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Objectives The purpose of this study was to investigate whether two devices for measuring vibrotactile 
perception thresholds produced similar results on an individual basis and to compare the thresholds in the 
presence or absence of senso~ineural hand symptoms and vibration exposure. 
Methods Vibrotactile perception thresholds were measured with a vibrameter and a tactilometer in 178 men. 
The tactilometer uses seven discrete frequencies from 8 to 500 Hz, and the vibrameter uses one frequency 
(100 Hz). Agreement was assessed from the correlations and from a comparison of subjects who had thresholds 
above the upper quartile of each device as to the presence of sensorineural hand symptoms and occupational 
vibration exposure. 
Results The correlation between the vibrameter and the tactilometer (125 Hz) was 0.59. The agreement 
between the vibrameter and the tactilometer (63 Hz), when the upper quartile was used as a limit, had a 
sensitivity of 0.56 and a specificity of 0.85. The sensitivity and specificity for the agreement with symptoms 
were 0.44 and 0.79, respectively, for the tactilometer and 0.40 and 0.78, respectively, for the vibrameter. The 
indices combined from the different frequencies of the tactilometer did not improve the agreement. 
C O ~ C ~ U S ~ O ~ S  Some of the discrepancy between the measurement of the vibrameter and tactilometer can be 
explained by differences in the equipment, the measurement procedures, and the examiner, combined with high 
inter- and intraindividual variability. Neither of the two devices was superior when the results were compared as 
to the occurrence of hand symptoms and vibration exposure. As evaluated in this study vibrotactile perception 
threshold has a restricted value for screening and diagnostic purposes on an individual basis. 
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Vibrotactile perception thresholds (VPT) are becoming 
increasingly popular as a diagnostic tool for the early 
detection of vibration-induced neuropathy (1-4).  They 
have also been suggested as a possible method for the 
sensorineural disturbance staging proposed at the 1986 
Stockholm Workshop (5). VPT can be determined by 
several different devices, such as the Somedic vibrame- 
ter (Stockholm, Sweden), the Briiel & Kjaer vibrometer 
(Naerum, Denmark), the VibroMedic tactilometer 
(Malmo, Sweden), the biothesiometer of Biomedical 
Instruments (Newbury, Ohio, United States), the Vibra- 
ton IIa of Physitemp (Clifton, New Jersey, United States) 
and the Optaconm of Telesensory Systems (Palo Alto, 
California, United States). The devices have differences 
that are known to influence the threshold, such as the 
frequency of vibration, the diameter of the vibrating 

probe, the method of assessing the threshold, and the 
contact force between the probe and the finger (6, 7). 
The thresholds are also influenced by individual factors 
such as age, thickness of the skin, and skin temperature 
(6, 8, 9). It is not known, however, if two devices can 
produce a similar classification between normal and ab- 
normal vibrotactile perception in spite of the differences. 
This study concerned VPT measurements determined by 
two devices, the Somedic vibrameter, which measures at 
a single frequency (100 Hz), and the Briiel & Kjaer 
tactilometer, which produces a tactilogram consisting of 
thresholds at seven discrete frequencies from 8 to 500 Hz. 
The objective was to compare the vibrotactile perception 
thresholds determined by the two devices and to com- 
pare the thresholds with the presence of sensorineural 
hand symptoms and occupational vibration exposure. 
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Subjects and methods 

Subjects 
The study comprised 178 men employed as engineering 
workers and office workers at a heavy engineering pro- 
duction workshop in Sweden (table 1). The participants 
spent around 2 h answering a questionnaire, doing dif- 
ferent functional tests and being interviewed and exam- 
ined by a physician following a prewritten protocol. The 
questionnaire contained questions about basic informa- 
tion such as age, work assignments, general state of 
health, years at work, and so forth. It also contained the 
following inquiry about symptoms of sensorineural dis- 
turbances in the hands: "Do you currently have the fol- 
lowing symptoms: nocturnal numbness in hands or fin- 
gers, trouble with dropping things easily, difficulties but- 
toning?" 

The answers were given on a four-grade scale (no, 
insignificant, some, rather a lot) for the right and left 
hands separately. In the analysis, the subjects who had 
marked the alternatives "some" or "rather a lot" for any 
of the three symptoms were classified as having sen- 
sorineural hand symptoms. 

Employment history was established from the 
employment lists at the workplace, from the results of 
the questionnaire, and, in some cases, from an interview 
about previous occupations and workplaces. If a subject 
had ever worked in a profession in which the use of 
vibrating handheld tools were involved, he was classi- 
fied as exposed. Work with vibrating handheld tools 
during spare time was not taken into consideration. 

Apparatus and experimental procedure 
The minimum occupational vibration-free time before 
the measurements was at least 15 h. An exposure-free 
time of several hours has been recommended for the 
study of chronic effects (10). After finishing one of the 
functional tests, the subject continued to another that was 
not in use at that moment. The order of the two VPT 
procedures was therefore not specified. The time be- 
tween the two VPT procedures was approximately 
30 min. 

The VPT measurements were conducted bilaterally 
on the pulp of the index finger. Altogether 178 right 
hands and 173 left hands were examined. The five men 
did not participate with the left hand because they had a 
finger missing or there was some physical injury on the 
finger, such as a cut or scar. For both instruments the 
subject sat with the test arm resting on a support. One 
well-experienced examiner for each instrument con- 
ducted the measurements for all the subjects. The skin 
temperature of the finger was checked before the mea- 
surements. If the temperature was below 28°C it was 

Table 1. Age and frequency of symptoms of the group exposed 
to vibration and the group not exposed to vibration. 

increased to at least 28°C by the subject rubbing his 
hands or plunging his hands in warm water. 

The tactilometer produced automatically increasing 
(appearance threshold) and decreasing (disappearance 
threshold) levels of vibration for seven discrete frequen- 
cies (8, 16,31.5,63, 125,250, and 500 Hz) (table 2). The 
subject indicated with the other hand when the vibration 
was perceived by pressing a button on a hand switch. 
When the vibration decreased to a limit where he could 
no longer perceive it, he released the button. The thresh- 
olds reported are the average midpoints between the up- 
per and lower limit of perception, expressed in decibels 
(reference 1 pm . s-~). 

The test frequency for the vibrameter was 100 Hz. 
The examiner manually changed the amplitude of the 
vibration upwards by pressing a button on the apparatus, 
and the subject indicated when he could perceive the 
vibration (appearance threshold) by pressing a button on 
a hand switch. The thsesholds were determined three 
times and an average was used. The vibrameter gave the 
thresholds in micrometers of peak-to-peak displacement. 

Both devices controlled the pressure from the vibra- 
tion exciter on the skin. The tactilometer provided a 
constant static pressure of 3.5 N . cm-*. The vibrameter 
used a pressure of approximately 4.8 N . ~ m - ~  (from the 
weight of the stimulator). Both probes had plane and 
circular surfaces. The probe of the vibrameter and the 
tactilometer had a diameter of 13 and 6 mm, respec- 
tively. 

The methods, apparatus, and experimental procedure 
associated with these measurements has been described 
elsewhere in more detail (4, 11). 

Table 2. Description of the two devices. 
-- 

Characteristic Vibrameter Tactilometer 

Frequency 100 Hz 8, 16, 31.5, 63, 125, 
250,500 Hz 

Probe size 13 mm 0 6 m m 0  
Apparatus set-up Manually held Fixed 
Stimulation Manual Automatic 
Measurement unit Micrometers Decibels (reference 1 pm . s-~) 
Contact force - 4.8 N . cm-2 3.5 N . 
Probe surround None None 

Scand J Work Environ Health 1996, vo122, no 3 205 



Vibrotactile perception threshold determination 

Data analysis 
The thresholds determined by the vibrameter were trans- 
formed to decibels (rel. 1 pm . s-~)  to be comparable with 
the values of the tactilometer. 

The following four ways of combining the seven 
frequencies from the tactilogram have been suggested: 

1. Use of the sensibility index (SI), calculated by divid- 
ing the area beneath the tactilogram (a curve of the 
seven thresholds) by the corresponding area of a ref- 
erence population, both age-adjusted according to a 
suggested reference population (12). 

2. Use of the low-frequency index (LFI), calculated as 
the mean of the measurements at 16 and 3 1.5 Hz, the 
former converted to the level of 31.5 Hz as follows: 

where X= the mean of the whole group and x = the 
individual value. 

3. Use of the high-frequency index (HFI), calculated as 
the mean of the measurements at 63, 125, 250, and 
500 Hz, all converted to the level of 125 Hz as fol- 
lows: 

where X= the mean of the whole group and x = the 
individual value (13). 

4. Use of a simplified version of a grading system (GS) 
(14). Each subject's value was compared with the 
mean and standard deviation of the unexposed. The 
number of standard deviations (0, 1, 2 or 3 SD) by 
which the subject's value exceeded the mean was 
then summed for the seven frequencies, giving a range 
from0 to 21. 

Comparisons were made for the discrete frequencies 
of the tactilometer, as well as for the four combinations. 

Pearson correlations were used to evaluate the linear 
relationship between the vibrameter and tactilometer 
thresholds. It should be noted that the grading system is 
not normally distributed. Using rank correlations (Spear- 
man) for these data did not, however, change the con- 
clusion. Thresholds, indices, and grading values above 
the upper quartile were used as reduced vibrotactile per- 
ception for the purpose of assessing agreement between 
the highest thresholds. Kappa coefficients for agreement 
beyond chance have been given for these comparisons 
(15). 

Results 

The correlations between the vibrameter and the tacti- 
lometer were highest for the frequencies 63 Hz, 125 Hz, 
and the high-frequency index (table 3). The correlations 
between the adjacent frequencies of the tactilometer were 
between 0.80 and 0.89. 

A plot of the differences between the two thresholds 
(tactilometer 125 Hz - vibrameter) and age did not 
show any pattern of larger differences with higher age. 
Neither did a plot of the differences and the mean of the 
two thresholds show a greater variability with a higher 
mean. 

Comparisons were made between the thresholds 
above the upper quartile (table 3). The agreement be- 
tween the vibrameter and the tactilometer (63 Hz), when 
the upper quartile was used as a limit, had a sensitivity of 
0.56 and a specificity of 0.85. These values correspond 
to a kappa value of 0.41 (95% confidence interval 0.26- 
0.57) for agreement beyond chance. The lowest agree- 

Table 3. Correlation coefficients, sensitivity, and specificity between the thresholds above the upper quartile of the vibrameter and the 
discrete frequencies, the high and low frequency indices (HFI and LFI), the sensibility index (SI), and the grading system (GS) of the 
tactiiometer. 

Tactilometer Vibrameter (100 Hz) 

Correlation coefficient Left hand Right hand 

Left hand Right hand Sensitivity Specificity Sensitivity Specificity 

Discrete frequencies (Hz) 
8 0.25 0.21 0.34 0.78 0.36 0.77 
16 0.35 0.31 0.42 0.81 0.43 0.79 
31.5 0.48 0.47 0.47 0.82 0.49 0.82 
63 0.54 0.56 0.56 0.85 0.55 0.84 
125 0.53 0.59 0.51 0.84 0.53 0.83 
250 0.47 0.54 0.49 0.83 0.49 0.82 
500 0.46 0.49 0.49 0.83 0.45 0.80 
Different indices 

SI 0.43 0.44 0.50 0.83 0.47 0.81 
LFI 0.44 0.41 0.49 0.83 0.49 0.82 
HFI 0.53 0.57 0.49 0.83 0.51 0.82 
Grading system 
GS 0.46 0.53 0.50 0.83 0.56 0.84 
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ment was between the vibrameter and 8 Hz for the tacti- 
lometer with a kappa value of 0.12 (95% confidence 
interval -0.04 - 0.28). 

In a scatter plot of the right-hand thresholds (tacti- 
lometer 125 Hz and vibrameter), the subjects who re- 
ported symptoms were distributed over the whole scale 
of thresholds for both instruments (figure 1). All told, 
44% of the 43 subjects reporting sensorineural symp- 
toms of the right hand and 21% of the 135 subjects 
without symptoms had a threshold above the upper quar- 
tile with the tactilometer (63 Hz and HFI). The corre- 
sponding percentages for the vibrameter were 40% for 
the subjects with symptoms and 22% for subjects with- 
out symptoms. These values correspond for to a sen- 
sitivity and specificity of 0.44 and 0.79, respectively, for 
the tactilometer and 0.40 and 0.78, respectively, for the 
vibrameter. The right and left hands showed almost iden- 
tical results. The proportion of vibration-exposed per- 
sons among the subjects who belonged above the upper 
quartile varied between 67% and 89% (figure 2). The 
sensitivity and specificity for classifying the subjects as 
exposed and unexposed was 0.89 and 0.96, respectively, 
for the vibrameter and 0.81 and 0.93, respectively, for 
the tactilometer (63 Hz) for the right hand. 

Discussion 

The correlations between the thresholds from the vi- 
brameter and the tactilometer were, even at the closest 
frequencies (r 5 0.59), not as high as the correlation be- 
tween one frequency of the tactilometer and the next 

Vibrameter 100 Hz 

Figure 1. Scatter plot of right-hand thresholds for the  tactilometer 
(1 25 Hz) and the vibrameter. 

(r 2 0.80). The agreement between thresholds above the 
upper quartile for each device was only slightly higher 
than what would be expected by chance (kappa I 0.41). 
Landis & Koch (15) have characterized kappa values 
below 0.4 for representing poor agreement and values 
between 0.4 and 0.75 for representing fair to good agree- 
ment. 

Other authors have compared results of different de- 
vices and found that the vibrotactile perception thresh- 

Figure 2. Proportion of vibration-exposed persons among the subjects with reduced vibrotactile perception (thresholds above the upper quartile). 
(St = sensibility index, LFI = low frequency index, HFI = high frequency index, GS = grading system) 
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olds vary from one piece of equipment to another (16, 
17). RosBn compared the vibrameter with a sensorineural 
staging based on the tactilometer and found a weak cor- 
relation only (1 8). 

As many influencing factors as possible were stand- 
ardized to obtain comparable results for the two devices. 
The finger temperature was controlled and adjusted be- 
fore each of the measuring procedures, the position of 
the probe on the finger was standardized as exactly as 
possible, and the surroundings (noise or other dis- 
turbances) were identical. There were, however, other 
factors that could have influenced the measurements and 
could therefore be possible explanations for the discrep- 
ancies in the results. 

It has been suggested that vibration perception thresh- 
olds at low (< 5 Hz), medium (< 50 Hz), and high fre- 
quencies (> 50 Hz) are mediated by activity from differ- 
ent types of mechanoreceptors in the skin (19). The vi- 
brameter was therefore not expected to show strong 
agreement with the highest and lowest frequencies of the 
tactilometer. But even at the frequencies closest to 
100 Hz the correlation was markedly low (r I 0.59) when 
compared with correlation coefficients in the range of 
0.80-0.89 between adjacent frequencies of the tacti- 
lometer. 

The tactilometer registered both the appearance and 
disappearance thresholds, and the average midpoint be- 
tween the upper and lower limit of perception was used. 
For the vibrameter only the appearance threshold was 
registered. It is possible to register the disappearance 
threshold as well, but the appearance threshold is the 
most commonly used in practice for the Somedic vi- 
brameter. Analyses were also performed with appear- 
ance thresholds from the tactilometer (ie, an average of 
the upper threshold limit); the agreement was, however, 
approximately the same. 

The experimental procedure of the tactilometer can 
possibly be regarded as more difficult for the subject, 
since the vibration level is increased and decreased sev- 
eral times at each frequency. An advantage of this proce- 
dure is that it is impossible for the subject to guess when 
he is supposed to feel anything if he is eager to produce a 
good and reproducible test result. If a person is guessing, 
he would soon be out of phase, and the test protocol 
would reveal it. The vibrameter does not have this as- 
surance. However, the examiner judged the subjects as 
calm, relaxed, and interested in following the instruc- 
tions given. 

The tactilometer was fixed, and the finger was posi- 
tioned from below with the arm resting on a support. The 
vibrameter was manually held on the finger by the exam- 
iner. It is possible that the vibrameter probe was not kept 
as stable as the tactilometer, even if the pressure was 
kept constant. The effects of an inclination of the probe 
have not been studied but could make the pressure differ 

within the probe area or stimulate a different part of the 
finger than was intended. Such effects probably do not 
have a great impact on the measurements but could ex- 
plain part of the variation. 

The vibrameter used a probe which was 13 mrn in 
diameter, and the tactilometer probe was 6 mm in diame- 
ter. The effect of the contactor size has been studied (7). 
It is possible that two probes which cover different areas 
of the receptors can be one reason for the discrepancies 
in the results. 

Harada concluded that a larger contact force led to 
lower thresholds at 125, 250, and 500 Hz in five male 
subjects between the ages of 23 and 28 years (6). The 
differences between the contact forces of 1 and 3 N 
varied between 2 and 6 dB. The tactilometer used a 
pressure of 3.5 N . ~ m - ~ ,  whereas that of the vibrameter 
was approximately 4.8 N . cm-I. The difference is so 
small that it could not have resulted in large differences 
between the thresholds. 

One examiner for each device conducted the mea- 
surements for all the subjects. It has been shown that 
results can depend on different examiners (20). It is pos- 
sible that this experimental factor can have influenced 
the measurements. 

Several authors have discussed the problems involved 
with a large inter- and intraindividual variability in VPT 
measurements. Aaserud et a1 (21) reported a high inter- 
and intraindividual variation for 12 healthy subjects at 
frequencies of 25,50, 100, and 250 Hz. Fagius & Wahren 
(22) reported a highly significant intraindividual varia- 
tion for 13 healthy subjects and for 27 patients with 
polyneuropathy at 100 Hz. Lofvenberg & Johansson (23) 
showed that 27%, 27%, and 67% of the variance in the 
measurements was explained by the subject factor for the 
frequencies 2, 25, and 200 Hz, respectively, when 
I1 healthy subjects (17-36 years of age) were used. 
Sallt & Verberk (17) reported an intraindividual varia- 
tion of 30-50% for 12 healthy subjects, and Halonen 
(1 1) found a 100% variation for one subject measured on 
20 days, both studies done at 100 Hz. Aatola et a1 (24) 
reported repeatable results but a high interindividual vari- 
ation. 

Test-retest con-elations have been reported by several 
authors to be in the range of 0.71-0.87 (17, 25, 26). 
These results agreed with the correlation between two 
adjacent frequencies of the tactilometer in our study. The 
difference between the results of the two devices can 
probably partly be explained by a large intraindividual 
variation in each of the devices. The physical parameters 
mentioned, such as the size of the probe, probably causes 
mainly systematic differences that should not influence 
the correlations. 

The two devices seemed to have similar relations to 
exposure and sensorineural hand symptoms. The results 
can be compared with the results of Virokannas (13), 
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who showed a sensitivity of 68% (with a constant spe- 
cificity of 90%) when using the high-frequency index to 
discriminate between 77 exposed and 70 unexposed per- 
sons. Eltenvall et a1 (2) reported a sensitivity of 32% and 
a specificity of 92% when discriminating sensorineural 
stages 2 and 3 from stages 0 and 1. Lundborg et a1 (27) 
showed a sensitivity of 83% and a specificity of 46% 
when the outcome of a neurophysiological test was used 
as the standard. These results agree to some extent with 
the results from the present study; however, the percent- 
ages in this study should not be interpreted as real sensi- 
tivities since no confounding was taken into account. 
The exposure categories used in this study should not be 
considered as a gold standard. If perfect agreement is to 
be expected, a more-detailed exposure assessment would 
probably be needed. 

The high interindividual variation in the results makes 
it difficult to set a division point with both high sensi- 
tivity and high specificity for agreement with a standard. 
Different division points have been suggested for the two 
devices, but they have been constructed with different 
restrictions on the specificity. When the number of mea- 
surements above the limit for normal perception is al- 
lowed to vary for the two devices, it is difficult to evalu- 
ate the agreement. In order not to let the division points 
influence the comparisons, the upper quartile was used 
to classify the thresholds as extreme or normal. For fu- 
ture use of the devices, there is a need to find and evalu- 
ate different division points for different purposes (eg, 
screening and diagnosis). 

Some authors have reported high sensitivities with- 
out specifying the specificity (3, 12,28). 

Other authors have shown that mean perception 
thresholds are useful when discriminating between vi- 
bration-exposed and vibration-unexposed groups, as well 
as between groups with and without syinptolns (2, 13, 
18, 29). The use of group means to assess the usefulness 
of the measurements for the purpose of individual diag- 
nosis or screening is questionable, since a few extreme 
measurements in the exposed group can be enough to 
make the means differ significantly. For individual diag- 
nosis or screening a division point has to be specified, 
and both sensitivity and specificity need to be reported. 

The magnitude of agreement between the thresholds, 
exposure, and symptoms agreed with the sensitivities 
and specificities reported by other authors. 

Several authors have concluded that a large interin- 
dividual variability restricts the usefulness to compari- 
sons of groups or as a complement to other diagnostic 
techniques (18, 24, 30). Fagius & Wahren (22) conclud- 
ed that the large intraindividual variation restricts the 
usefulness in longitudinal studies of individual subjects. 

This study supports the conclusion that vibrotactile 
perception thresholds involve a large amount of inter- 
and intraindividual variability that restricts the useful- 

ness for screening and diagnosis on an individual basis. 
They can still be valuable when discriminating between 
groups or as a complement to other diagnostic tech- 
niques. Neither of the two devices was shown to be 
superior in this study when the results were compared 
with the occurrence of symptoms and exposure. 
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Work Environment Fund (91-1 640). 
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