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Abstract
Objectives: In healthy people, the vibrotactile perception threshold (VPT) at fingertips depends on a given measurement
method and on individual characteristics such as age, gender and finger skin temperature. The aim of the study was to
compare the VPT values in 2 groups of healthy subjects with different finger skin temperature. Materials and Methods:
The study group comprised 56 males and 76 females, who formed pairs matched with respect to age, gender and body
mass index (BMI) but differing in terms of finger skin temperature at pre-launch testing. The finger skin temperature of
less than 29°C indicated the subjects with “cold hands” and that of more than 29°C, the subjects with “warm hands”. The
measuring system made use of P8 pallesthesiometer (EMSON-MAT, Poland) and the measurement procedure was in compliance with the ISO 13091-1:2001 standard. VPT measurements were performed for the index, middle and ring fingers of
both hands at the frequencies of 4 Hz, 25 Hz, 31.5 Hz, 63 Hz, 125 Hz and 250 Hz. Results: The findings of the study revealed
that the mean VPTs among the subjects with “cold hands” were significantly higher than the corresponding values among
the subjects with “warm hands”. Conclusions: The type of individual peripheral thermoregulation should be considered
when assessing the VPT and determining its reference values.
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INTRODUCTION
Early detection of peripheral neuropathies is beneficial in
the diagnostics and prevention of occupational diseases
resulting from exposure to health hazards at work. For
a quantitative assessment of peripheral nervous system
disorders, the vibrotactile perception threshold (VPT) at
fingertips is measured using pallesthesiometry.
Impaired vibrotactile perception may be induced by
some exogenic factors including neurotoxic chemicals,

a number of anticancer drugs and physical factors having
direct impact on upper extremities, namely cumulated
mechanical trauma and vibration [1,2]. It may also be
caused by such conditions as diabetic, alcohol-related,
hormonal, metabolic and inflammatory mononeuropathies, carpal tunnel syndrome as well as malnutritionrelated polyneuropathies [3]. The vibrotactile perception
depends on many factors connected with the characteristics of vibration stimulus, a psychophysical measurement
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procedure in which the stimulus is used to determine
thresholds, experimental conditions and individual features of subjects [4,5].
The use of vibrotactile perception measurements as
a method for diagnosing early disorders of the peripheral nervous system within upper extremities, which occur
e.g. in the hand-arm vibration syndrome, made it necessary to standardize the methods used for measurements
and results interpretation of VPT at fingertips. This task,
undertaken by the International Organization for Standardization, has brought about the development of the
ISO 13091-1 and 13091-2 standards in 2001 and 2003,
respectively [6,7]. The contained therein methodological requirements may be used to determine reference
values for VPT at fingertips measured under predefined
conditions for the 3 following mechanoreceptors: SAI –
Merkel discs, FAI – Meissner corpuscles, and FAII – Pacinian corpuscles which mediate perception over a given
frequency range.
However, a number of important factors that have considerable impact on vibration perception should be verified
beforehand. These include individual features of subjects,
such as age, gender, anthropometric data and finger skin
temperature [8,9]. According to the ISO 13091-1 standard, it is assumed that the VPTs for the SAI, FAI and
FAII receptors are not significantly dependent on finger
skin temperature within the range of 27–35°C. Literature
data indicate that vibration perception declines along with
the decreasing finger skin temperature under experimental conditions of cooling the subject’s hands in cold water
or with cool air [10–12]. However, the influence of individual finger skin temperature on VPT has not been elucidated thus far.
The present study aimed at investigating whether there
are any differences in VPT, determined in accordance with
ISO 13091-1 standard, between healthy males and females
of the same age and similar BMI but with a different finger
skin temperature.
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MATERIAL AND METHODS
Subjects
One hundred and thirty two healthy individuals, aged 19–
66 years took part in the study. They represented different professions and were not occupationally exposed to
vibration. The subjects were enrolled in the study based
on internal and neurological histories and selected upper
extremity examinations for limited mobility of wrist joints,
presence of contractures, scars and thickening of the epidermis. The exclusion criteria included:
–– diseases leading to peripheral neuropathies, such as
hyper- or hypothyroidism, diabetes mellitus, neck pain
and alcoholism;
–– pharmacotherapy with drugs toxic to the peripheral
nervous system;
–– reporting muscle pain or weakness, and tingling and
numbness within upper extremities.
Of all the 390 subjects classified for the study, 56 males,
aged 19–66 years, and 76 females, aged 19–50 years, were
selected, and pairs of subjects matched for age, gender
and BMI were formed. In the female group, the mean
age difference between the subjects in each pair, calculated for the whole group, was 0.84±0.81 year, while in
the male group, the respective value was 0.93±0.77 year.
The mean BMI difference between the pairs of subjects
was 1.17±1.15 kg/m2 among females and 1.52±1.08 kg/m2
among males.
The persons in each pair differed only with respect to the
mean finger skin temperature, which was either higher
or lower than 29°C. The subjects were classified into the
group “with cold hands” when they reported having usually cold hands and being oversensitive to cold. In these
subjects, the finger skin temperature did not exceed 29°C
even though they were staying in a room in which the air
temperature was not lower than 21°C.
All the subjects gave their written informed consent to
participate in the study. They did not receive any remuneration for taking part in the project. Table 1 summarizes
IJOMEH 2013;26(6)
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Table 1. Characteristics of the subjects with cold (< 29°C) and warm (> 29°C) hands

Variables

Men
(N = 56)
M±SD (range)

Women
(N = 76)
M±SD (range)

cold hands
(N = 28)

warm hands
(N = 28)

cold hands
(N = 38)

warm hands
(N = 38)

Age (years)

37.9±15.8
(19–66)

38.5±14.6
(19–66)

30.7±12.8
(19–50)

30.6±12.6
(19–50)

Body Mass Index

25.8±3.6
(18.6–32.7)

25.7±3.0
(20.4–30,8)

22.2±3.4
(18.9–31.5)

22.4±3.4
(18.1–33.3)

left hand

27.8±1.2
(23.9–28.9)

31.5±1.0
(29.6–33.4)

25.4±1.6
(22.5–28.5)

31.0±1.5
(29.1–34.3)

right hand

27.9±1.2
(24.5–28.6)

31.6±1.2
(29.0–33.4)

25.8±1.7
(22.2–28.9)

31.2±1.5
(29.0–34.1)

Finger skin temperature (°C)

M – mean; SD – standard deviation.

the subjects’ characteristics and their mean finger skin
temperature.
Measuring system
VPT was measured using P8 pallesthesiometer (EMSONMAT, Poland). The measuring system consisted of a vibrometer unit with a stimulating probe, a subject response button, and the vibrometer software. The stimulating probe was
a flat-ended perspex cylinder, 5 mm in diameter.
The subject kept his/her forearm and hand on the unit
box, resting the palm on a special support that ensured
contact between the fingertip and the probe, and pressed
the stimulating probe in such a way that the finger would
not touch the surface surrounding the probe (according to
ISO 13091-1, Method A: without surround) [6]. Vibration
was applied to the distal phalanx at the site located halfway between the centre of the whorl and the fingernail.
The subject pressed the probe and watched the control
panel for 2 small lights going on and off. When the pressure was too strong or too weak, one of the lamps lit up.
The lamp went out if the predefined static force of 0.1 N
was achieved. The procedure makes the subject monitor
the pressing force and maintain it at the right level.
932
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VPT was determined using von Bèkèsy algorithm in which
continuous sinusoidal stimulus with time-varying amplitude in root mean square (r.m.s.) acceleration level is
used to determine sequentially ascending and descending
thresholds. Based on these principles, in our experiment,
the vibration magnitude was increasing until the subject
perceived the vibration and pressed the response button
held in the other hand. Then the vibration was decreasing until the subject could no longer perceive the vibration
stimulus and released the button. A continuous vibration
stimulus was applied and its magnitude increased and decreased at a constant rate of 2 dB/s.
Experimental procedure
Prior to the experiment, each subject practiced the testing
task in order to familiarize with the vibration stimuli and
the measurement procedure. They received standard oral
instructions.
Initially, VPTs were determined for the index finger of the
right hand for the 3 following frequencies: 4 Hz, 25 Hz
and 125 Hz. According to the ISO 13091-1 standard, background vibration was measured prior to each measurement session, using a stimulating probe in contact with
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finger skin, as well as when no stimulus was applied. It was
measured at sufficient bandwidth and was lower than the
VPT at the frequency for which the threshold was calculated [6]. The practice took about 3–4 min and each subject
received the same amount of training.
VPT measurements were performed for the index, middle
and ring fingers of both hands at the following frequencies: 4 Hz, 25 Hz, 31.5 Hz, 63 Hz, 125 Hz and 250 Hz.
According to the ISO 13091-1 standard, the vibration frequency range used for testing applied to the 3 mechanoreceptors: SAI – Merkel cell, FAI – Meissner corpuscles,
and FAII – Pacinian corpuscles. In the present study, this
range was extended by adding the 250 Hz frequency for
a more detailed assessment of the impact of finger skin
temperature on VPT.
The finger skin temperature at distal phalanx in the 3 fingers of both hands was measured before and after VPT assessment. The measurements were made with ±0.1°C
precision, using a non-contact infrared thermometer
(FR 260 MV, Ahlborn, Germany). Each measuring session
lasted not more than 30 min.
Smoking and drinking beverages containing caffeine was
not allowed for at least 1 h prior to the experiment. The
subjects, who reported having an antibiotic therapy in the
past, were allowed to participate if their therapy finished
at least 2 weeks before the onset of the study.
The room temperature was between 21°C and 25°C
(mean 22.9±1°C) and noise level was lower than 50 dB-A.
All the measurements were performed by the same person (BH). No outsiders were allowed to enter the laboratory during testing.
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> 29°C¸ respectively) on VPT. The subject’s VPT was determined as the mean threshold for 6 fingers. The mean
VPT values were calculated for all the subjects from one
group for a given vibration frequency. The paired t-test
was used to compare the effect of finger skin temperature
in 2 groups of subjects on VPT at each vibration frequency.
Tukey test was used in post-hoc analysis to assess the significance of differences between the mean VPT determined
for all the 6 frequencies (4 Hz, 25 Hz 31.5 Hz, 63 Hz,
125 Hz and 250 Hz) in the 2 groups of the subjects with
different finger skin temperature (< 29°C and > 29°C).
Statistical analysis was performed using the Statistical
Package for Statistica 10.1, StatSoft Poland.

RESULTS
Figures 1 and 2 show the differences in VPTs between
the subjects with normal finger skin temperature (mean:
> 31°C) and decreased finger skin temperature (mean:
< 27.9°C in males and < 25.9°C in females).
The two-way analysis of variance revealed a significant influence of vibration frequency on VPT, both among males
(F(5, 1002) = 501.9, p < 0.0001) and females (F(5, 1362) = 362.8,
p < 0.0001). Belonging to the group with low or high finger

STATISTICAL ANALYSIS
Two-way analysis of variance (ANOVA) with repeated
measures was used to assess the effects of vibration frequency (4 Hz, 25 Hz 31.5 Hz, 63 Hz, 125 Hz and 250 Hz)
and the low or high finger skin temperature (< 29°C and

Fig. 1. Comparison of the mean vibrotactile perception
thresholds (VPT) between the women with warm (> 29°C)
and cold hands (< 29°C)
IJOMEH 2013;26(6)
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Fig. 2. Comparison of the mean vibrotactile perception
thresholds (VPT) between the men with warm (> 29°C)
and cold hands (< 29°C)

skin temperature was also found to be a significant factor having influence on the VPT value, both among males
(F(1, 1002) = 74, p < 0.0001) and females (F(1, 1362) = 16,
p < 0.0001). Interaction between a given subgroup
(subjects with cold or warm hands) and stimulation fre
quency were statistically significant for males (F(5, 1002) = 8,
p < 0.0001) and females (F(5, 1362) = 8.8, p < 0.0001),

indicating that the effect of finger skin temperature on
VPT strongly depended on stimulation frequency.
The mean VPTs were significantly lower among females
with warm hands than among those with cold hands for
vibration frequencies ranging from 25 Hz to 250 Hz (the
paired t-test; p < 0.05). The largest and most significant differences in VPTs could be found at the following frequencies: 63 Hz, 125 Hz, 250 Hz (the paired t-test; p < 0.0001)
(Table 2). There were no between-group differences in
VPT at the frequency of 4 Hz. In the male group, lower
VPTs referred to the subjects with warm hands rather than
to those with cold hands. However, the differences were
not as high as in the female group and were not observed
for all the frequencies under study. The highest VPT differences could be noted at 125 Hz and 250 Hz (the paired
t-test; p < 0.001 and p < 0.0001, respectively). No significant differences were found for the low frequencies
of 4 Hz and 25 Hz as well as for 63 Hz. At high frequencies
of 125 Hz and 250 Hz, the VPT differences between the
female subgroups were almost twice as high as those between the male subgroups.

Table 2. Differences in vibrotactile perception thresholds (VPT) between the subjects with cold and warm hands,
expressed as the function of vibration frequency1
Thresholds (dB re. 10–6 ms–2)
M±SD

Frequency
(Hz)

women

Difference in VPT between the
subjects with cold and warm hands
M (dB)

men

warm hand

cold hand

warm hand

cold hand

women

men

4

85.5±5.7

86.0±5.3

87.1±4.3

88.3±5.0

0.5

1.2

25

105.9±5.9

107.7±5.7

107.1±6.3

107.8±7.7

1.8**

0.7

31.5

107.1±6.1

108.8±5.9

108.1±6.6

109.9±6.9

1.7*

1.9*

63

105.5±6.8

108.3±7.0

108.1±7.1

109.1±7.6

2.9***

1.0

125

104.9±6.3

110.4±7.7

108.3±7.6

111.5±10.0

5.6***

3.3**

250

111.5±6.2

124.0±8.4

113.6±8.1

120.2±10.1

12.5***

6.7***

Statistical significance of the differences between mean values in VPT between the subjects with cold and warm hands
was tested using the paired t-test.
M – mean.
* p < 0.05.
** p < 0.001.
*** p < 0.0001.
1
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The course of the VPT curve plotted for the persons with
low finger skin temperature (“cold hands”) was different
from that for the persons with high skin temperature of the
fingers (“warm hands”). In the female group, more distinct
VPT differences between the subgroups were recorded for
vibration frequencies starting from 63 Hz. As regards the
subgroup with warm hands, no VPT differences were noted
for vibration frequencies of 125 Hz and 63 Hz (Tukey test;
p = 0.9201). In the subgroup with cold hands, VPT was significantly higher for the vibration frequency of 125 Hz than
for that of 63 Hz (Tukey test; p = 0.018).
The male subgroup of the subjects with warm hands presented no significant VPT differences for the frequency
range of 25–125 Hz, with the plateau covering 4 frequencies: 25 Hz, 31.5 Hz, 63 Hz and 125 Hz (Tukey test;
p > 0.6). Among the subjects with cold hands, the plateau
covered only 3 frequencies: 25 Hz, 31.5 Hz and 63 Hz;
however, at 125 Hz, the VPT value slightly increased as
compared to that noted at 63 Hz (Tukey test; p = 0.067).
The observed gender-related difference in the course of
the VPT curve may be due to the fact that the mean finger
skin temperature in the female subjects with cold hands
was lower by 2°C than in the respective male subgroup.
Furthermore, the group of male subjects was generally
older than the female group (Table 1).

DISCUSSION
The studies regarding the influence of finger skin temperature on VPT are based on 2 models of peripheral thermoregulation:
–– a short-term maintenance of the skin temperature by
cooling or warming hands under experimental con
ditions;
–– natural individual differentiation of the skin temperature of the fingers.
The first model addresses the problem of how the changes
in external physical environment, in this case temperature,
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can affect the perception of vibration stimulus. The other
model is used to investigate the possible influence that
finger skin temperature, associated with systemic neurophysiological processes, can have on VPT. The so far
conducted studies have focused mostly on a quantitative
assessment of changes in VPT due to the cooling or warming of hands. Literature data indicate that when the finger
skin temperature decreases within the range from 32°C
to 20°C [13], the VPT mediated by Pacinian corpuscles increases from 5 dB to 7 dB at vibration frequency of 125 Hz,
and up to 12 dB at 250 Hz.
However, further hands warming to the temperatures
higher than 33°C produce a slight (ca. 2–3 dB) but significant increase in VPT as compared to normal levels
[14–17]. One can thus assume that a short-term overheating of hands may lead to the impaired perception of the
vibration stimulus.
The opinions vary with respect to the level of finger skin
temperature that could be used as a reference value for
VPT determination. So far, no value has been proposed
for boundary temperature that would derive from assessment of the impact of individual finger skin temperature
on VPT. Referring to the findings published by Verrillo
and Bolanowski [13] and by Green [15], Lundström et al.
postulate that “A skin temperature lower than 28°C should
be avoided” [18]. In both studies, the subjects had their
finger skin temperature raised or lowered by heating or
cooling their hands. Klinenberg et al. considering the experimental findings for changes in finger skin temperature, presumed that the “finger skin temperature should
be maintained above 29°C during the measurement” [19].
In VPT assessments for workers exposed to hand-arm vibration, diverse finger skin temperatures (28–33°C) were
achieved, mainly by warming hands in water bath or using
heat lamps [20,21].
When assessing the impact of finger skin temperature on
VPT, one should consider the 3 following types of peripheral thermoregulation in an individual [22]:
IJOMEH 2013;26(6)
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–– homoiotherm, when the finger skin temperature ranges
from 27°C to 34°C (mean: 31°C);
–– poikilotherm, for low levels of finger skin temperature
(18–27°C);
–– amphitherm, being a combination of the 2 other types,
with alternating variation of finger skin temperatures
characteristic for homoiothermics and poikilothermics.
In this study we recognized that low finger skin temperature is more common among young women than among
young men. The proportion of the young male subjects
with cold hands did not correspond to the proportion
of the respective young female subjects. This was so,
even though each group of the subjects classified for the
study within the age range of up to 35 years comprised
over 60 subjects.
The present study results have also supported the finding
(Table 1). Of the total 190 male subjects, no one presented
as a low mean finger skin temperature as the one in the female group (both populations were of a similar size: male
(N = 190) and female (N = 200), and had a similar male
to female ratio in each age group).
In the male group, the difference in VPT for the subjects
with cold and warm hands amounted to 1 dB at 6 Hz for
the mean difference in finger skin temperature of 3.7°C.
Therefore, this difference was too low to produce a statistically significant difference in VPT at 63 Hz. Among the
females, the mean difference in finger skin temperature
between the 2 groups was higher and approximated 5.6°C.
This higher value had an impact on VPT at 63 Hz and
produced a difference of 2.9 dB between the 2 groups. It
would be interesting to find what the limit value of the
difference in finger skin temperature at 63 Hz that would
induce a significant effect on VPT should be. As revealed
by the studies conducted by Bolanowski et al. [23] and Gescheider et al. [24] there is no evident boundary between
vibration perception by the Meissner corpuscles or the Pacinian corpuscles. Accordingly, it is only at the frequency
of 125 Hz that induces the highest perception sensitivity of
936
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the Pacinian corpuscles, that the influence of finger skin
temperature on VPT can be clearly seen.
In accordance with the ISO 13091-1 standard, in VPT
studies, the finger skin temperature of the subjects should
vary between 27°C and 35°C. In other words, these requirements apply only to the subjects with homoiotherm
peripheral thermoregulation [6]. It seems that the ISO
standard adopts 27°C as the lower limit value for finger
skin temperature and, therefore, it does not provide any
guidelines regarding persons with lower levels of this parameter.
The few studies on VPT that have been conducted so far,
have not revealed any significant influence of finger skin
temperature on VPT. Whitehouse et al. report negative
but not statistically significant correlations between finger
skin temperatures and VPTs determined at the frequencies ranging from 8 to 250 Hz in 14 male subjects with
the mean finger skin temperature of 32.8°C (range: 24.7–
35.5°C) [25]. Likewise, Maurissen and Chrzan did not obtain significant findings in their studies on VPTs measured
at 150 Hz in 29 women with finger skin temperature ranging from 23.6°C to 35.3°C (mean: 34°C) [26]. Researchers
investigating the possible influence of skin temperature
on VPT among healthy subjects should consider a number
of individual characteristics such as age, gender and BMI,
that can affect the study results [27–29].
The presence of 2 different individual features in a given
study group may bring about a diverse impact on VPT.
One of the factors may increase VPT in some subjects,
e.g. age-related impairment in perception, and other factor may decrease VPT in other subjects, e.g. improved
vibration perception with temperature increase. Thus, it
may happen that young people with cold hands will have
higher VPTs than older people with warm hands. Therefore, in our comparative studies, we have distinguished
pairs of subjects who differed only with respect to finger
skin temperature, which led to elimination of the other
modifiers, i.e. age, gender, and BMI.
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The results of our studies do not support the findings of
other authors who claim that at stimulation frequencies of
less than 200 Hz, the VPTs for FAII receptors are not significantly dependent on skin temperature [30]. We found
that among the subjects with low mean skin temperature
of 25.4°C, the influence of this parameter on VPT at stimulation frequencies of 125 Hz and 250 Hz was of the same
order of magnitude as in the experimental studies with the
subjects having their finger skin temperature changed by
warming or cooling within the range of 20–30°C.
It should be stressed that the experimental studies aimed
at defining the range of changes in vibration perception
by particular mechanoreceptors mainly as a result of local
variations in finger skin temperature. However, in medical
diagnostics, the dysfunction of a given system is often assessed under conditions of pressure and increased effort in
order to check the system efficiency when facing particularly stressful conditions. This refers, for instance, to the assessment of recovery time in peripheral vascular disorders
within upper extremities in a cold provocation test or, to the
determination of blood glucose curve in diabetics. A question then arises: why in pallesthesiometry used for diagnostics of the peripheral nervous system, are the functions
of finger mechanoreceptors locally improved by warming
hands to a predefined temperature level? In workers, low
finger skin temperature may be related to the impact of various occupational hazards on the peripheral cardiovascular
system, e.g. the exposure to hand-arm vibration [31,32].
Therefore, experimental finger skin warming up may blur
or distort the testing results in workers examined for the
function of the peripheral nervous system. It would be
necessary to define testing conditions based on microclimatic parameters of the testing facilities and on the
expected period of adaptation to these conditions. Such
an approach would be more reasonable than the models
based on short-term maintenance of skin temperature that
does not always comply with the actual individual characteristics and health condition of the examined person.
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CONCLUSIONS
When assessing the VPT and determining its reference
values the type of individual peripheral thermoregulation should be taken into account. Future studies on VPT
should address the problem of a short-term warming of
hands in people with peripheral nervous system dysfunctions and its evidence-based justification for use.
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