24.2-26.4) 0.9363

Ulnar latency [ms]  22(03) 17-34  22(21-24) 22(03) 18-31 21(.1-22)  0.003
Amplitude [mV] 9.1 (2.4) 4.0-151 9.2(7.2-10.6) 103 (1.9) 6.4-13.9 10.5(8.8-11.5) 0.0195

V1 [m/s] 60.8 (5.1) 43.1-75.6 60.0 (58.1-63.4) 62.1(4.8) 511-72.0 616 (59.0-65.5) 0.1465

V2 [m/s] 60.4 (7.8) 38.1-78.6 615 (55.2-66.7) 61.1(7.6) 45.9-75.9 59.4(56.2-67.6) 0.6815

V3 [m/s] 66.2 (9.4) 413-90.9 65.5 (59.4-71.5) 66.0 (8.4) 52.2-88.9 65.5 (59.4-71.6) 0.9256

Fwave latency [ms] 26.7 (2.3) 19.9-32.1 26.5(25.1-28.1) 25.6 (2.2) 21.6-30.7 25.3 (24.2-26.5) 0.0283
Peroneal  Llatency[ms]  4.5(0.8) 3.3-9.2 46.8 (43.7-50.4) 4.1(0.6) 2.8-57  4.0(3.8-43)  0.0016
Amplitude [mV] 5.9 (23) 04-111 63 (43-7.4) 67(23) 41-122  6.0((5.2-7.6) 0.2945

V1 [m/s] 481 (4.6) 29.3-56.2 49.2 (45.8-50.6) 50.8 (4.1) 41.8-58.0 511 (47.1-53.1) 0.0052

V2 [m/s] 51.9 (7.9) 30.7-70.4 51.7 (46.9-57.1) 53.3 (6.4) 41.7-65.5 54.4 (47.1-57.9) 0.3915

Fwave latency [ms] 47.4 (4.7) 32.9-58.2 47.1(44.1-50.8) 45.1(14.2) 37.7-52.7 44.8 (42.3-47.1) 0.0191

V — velocity; statistically significant differences are shown in bold.

The largest differences were found in the motor Djscussion
fibres of the peroneal nerve. A statistically signifi-
cant increase in the latency of the final response from Our study showed that 66.6% of PWMS (63 pa-
the extensor digitorum brevis muscle, the minimum tients) had damage to at least one nerve. In the control
F-wave latency and a decrease in conduction velocity ~ group, this damage occurred in 43.3% (13 patients).
in the lower leg (V1) was found. These changes were  This is a lower frequency than in Pogorzelski et al’s
demyelinating damage (Figures 2 and 3). study, which found PNS damage in 74.2% of PwMS [2],
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. p =0.0016

Peroneal motor conduction latency [ms]

T
Patients with multiple ~ Control group

sclerosis
Figure 2. Motor conduction latency of the peroneal nerve

but slightly higher than in other such studies [1-5, 7].
In the Sarova-Pinhas et al.’s study [1], PNS damage was
observed in 45.5% of PwMS, while Yin et al. estimates
this percentage at 53.5% [3]. Clearly lower rates of PNS
involvement in patients with MS are reported by Gart-
zen et al. (29.6%) [5] and Misawa et al. (10%) [7]. These
differences result from different research methodolo-
gies and indicate the lack of uniform and universally
accepted electrophysiological criteria for nerve damage.

Our study focused on comparing the peripheral
nerve conduction parameters of the PWMS group
and the control group. Sensory fibres showed axonal
damage in the median and ulnar nerves (decrease in
response amplitude). This phenomenon was not ob-
served in the sural nerve. No significant demyelinat-
ing changes were observed, but as subsequent analy-
ses showed, minor changes occurred in the group
of men. This confirms the results of Pogorzelski
et al’s study [2] and studies by other authors, which
also demonstrated axonal damage [1]. However, they
contrast with the 2020 Turkish study, which did not
show such damage [12].

No significant differences were found in the mo-
tor fibres of the median nerve. The ulnar nerve showed
mixed changes (statistically significant decrease in re-
sponse amplitude, prolongation of minimal F-wave
latency). As in most previous studies, the most signifi-
cant differences were observed in the peroneal nerve.
There was a prolongation of the latency of the final mo-
tor response and the minimal F-wave latency, as well
as a slowing of the conduction velocity on the lower
extremity. These parameters indicate demyelinating
damage. No axonal damage was demonstrated. Due
to the lack of anatomical isthmus in the section where
the release occurred and unchanged conduction at
the level of the head of the fibula, these changes are
not secondary to compression. The mechanical causes
of PNS damage can also be excluded due to the fact
that the vast majority of respondents/patients did not
require or use orthopaedic aids (the average EDSS was
2.15 points).
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Figure 3. Decrease of conduction velocity in the motor fibres
of the peroneal nerve

Similar results were presented by Misawa et al.,
where the most commonly affected nerves in pa-
tients with MS/PwMS were the ulnar, peroneal and
sural nerve [7]. However, in Pogorzelski et al.’s study,
changes in multiple sclerosis had a predilection for
the ulnar and peroneal nerve [2].

Analysing the results of our study, it can be con-
cluded that the damage to the peripheral fibres was
of a mixed axonal-demyelinating type and occurred
mainly in the ulnar and peroneal nerve. Similar conclu-
sions were represented in previous Polish studies [2, 6].

A significant prolongation of the minimum latency
of the F wave in the ulnar and peroneal nerves is worth
noting, which may indirectly indicate a greater involve-
ment of the proximal sections of these nerves. This ob-
servation confirms the result of the study by Jende et al.
using magnetic resonance imaging (MRI) [11].

Reports of the co-occurrence of CIDP and MS
are very interesting [4, 7-10]. However, in our study,
no case meeting the CIDP criteria was diagnosed.
One patient was referred for further diagnostics at
the home centre due to severe sensory syndrome and
weak signs of demyelinating damage to the examined
nerves, which did not meet the criteria for the diag-
nosis of CIDP.

Our study had several important limitations.
The study group was not very large because data col-
lection took place during the peak of the COVID-19
epidemic/pandemic. The homogeneity of the study
group would probably be increased by excluding pa-
tients with PPMS and SPMS and focusing on the assess-
ment of patients with RRMS only. However, patients
with progressive forms constituted a small percentage
and were retained in the study. There was a notice-
able difference in the mean age between the study and
control groups, but it was not statistically significant.
However, the observed differences in amplitude and
latencies cannot be explained by age-related changes,
because in sensory fibres the final latency decreases
on average by only 0.02 ms/cm and the amplitude by
2.3 pV for every 5 years of age [19, 20].
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It should be noted that in the majority of PwMS,
the abnormalities revealed by neurographic examina-
tion were not symptomatic. The current diagnostic
criteria focus only on indicators of the central dam-
age, with particular emphasis on the use of imaging
studies. We need to be aware that symptoms such as
paraesthesia and disturbances of superficial sensation
may also be caused by damage to peripheral sensory
nerves, and pathological fatigue and heat intolerance
— by damage to autonomic fibres. It has also been sug-
gested that symptoms of autonomic nervous system
damage may be a predictor of disability associated
with disease progression [15]. Additionally, the more
frequent occurrence of inflammatory polyneuropa-
thy in PwWMS may indicate the need to change the di-
agnostic and therapeutic approach. In special cases,
the electrophysiological testing may be useful in
the algorithm of care for a patient with MS.

Conclusions

The common belief that MS is a disease of the
CNS only is not entirely true. Conduction abnormali-
ties in the PNS in MS are more common than com-
monly believed and affect more than 66% of PwMS
(compared to 43.3% of the control group). The PNS
damage is axonal-demyelinating in nature and tends
to affect the proximal segments, mainly in the ulnar
and peroneal nerve.
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