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AAbbss tt rraacctt

BBaacckkggrroouunndd  aanndd  ppuurrppoossee::  Tremor accompanies some poly -
neuropathies, but its prevalence and its clinical and electro-
physiological manifestations are not well known. The aim 
of the study was to assess the occurrence and characteristics
of hand tremor in patients with polyneuropathy of different
origins, as well as relations between the occurrence of tremors
and clinical and neurographic findings of polyneuropathy.
MMaatteerriiaall  aanndd  mmeetthhooddss::  Eighty-nine patients diagnosed with
polyneuropathy of known aetiology, and 50 age- and sex-
matched healthy volunteers were included in the study. All
subjects were interviewed regarding the occurrence of tremor.
Tremor was assessed clinically and objectively using a tri-
axial accelerometer and electromyographic (EMG) record-
ings. A load test with a weight of 500 g was performed in
order to differentiate between enhanced physiological tremor
(EPT) and essential tremor-like (ET-L) tremor.
RReessuullttss::  Tremor was found in 59.5% of patients in clinical
assessment and in 74% of patients in objective evaluation, sig-
nificantly more often than in controls (12%). Tremor was
detected in all types of polyneuropathy apart from parapro-
teinaemic IgM polyneuropathy. Tremor was postural (70%),
but resting (51%) or kinetic (32%) tremor was also present.
In the majority of cases, the severity of the tremor was mild.
Essential tremor-like tremor prevailed in the study group.
The occurrence of hand tremor was not related to the axonal
or demyelinating type of polyneuropathy, nor to the conduc-
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SStt rreesszzcc zzeenniiee

WWssttêêpp  ii cceell  pprraaccyy:: Dr¿enie towarzyszy niektórym neuropatiom
obwodowym, ale jego rozpowszechnienie i charakterystyka jest
s³abo poznana. Celem pracy by³o okreœlenie czêstoœci wystêpo-
wania i charakterystyki dr¿enia koñczyn górnych w polineuro-
patiach o ró¿nej etiologii oraz zbadanie zale¿noœci miêdzy
wystêpowaniem dr¿enia a klinicznymi i elektrofizjologicznymi
cechami polineuropatii. 
MMaatteerriiaa³³  ii mmeettooddyy:: Do badania zakwalifikowano 89 chorych
z rozpoznaniem polineuropatii o okreœlonej etiologii i 50-oso -
bow¹ grupê kontroln¹ dobran¹ pod wzglêdem p³ci i wieku. Ze -
brano szczegó³owy wywiad dotycz¹cy dr¿enia koñczyn górnych
oraz wykonano kliniczn¹ i aparaturow¹ ocenê dr¿enia za pomoc¹
akcelerometru trójosiowego i elektromiografii. Na podstawie testu
obci¹¿enia wyró¿niono dr¿enie typu dr¿enia samoistnego lub
o charakterze nasilonego dr¿enia fizjologicznego. 
WWyynniikkii::  U chorych z polineuropati¹ wystêpowanie dr¿enia,
zarówno w ocenie klinicznej (59,5%), jak i aparaturowej (74%),
stwierdzono znamiennie czêœciej ni¿ w grupie kontrolnej (12%).
Obecnoœæ dr¿enia obserwowano we wszystkich badanych neu-
ropatiach, z wyj¹tkiem polineuropatii z paraproteinemi¹ IgM.
Dr¿enie towarzysz¹ce polineuropatii, niezale¿nie od jej etiolo-
gii, by³o najczêœciej posturalne (70%), rzadziej spoczynkowe
(51%) lub kinetyczne (32%), i mia³o niewielkie nasilenie. We
wszystkich polineuropatiach dominowa³o dr¿enie typu dr¿enia
samoistnego. Wystêpowanie dr¿enia nie zale¿a³o ani od domi-
nacji uszkodzenia aksonalnego lub demielinizacyjnego, ani od
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IInn ttrroodduucctt iioonn

Tremor is defined as oscillatory, rhythmic and invol-
un tary movement of a body part caused by alternating or
simultaneous contractions of agonistic and antagonistic
muscles. It is mostly observed in upper and lower limbs,
rarely in the head, trunk or tongue. Tremor results from
the activity of tremor generators located peripherally 
or centrally in the medulla or brain. Slight, invisible to 
the naked eye physiological tremor can be registered in
healthy people using special equipment, such as an ac -
celerometer. Affected by emotions, stimulating agents or
many other factors, physiological tremor can intensify and
become more apparent – so-called enhanced physiologi-
cal tremor (EPT). The most common pathological cause
of tremor is essential tremor (ET), present in approxi-
mately 5% of the general population [1,2].
Tremor is the main or accompanying symptom in

many diseases of the central and peripheral nervous sys-
tem. Tremor accompanies some peripheral neuropathies,
but the prevalence and characteristics of tremor in these
diseases are not well known. It is observed usually in
distal parts of upper limbs as postural and kinetic, very
rarely as resting tremor [3-5]. As yet, concomitant tre -
mor has been described in detail only in inflammatory
and hereditary polyneuropathies [1,2,5-7].
The aim of this study was to assess the prevalence

and the characteristics of tremor of upper limbs in dif-
ferent types of neuropathy, as well as relations between
tremor characteristics and the results of nerve conduc-
tion studies.

MMaatteerriiaall  aanndd  mmeetthhooddss

Recruitment of patients for the study was based on
a review of an electronic database of patients admitted
to the Neurology Clinic, University Hospital in Krakow
between 2008 and 2010 for the differential diagnosis of
clinically presented neuropathy. Patients with diabetic

neuropathy were also recruited from the Clinic of Meta-
bolic Diseases, University Hospital in Krakow. Only
patients with a diagnosis of distal symmetrical sensory-
motor diabetic polyneuropathy (DP), monoclonal IgM
polyneuropathy (PIgM), polyneuropathy in chronic
alcoholism (alcoholic polyneuropathy – AP), genetical-
ly confirmed neuropathy (Charcot-Marie-Tooth type 1
– CMT1) and chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP) were included in the
study.
Exclusion criteria for the study were: the coexistence

of pathologies that can cause polyneuropathy, the pres-
ence of focal lesions in brain neuroimaging, and the
coexistence of diseases of the nervous system and of 
the internal organs that in the clinical picture may pre-
sent tremors (e.g., Parkinson disease and other parkin-
sonian syndromes, essential tremor, Wilson disease,
hyperthyroidism, liver failure). Patients receiving me -
dication which can potentially trigger tremor such as
neuroleptics, metoclopramide, amiodarone and others,
abusers of alcohol (except for alcoholic polyneuropathy)
and those exposed to toxic agents (mercury, lead) were
also excluded from the study.
Polyneuropathy was diagnosed based on clinical and

electrophysiological assessment using nerve conduction
tests and criteria suggested by Tankisi et al. [8]. The diag-
nosis of CMT1, in addition to clinical and electrophy -
siological features of demyelinating polyneuropathy, was
based on genetic investigation evidenced mutation in
the PMP-22 gene (Laboratory of Molecular Biology
and Genetic Diagnosis, Department of Clinical Bio-
chemistry, Jagiellonian University Medical College).
Chronic inflammatory demyelinating polyradiculoneu-
ropathy was diagnosed in cases of progressive – for at
least two months – demyelinating polyneuropathy with
elevated levels of protein in the cerebrospinal fluid, after
excluding other possible causes such as cancer, hormonal
disorders, metabolic disorders (porphyria, diabetes mel-
litus, uraemia), nutritional deficiencies, intoxication with

tion velocity or other electrophysiological findings of the inves-
tigated upper limb nerves.
CCoonncclluussiioonn::  Tremor accompanies 60-70% of patients with
polyneuropathy; it is mostly postural, ET-L type with mild
severity, and unrelated to other typical clinical and electro-
physiological findings of neuropathy.

KKeeyy  wwoorrddss:: neuropathy, polyneuropathy, tremor, essential
tremor.

zwolnienia szybkoœci przewodzenia czy innych parametrów oce-
ny elektrofizjologicznej nerwów obwodowych koñczyn górnych.
WWnniioosseekk:: Dr¿enie koñczyn górnych wystêpuje u 60–70% cho-
rych z polineuropatiami o ró¿nej etiologii, jest najczêœciej po -
sturalne, typu dr¿enia samoistnego, ma niewielkie nasilenie
i nie zale¿y od rodzaju polineuropatii ani od zwolnienia szyb-
koœci przewodzenia w nerwach.

SS³³oowwaa  kklluucczzoowwee:: neuropatia, polineuropatia, dr¿enie, dr¿enie
samoistne.
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heavy metals, drugs, infections (Lyme disease) and im -
mune disorders [9-11]. Monoclonal IgM polyneuro -
pathy was diagnosed in patients with polyneuropathy
and elevated titres of IgM antibodies in the immuno-
electrophoresis of serum proteins, and not confirmed 
by biopsy [12,13]. Diabetic polyneuropathy was diag-
nos ed in patients with diabetes mellitus after exclusion
of other possible causes of polyneuropathy. Alcoholic
polyneuropathy was diagnosed in chronic alcohol abu -
sers with laboratory findings of liver damage.
Persons of both sexes aged from 31 to 82 years,

recruited from life partners or patients’ visitors geneti-
cally unrelated to them, without the presence of neuro-
logical disease in the history or neurological examina-
tion, gave their informed consent to participate in the
study, thereby qualifying for the control group.
A detailed interview of each patient was performed,

concerning symptoms and the course of polyneuropa-
thy as well as presence, intensity, circumstances of onset
and duration of tremor, the presence of potential tremor
triggering factors such as taking tremorogenic medica-
tions and stimulants (coffee, alcohol, tobacco), presence
of hormonal disturbances or others. Each patient had
a neurological and electrophysiological examination
including motor and sensory conduction velocity tests
in upper and lower limbs. The neuropathy type (axonal,
demyelinating, mixed) was defined according to pub-
lished criteria [8]. 
The presence of resting, postural and kinetic tremor

was determined for each patient as well as for the con-
trol group, by direct observation (clinical assessment)
and through the simultaneous registration of tremors by
triaxial accelerometry and superficial EMG recording.
Clinical and instrumental assessments were performed
in three positions: with the upper limbs supported (rest-
ing tremor), with the upper limbs outstretched (postural
tremor), and during the finger-nose test and the Archi -
medes spiral drawing test (kinetic tremor). The exami-
nation of tremor was performed in the morning, after
30 minutes of rest, and at least 2 hours after patients had
drunk tea or coffee or had smoked.
For assessment of tremor in the upper limbs, the tri-

axial accelerometer (TSD 109, BIOPACK System Inc.,
US) was attached by Velcro strips to the proximal pha-
lanx of the middle finger. In the accelerometric assess-
ment, tremor was identified on the basis of a character-
istic peak of dominant frequency in the tremor spectrum.
This method was used to assess the frequency and sever-
ity of tremor. Movement acceleration measured in suc-
cessive time periods is an output signal from the ac -

celerometer. The next step is to calculate the frequency
domain representation (discrete Fourier transform) of that
signal for the range from 2 Hz to 16 Hz. The tremor
intensification coefficient for acceleration Ws was defined
as follows:

max (fft_s (1:20))
Ws = ––––––––––––––––––––––––––––––––––––

mean (fft_s (1:20))

where:
mean is a function calculating the arithmetic average of
the data vector,
fft_s is the Fourier transform of the acceleration in the
frequency range from 1 Hz to 20 Hz.
Tremor amplitude was calculated from the power

spectral density of the spectrogram of the peak of the
dominant frequency. The introduced coefficient Ws shows
the value of the spectrum line’s amplitude that is of the
highest value. This value is normalized by di viding it 
by the mean of all lines’ amplitudes for the range from 
1 Hz to 20 Hz. Normalization allows comparison of
maximum values for different courses. A typical visual
result of tremor frequency assessment by the accelerome-
ter is presented in Fig. 1.
Superficial EMG electrodes (EMG 100C BIO -

PACK System Inc., US) were placed at standard loca-
tions on the carpal flexors and extensors. The frequency
of tremor and synchronization of contractions in two
antagonistic muscle groups, the flexors and extensors of
the wrist, were assessed. Tremor registration by acce -
lerometer and EMG lasted 1.5 minutes. Visual assess-
ment of 10-second EMG recording was performed by
two independent raters (A.W. and T.T.). Synchroniza-
tion of antagonistic muscle contractions was assumed to
be a dominant pattern if it accounted for over 80% of re -
gistered contractions. 
The severity of tremor was assessed separately for

resting, postural and kinetic tremor using the Tremor
Severity Scale [14] and additionally, for kinetic tremor,
by the Archimedes spiral drawing test rated with a 0 
to 9 grading [15,16]. The functional ability of the
patients was assessed by the Activities of Daily Living
Questionnaire (ADL) [17], and their quality of life by
the Quality of Life Essential Tremor Questionnaire
(QUEST) [18].
The load test (LT) identifying the dominant tremor

generator (central or peripheral) was performed on every
patient to determine the type of tremor: EPT or ET-like
(ET-L). The frequency of postural tremor before and
after placement of a 500 g weight on the wrist of the out-
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stretched arm of the patient was measured. The criterion
for a dominant peripheral tremor generator was a decrease
in the tremor frequency greater than 1 Hz in the LT
[15]. The type of ET-L tremor was diagnosed if no de -
crease in tremor frequency was observed in the LT.

SSttaattiissttiiccaall  aannaallyyssiiss

Numerical variables were characterized either by 
the mean ± standard deviation (SD) or the median and
interquartile range (q1–q3), according to their distribu-
tion. To assess distribution of variables, the Kolmogorov-
Smirnov test was used. The significance of differences
between quantitative data was analysed using the χ2 test,
with appropriate Yates modification, as required. The
two-tailed Student t-test was used to assess differences
between normally distributed variables, and the Mann-
Whitney U-test was used for other variables. Correla-
tions between variables were assessed using the Spear-
man rank correlation coefficient (rs) due to the skewed
distribution. All analyses were performed with commer-
cial statistical software (STATISTICA for Windows 
v. 6.0, StatSoft Inc version 8, Poland). A p-value of 0.05
was considered statistically significant.

RReessuullttss

Eighty-nine eligible patients (38 women and 51 men;
mean age: 54.1 ± 18.4 years, mean duration of neu-

ropathy: 11.5 ± 14.0 years) and 50 controls (including
30 women and 20 men, mean age: 57.2 ± 11.9 years)
agreed to take part in the study. There were 6 patients
with CIDP, 7 patients with PIgM, 35 patients with 
DP, 11 patients with PA and 30 patients with CMT1.
The clinical characteristics of neuropathy in different
groups are presented in Table 1.
The presence of upper limb tremor was found in 53

out of 89 (59.5%) patients in the clinical examination and
in 66 (74%) patients in the accelerometric assessment, as
compared to 6 out of 50 (12%) controls in both clinical
and accelerometric assessment (χ2 = 42.9, p= 0.000).
The onset of tremor in all patients occurred later than
onset of neuropathy. At the time of examination, the mean
duration of tremor was 5.14 years, as compared to 11.53
years of neuropathy duration.
In controls, only postural tremor was present and in

patients with polyneuropathy postural tremor was the
most frequent (70.0%) type of presenting tremor. Rest-
ing tremor was found in 51.2% of patients, and kinetic
tremor in 31.7% of patients. There were no statistically
significant differences between aetiology of polyneu-
ropathy and the presence of resting, postural and kine-
tic tremor (Table 2).
Average severity of resting, postural and kinetic tre -

mor assessed by the Simple Tremor Severity Scale in all
patients with polyneuropathy was 1.1, 1.6 and 1.7, res -
pectively, which defines a mild tremor. Average kinetic
tremor severity assessed through the 9-grade scale of
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Archimedes spiral drawing in patients with polyneu-
ropathy was 2.1 and in controls 1.8 (p= 0.0009). No
differences of tremor severity among patients with 
different aetiologies of neuropathy were observed. 
The results of functional ability assessment by ADL were
significantly worse for patients with tremor versus
patients without tremor (p= 0.000017). Patients with
CMT1 were more disabled than patients with DP (12.7
vs. 7.9, p= 0.045) or AP (12.7 vs. 3.9, p= 0.048). Sim-
ilarly, from the results of the QUEST questionnaire,
patients with CMT1 assessed their quality of life as low-
er in comparison to patients with DP (13.9 vs. 8.51, 
p= 0.04). Among other groups of patients with polyneu-
ropathy, no statistically significant differences were found.
The frequency of all types of tremor in patients ranged

from 1.0 to 18.5 Hz (mean: 6.6 Hz), similarly as in con-

trols (mean: 5.8 Hz). The amplitude of all types of tremor
in patients also ranged widely, from 0.01 to 0.28 mm2/s.
There was no difference in the mean value of amplitude
in patients and controls. The average frequency and
amplitude of postural tremor in patients with polyneu-
ropathy of different origin are presented in Table 2.
Synchronization of agonistic and antagonistic muscle

contraction was the dominant pattern of EMG record-
ing in 80% of patients with polyneuropathy and tremor
(4 patients with CIDP, 20 with CMT1, 21 with DP, 
7 with AP). An asynchronous pattern of contraction was
recorded only in 6% of patients (2 patients with CMT1
and 2 with AP). A mixed contraction pattern (synchro-
nous in one hand and asynchronous in the second one)
was observed in 15% of the study group (1 patient with
CIDP, 2 with CMT1, 6 with DP and 3 with AP).

VVaarriiaabbllee DDiiaaggnnoossiiss

CCIIDDPP CCMMTT PPIIggMM DDiiaabbeettiicc  AAllccoohhoolliicc
nn ==  66 nn ==  3300 nn ==  77 ppoollyynneeuurrooppaatthhyy ppoollyynneeuurrooppaatthhyy

nn ==  3355 nn ==  1111

Age [years]; mean ± SD 44.7 ± 19.3 40.2 ± 15 64.4 ± 18 64.3 ± 14.3 58.7 ± 10.9

Sex (female/male) 4/2 13/17 3/4 16/19 2/9

Neuropathy duration 2.3 ± 1.0 21.5 ± 19 3.6 ± 1.9 8 ± 7.4 5.09 ± 2.3
[years]; mean ± SD

Sensory modalities affected
(% of subjects with):

interoceptive 83 100 100 97 100

exteroceptive 50 67 71 66 90

Absent or decreased reflexes 
(% of subjects with):

triceps 67 56 86 65 73

biceps 50 63 71 57 46

radial 67 70 86 60 73

patellar 100 80 57 60 55

Achilles 83 96 100 86 90

Gait ataxia (% of subjects) 83 23 43 28.5 81

Muscle weakness (%)
MRC grade (0-2)

proximal 33 20 0 20 0

distal 33 43 0 26 10

MRC grade (3-5)

proximal 67 80 100 80 100

distal 67 57 100 74 90

TTaabbllee  11.. Characteristics of the study group

CIDP – chronic inflammatory demyelinating polyradiculoneuropathy, CMT1 – Charcot-Marie-Tooth type 1, PIgM – monoclonal IgM polyneuropathy, SD – standard deviation, 

MRC – Medical Research Council
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Within the whole group of patients, tremor of ET-L
type was more frequent – confirmed in 62 (38%) limbs
– than EPT, which was present in 46 (28%) limbs 
(χ2 = 7.95, p = 0.0048). This difference was even
greater for patients with AP (45.4% vs. 9.1%) and DP
(35.7% vs. 22.0%). In patients with CIDP and CMT1,
the ET-L tremor type and EPT were present in an equal
percentage of cases (Table 2).

Patients with neuropathy and accompanying tremor,
compared to patients without tremor, did not have sig-
nificantly different results in nerve conduction velocity
for the medial nerve (45.2 m/s vs. 48.5 m/s) and ulnar
nerve (46.1 m/s vs. 45.5 m/s). The results of sensory and
motor conduction studies did not differ in patients with
resting, postural and kinetic tremor, as well as in patients
with ET-L or EPT type of tremor. No correlation bet -

TTrreemmoorr DDiiaaggnnoossiiss
cchhaarraacctteerriissttiiccss

CCIIDDPP CCMMTT PPIIggMM DDiiaabbeettiicc  AAllccoohhoolliicc
nn ==  66 nn ==  3300 nn ==  77 ppoollyynneeuurrooppaatthhyy ppoollyynneeuurrooppaatthhyy

nn ==  3355 nn ==  1111

Tremor in clinical examination 3 23 0 20 6
(50.0%) (76.6%) (57.4%) (54.5%)

Tremor in accelerometric 5 22 0 29 9
examination (83.3%) (73%) (83%) (82%)

Mean frequency of postural 9.0 7.8 – 7.7 9.7
tremor [Hz]

Mean amplitude of postural 0.23 0.01 – 0.073 0.046
tremor [mm2/s]

Rest tremor 3 16 0 19 4
(50.0%) (53.3%) (54.3%) (36.0%)

Postural tremor 5 19 0 27 7
(83.3%) (63.3%) (77.1%) (63.6%)

Action tremor 2 12 0 11 1
(33.3%) (40%) (31.4%) (9.0%)

ET-like tremor 4/12 23/60 0 25/70 10/22
(tremor/ number  (33.3%) (38.3%) (35.7%) (45.4%)
of examined limbs)

Enhanced physiological 4/12 24/60 0 16/70 2/22
tremor (tremor/ number  (33.3%) (40%) (22.9%) (9.1%)
of examined limbs)

TTaabbllee  22..  Comparison of tremor characteristics in patients with neuropathies of different origin

CIDP – chronic inflammatory demyelinating polyradiculoneuropathy, CMT1 – Charcot-Marie-Tooth type 1, PIgM – monoclonal IgM polyneuropathy, ET – essential tremor

TTyyppeess  ooff  ttrreemmoorr MMeeddiiaann  nneerrvvee UUllnnaarr  nneerrvvee

DDMMLL CCMMAAPP  aammpplliittuuddee DDMMLL CCMMAAPP  aammpplliittuuddee
[[mmss]] [[mmVV]] [[mmss]] [[mmVV]]

TTrreemmoorr  TTrreemmoorr TTrreemmoorr TTrreemmoorr TTrreemmoorr TTrreemmoorr TTrreemmoorr TTrreemmoorr
pprreesseenntt aabbsseenntt  pprreesseenntt aabbsseenntt pprreesseenntt aabbsseenntt pprreesseenntt aabbsseenntt

Rest tremor 6.60 13.98 5.95 4.30 2.60 5.86 3.41 3.31

Postural tremor 6.12 5.14 5.41 4.98 3.69 5.56 4.29 3.45

Action tremor 5.91 5.48 5.69 5.17 4.77 3.83 5.06 3.62

Essential tremor-like tremor 12.49 10.45 5.06 5.57 4.56 3.71 3.48 4.73

Enhanced physiological tremor 11.41 10.82 4.15 5.87 3.32 4.55 3.92 3.94

TTaabbllee  33..  Comparison of mean values of distal motor latency (DML) and mean amplitude of compound muscle action potential (CMAP) of right median and ulnar nerve
examination in different types of tremor
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ween the presence and type of tremor, and the type of
neuropathy (axonal, demyelinating or mixed) was found.
The mean distal motor latency (DML) and the mean
amplitude of the compound muscle action potential
(CMAP) of patients with different types of tremor are
shown in Table 3. 

DDiissccuussssiioonn

The study shows the common occurrence of upper
limb tremor in patients with peripheral neuropathy,
much more often than in the control group. This is the
first study to assess prevalence and types of tremor in
polyneuropathy of different origin compared with a con-
trol group. The results are consistent with the few papers
on this topic published so far, mostly on patients with
hereditary polyneuropathy. Yudell et al. [11] described
4 patients with Roussy-Levy syndrome, in whom he
observed not only typical, postural and kinetic upper
limb tremor, but also tremor of the face, vocal tremor,
and tremor of the lower limbs and trunk. Ryan and
Jones described the case of a 13-year-old boy who had
been diagnosed with inflammatory polyneuropathy, 
in which the first dominant clinical symptom was irreg-
ular kinetic tremor of upper limbs [19]. Salisachs et al.
[10] also described vocal tremor in one patient, lower
limb tremor in 3 patients, and postural and kinetic upper
limb tremor in all 7 patients, one of whom had resting
tremor. They did not, however, observe tremor of the
face and trunk [20]. Thomas et al. analysed symptoms
in 61 patients with CMT1 and found enhanced postur-
al upper limb tremor only in 8 patients accompanied by
ataxia and diagnosed as Roussy-Levy syndrome.
In the literature, there are also descriptions of com-

mon occurrence of tremor in patients with CIDP. In the
study performed by Dalakas et al., tremor was present
during the first attack of the disease in 2 out of 7 pa -
tients, and during the second or third relapse it was pre-
sent in most examined patients. According to the au -
thors, tremor was the onset symptom of a successive
disease stage and it reflected the degree of polyneu-
ropathy intensity [3]. Busby et al. [1,2] in their study,
which characterized different types of polyneuropathy
in the course of immunological disorders, stated that in
subacute and chronic sensory-motor polyneuropathy,
enhanced kinetic tremor occurred in only 4 out of 102
patients.
Data regarding common prevalence of tremor in

polyneuropathy with paraproteinaemia IgM were not
confirmed by this study. Until now, published data con-

cerning PIgM have been based on case reports, or on
several papers analysing tremor in rather small groups
(6-18) of patients, and the recently published report of
Ahlskog et al. [21] based on a cohort of 207 cases of
IgM neuropathy. Bain et al. [9] described symmetrical
and irregular tremor of both distal and proximal parts
of limbs in all 6 patients with PIgM. Smith et al. [22]
observed tremor of upper limbs in 16 out of 18 patients
with PIgM. Seven of them presented tremor similar to
parkinsonian tremor, and in 5 patients additional kinet-
ic lower limb tremor occurred. In a medical record data-
base of 207 patients of IgM monoclonal gammopathy
of undetermined significance (IgM-MGUS) Ahlskog
et al. [21] found tremor in 60 (29%) cases, significant-
ly higher than in 414 patients of other cause neuropa-
thy (9%) serving as a control group. In 25 of 60 patients
with tremor, an alternative potential tremor mechanism
(parkinsonism, ET, drugs, etc.) was also found.
The variation of tremor prevalence in studies pre-

sented above (almost all vs. 29%) is difficult to explain.
Our study is based on a small number of cases (7 only)
and could not be representative for the PIgM patient
population. We also excluded patients with parkinson-
ism and other diseases and states known to cause tremor.
If we take into account only 35 of 207 (16.9%) tremor
cases without an alternative mechanism, the results of the
study of Ahlskog et al. are much closer to our study than
to the studies of Bain et al. [9] or Smiths et al. [22].
Our study showed that tremor accompanying poly -

neuropathy is mainly postural, but in many cases the
accompanying occurrence of kinetic and/or resting tre -
mor was also observed. Isolated rest tremor was ob served
least often. Postural tremor usually occurs in CIDP,
whereas resting and kinetic tremor are common in all
types of polyneuropathy with the exception of alcoholic
polyneuropathy. Similarly, the prevalence of postural and
kinetic tremor is most often described in previous liter-
ature [9,13,22]. Monaco and Turri, who characterized
inflammatory polyneuropathy, stated that postural tremor
is an inherent symptom of polyneuropathy CIDP [13].
It seems to confirm the result of our study, which shows
the highest prevalence of postural tremor in CIDP as
compared to other groups who were examined.
So far, only a few studies have been published that

concern characteristics of tremor accompanying polyneu-
ropathy in terms of full assessment of the tremor para-
meters such as frequency and amplitude. Salisachs et al.
[10] described postural and kinetic tremor of upper limbs
in all 7 patients, one of whom presented a resting tremor
of 4 Hz frequency. Bain et al. [9] described a group of 
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6 patients with tremor of both distal and proximal parts
of limbs, including arm muscles, and concluded that
tremor frequency in distal muscles was lower (2.5-5.5 Hz)
than in proximal muscles (3.7-5.5 Hz). In the study of
Dalakas, Teravainen and Engel [3] the recorded tremor
varied in frequency between 3.3 and 6.4 Hz. Reviewing
the pathophysiology of non-parkinsonian tremor, Deuschl
and Bergman [23] stated that the frequency of neuro-
pathic tremor in arm and hand muscles is between 3 and
6 Hz, but cited only a few supportive data. Tremor fre-
quency between 3 and 6 Hz was registered in about 50%
of our patients, while in many others much higher tremor
frequencies were observed, and in some others lower. Our
results question the generally accepted opinion of low fre-
quency of tremor in neuropathy. We do not have an expla-
nation for our results, but we think that the mechanism
of tremor in some neuropathic patients may be different
than in others and this difference could explain the vari-
ety in tremor frequencies. There are no clear experimen-
tal data supporting the view of a peripheral mechanism
of neuropathic tremor. More detailed clinical studies are
also needed to prove the opinion on the tremor frequen-
cy range in neuropathic patients.
We revealed no dependence of tremor occurrence on

lowered velocity of conduction or other parameters of elec-
trophysiological assessment in a patient group. Similarly,
we did not observe dependence of tremor occurrence on
the dominant form of axonal or demyelination lesion.
A few studies by other authors concerning the relation
between lowered velocity of conduction and tremor occur-
rence also did not explicitly reveal such dependence. Bus-
by et al. proved that improvement of conduction velocity
in peripheral nerves due to treatment of PIgM caused an
increase of frequency in the observed tremor. Additional-
ly, they stated that conduction improvement, due to treat-
ment with immunoglobulin, steroids and other immuno-
suppressants, was connected with a decrease in tremor
intensity. This observation lets us assume that a change of
nerve conduction velocity may affect tremor parameters.
The same authors showed that tremor frequency increas-
es in proximal parts of limbs, but this is not linearly depen-
dent on lowering conduction velocity in a given section of
the examined nerve. No correlation between tremor fre-
quency and intensity of other polyneuropathy symptoms,
such as paresis or sensory disorders, have been mentioned
in the available literature [3,24]. Nor is there any infor-
mation about changes of conduction parameters or depen-
dence on a specific type of tremor. Thus, the present study
is the only one which, based on analysis of the results
obtained, can prove that tremor is not a symptom depen-
dent on conduction parameters.

According to our results, ET-like type of tremor in
polyneuropathy occurs more often (38%) than EPT
(28%). This suggests that the central generator of tremor
could dominate even when the peripheral nervous sys-
tem is damaged. The location of the tremor generator 
in polyneuropathy is still unknown, but there are many
data supporting the central mechanism of tremor in
polyneuropathy. According to Dalakas et al., tremor in
the exa mined patients with dysgammaglobulinaemic
poly neuropathy resembles recurrent pronation-supina-
tion movement typical for resting tremor in Parkinson
disease patients, and indicates the central aetiology of
tremor. Bain et al. [9] suggested that patients with IgM
polyneuropathy have a specific cerebellar functional dis-
turbance caused by the delayed and distorted afferent
input. Recently, Weiss et al. [25] provided direct evi-
dence for a central oscillator underlying neuropathic tre -
mor in one patient with IgM polyneuropathy and tremor
effectively treated with bilateral deep brain stimulation
of the ventral intermediate nucleus of the thalamus. 
The study supports the concept of defective afferent input
resulting in dysregulation of the cerebellar-thalamo-
cortical motor network in neuropathic tremor.
It should be stated that the very high incidence of

tremor in our neuropathic patients could be related to
the method of patient recruitment. We are a tertiary re -
ferral centre for movement disorders and patients with
unusual manifestations of movement disorders are more
likely to be referred to our centre. However, the patients
for the study were recruited from the cohort of patients
for whom we are a regional referral centre. We diagnosed
them and followed them for long-term treatment. For
that reason we believe the bias of the study does not sig-
nificantly influence our results, but the next study should
be done on a different population. 
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