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A new depth-sense esthesiometer

A comparative study on sensitivity
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CHATTERIJEE DS. A new depth-sense esthesiometer: A comparative study on sensitivity. Scand J Work
Environ Health 13 (1987) 323—325. The structure and functions of a depth-sense esthesiometer have been
described. Unlike the prototype designed by Renfrew, the new instrument is so fabricated that the speed
and the directions of its movements, and the pressure applied by the finger, can be constantly controlled.
In addition, it provides an automatic measurement of depth-sense thresholds with greater accuracy. Thirty-
three normal subjects and nine patients were examined with both instruments. With the new esthesio-
meter all normal hands, as expected, showed normal results, but, with the Renfrew instrument, 12 of
these 66 hands (18 %) showed abnormal results. Similarly, on examination of the hands of the nine patients,
the new instrument showed equally improved reliability.
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Decreased tactility has proved to be one of the most
common features (2, 3, 7) of vibration-induced white
finger (VWF). More recently, investigations have
shown that acute impairment of tactile sensibility
caused by vibration exposure is very probably due to
the depression of the excitability of the mechanorecep-
tive afferent units (4).

However, to date, no objective test has been found
to diagnose VWF on an individual basis. Of the clini-
cal tests the measurement of depth-sense thresholds by
the Renfrew esthesiometer (5) has shown statistically
the greatest significant difference between vibration-
exposed and unexposed groups. The present study was
aimed at designing a more reliable and sensitive es-
thesiometer through the introduction of modifications
that would make (i) the pressure applied by the finger
easily regulated, (ii) the speed and direction of the
movements of the instrument constantly controllable,
and (iii) the threshold of depth-sense measurable with
greater ease and accuracy.

Materials and methods

Esthesiometer

Basically the new esthesiometer (figure 1) consists of two
tapered wedges. One is used to create the perception of depth
sense (examining wedge), and the other measures the thresh-
old perceived (indicator wedge).

Each wedge is 100 mm long and shaped like a truncated
inverted letter T, its upper surface having a ridge 2 mm wide.
The ridge is centrally disposed along the length and tapers
from the thickness of 1 mm at one end to zero at the other.
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At the examining end, the wedge is made of plastic, which
is a poor conductor of heat, and at the indicator end it is made
of brass. The two pieces are connected by a brass rod 6 mm
in diameter, 85 mm long and lock-nutted. Thus the two
wedges work in unison.

Across the base, 20 mm in from the examining end of the
wedge, a bridge is constructed to allow the finger to rest on
the ridge. For 230 mm along the base a vertical bridge is fitted
of such dimension as to hold a standard 10-mm dial test
indicator capable of reading to 0.01 mm. At the end of the
indicator wedge a vertical shaft is fitted which enables the
wedges to be moved forward and backward by a precision
direct current motor fixed to the wooden base on which the
instrument is mounted.

The direct current motor incorporates a self-supporting
cylindrical ironless rotor with a very low inertial mass which
gives a fast and smooth response characteristic of output
torque versus speed. An ovoid gearbox [Radio Spares (RS)
stock no 336.264, gear ratio 160 : 1, approximate efficiency
66 %] is attached to the motor.

Figure 1. The new esthesiometer.
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A specially designed servo mounting kit is used to couple
the precision motor/gear box assemblies mechanically to an
RS conductive plastic servo-potentiometer. The whole unit
is supported by a metal frame into which a strain gauge sensor
is inserted. The frame consists of two electric sockets, one
for connecting it to the control box and the other to the digital
peak indicator.

Digital peak indicator

A GSE model 229-D digital peak indicator is used to monitor
the pressure applied by the finger through the strain-gauge
sensor. Itis 15 X 22 x 15 cm in size and weighs 2.5 kg. Its
specifications include a 16.8-V rechargeable 8-h life battery,
external and internal shunt calibration supplied to simulate
engineering units, instrument accuracy of * 0.5 % full scale,
and a temperature range of 0—60°C.

The operating controls of the indicator consist of an
off/battery check/track/memory switch, charge plug, in-
put/output jack, digital panel meter, calibration reset switch,
and adjustable span and zero dial.

Table 1. Case histories of the nine patients with their depth-
sense thresholds as measured by two esthesiometers.

Depth-sense
thresholds (mm)

Patient 2 Condition®
Renfrew New
instrument  instrument
A (52 years)
Right hand CTS — recently
decompressed, almost
symptom-free 0.33 0.25
Left hand Normal 0.09 0.08
B (42 years)
Right hand CTS — decompressed,
symptom-free 0.33 0.15
Left hand Normal 0.33 0.13
C (46 years)
Right hand CTS — decompressed,
symptom-free 0.21 0.04
Left hand Normal 0.21 0.04
D (45 years)
Right hand CTS — decompressed,
symptom-free 0.33 0.20
Left hand CTS — decompressed
symptom-free 0.33 0.20
E (48 years)
Right hand CTS — decompressed,
symptom-free 0.15 0.08
Left hand Normal 0.15 0.08
F (43 years)
Right hand CTS — decompressed,
symptom-free 0.21 0.08
Left hand CTS — untreated
moderate symptoms 0.46 0.35
G (36 years)
Right hand CTS — untreated
moderate symptoms
EMG + 0.21 0.38
Left hand CTS — untreated
severe symptoms
EMG + + 0.21 0.42
H (40 years)
Right hand
[Bilateral Raynaud's
disease (early) 0.73 0.33
Left hand 0.73 0.33
| (43 years)
Right hand
Multiple sclerosis,
only left hand
affected (early) 0.21 0.15
Left hand 0.46 0.27

a Age of patient in parentheses.
b CTS = carpal tunnel syndrome, EMG = electromyography,
+ = early changes, + + = moderate changes.
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Control box

The control box is designed with the following features: (i)
an adjustable speed control dial which is set to move the wedge
at a slow, medium and fast speed, (ii) a direction-switch to
control the movements of the instrument in forward and
backward directions, (iii) a set of three stop/start push but-
ton switches, and (iv) three electric sockets — one for con-
necting it to the esthesiometer, one to the operator’s hand-
held switch, and one to the main.

Subjects

The population for the study was divided into two main
groups. Initially 66 normal hands from 33 male Caucasians
with the mean age of 39.2 (SD 9.3) years were examined. Of
these, five were smokers, and none had a history of neuro-
toxic drug intake or exposure to vibration.

Subsequently nine female subjects of mixed races with the
mean age of 43.9 (SD 4.6) years were tested. Seven of these
patients had a history of carpal tunnel syndrome (treated and
untreated), one of primary Raynaud’s disease, and one of
multiple sclerosis. Among them, four were smokers, five non-
smokers, and none had any history of taking any medica-
tion. Two of the patients with carpal tunnel syndrome
happened to have had electromyographic examinations in the
hospital.

Methods

As a first step, the electric connections between the esthesio-
meter, control box, and digital peak indicator are checked,
along with the calibration of the last-mentioned device. Skin
temperature is recorded with a Jumo-Therm hand-held digi-
tal thermometer. If the hand temperature is low, the study
does not proceed until a satisfactory temperature of above
30°C is established. In the present study the subjects were
assigned in random order to have either the new instrument
or the Renfrew instrument first in the sequence of testing by
both.

The finger to be examined rests comfortably on the bridge
with the terminal phalanx flexed at the distal crease. Each
individual is shown how the tip of the finger midway between
the center of the whorl and fingernail should touch the ridge
without moving it diagonally. The pressure with which the
finger contacts the wedge is maintained at a constant force
equivalent to 1 pound (0.45 kg), as shown in the digital display
with a light-emitting dial.

Next, the speed-control dial is set at the desired speed of
1 mm/s, the direction switch is moved to the right for forward
movement, and the starter button is activated. When the sub-
ject indicates that the ridge has been felt, the hand-held switch
is pushed by the examiner to stop the movement of the in-
strument, and the ridge height is read from the dial test indi-
cator.

The direction switch is then moved to the left for reverse
movement, and the operation is followed as before. The whole
procedure is repeated until the dial test indicator registers the
same reading at least twice for both forward and backward
directions. The final figure thus obtained is recorded as the
depth-sense threshold for the individual concerned.

The measurements were made for the index (2nd) and the
ring (4th) fingers of both hands. As suggested by Renfrew,
the cut-off point between the normal and abnormal thresh-
olds was taken as 0.25 mm. The testing procedure and the
number of replications were the same for the Renfrew instru-
ment. The subjects were ‘‘blind’” with respect to the aim of
the study, and to avoid the examiner’s bias the Renfrew in-
strument had reference numbers instead of facilities for the
direct measurement of depth sense.



Results

Repeated examinations showed that for normal sub-
jects there was no significant differences between the
fingers or between the hands. As a result, the thresh-
olds of depth sense measured by each instrument are
expressed as a mean composite value. The threshold
obtained by the new instrument was significantly lower
(mean 0.09, SD 0.05) than that determined by
Renfrew’s instrument (mean 0.18, SD 0.09). When
measured by the latter, 12 out of 66 normal hands
(18 %) had abnormal results (thresholds > 0.25 mm),
but with the new instrument, all thresholds were within
the normal range. The chi-square test confirmed that
the difference between the sensitivities of the two
esthesiometers was statistically highly significant (3
13.2, df 1, P < 0.01).

Table 1 shows the case histories of the nine exam-
ined patients suffering from various neurovascular con-
ditions. When tested with the Renfrew esthesiometer,
six out of seven hands completely symptom-free for
a significant period following surgical decompression
of the carpal tunnel showed higher thresholds, four
being frankly abnormal.

In comparison, with the new instrument, the values
were all normal. Of the three untreated hands with car-
pal tunnel syndrome, only one showed abnormal
thresholds with Renfrew’s instrument, but all three had
abnormal results with the new instrument, good cor-
relation being shown in the two cases with electro-
myographic changes.

Similarly, in comparison with the new instrument,
the Renfrew instrument showed thresholds that were
too high for an early case of bilateral Raynaud’s dis-
ease and a case of multiple sclerosis.

Discussion

The modifications made in the new instrument meet
the objectives described in the Introduction. A similar
study has been carried out by Carlson and his col-
leagues (1). They devised an esthesiometer in which the
finger can be passively held at a fixed position and pres-
sure. However, the speed and the direction of its move-
ment could not be controlled as with the instrument
presented in this report, the latter, in addition, showing
a more accurate method of measuring depth sense. So
far as sensitivity is concerned, the new esthesiometer
seems to compare favorably with the instrument
devised by Carlson et al (1).

Sivayoganathan and his co-authors (6) attempted to
modify the Renfrew esthesiometer by controlling the
finger pressure. From three groups of subjects, they
showed that their instrument could differentiate

between a group of industrial workers with stage 2 and
3 VWF (N = 16), a reference group of industrial
workers of similar age (N = 10), and a group of
students (N = 25). In spite of this claim, as the study
did not include any cases with lower stages of VWF,
the cut-off point between the normal and abnormal
thresholds remained indecisive.

In addition, the threshold observed for normal in-
dustrial workers seemed higher (0.29 mm) in compar-
ison with that of the new instrument. If the mean plus
two standard deviations obtained from testing 66
normal hands with the new instrument (0.19 mm) was
employed as a cut-off point between the normal and
abnormal hands, the results would be even more
encouraging. According to this criterion only two (one
subject) out of 66 normal hands would show abnor-
mal thresholds with the new instrument but 28 with
the Renfrew instrument. In conclusion, it can be stated
that the new esthesiometer appears to show improved
correlation for depth-sense thresholds of normal and
abnormal hands.

However, whether it is useful for the objective diag-
nosis of VWF can only be validated by further studies,
especially on subjects exposed to vibration.
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