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Abstract
Aims/hypothesis We aimed to define normal ranges for
vibration sense as measured by vibratory perception thresh-
olds (VPTs) using biothesiometry.
Methods We performed biothesiometry in a community-
dwelling sample of 901 people aged 55 to 85 years who did
not have diabetes. We quantitated the variation between
repeat measures using analysis of variance and Bland–
Altman plots. We also plotted the age- and sex-specific
reference ranges.
Results We found small but statistically significant differ-
ences between repeat measures using the ascending and
descending method of limits. Statistically higher vibration
thresholds were noted on the right arm and leg compared
with the left. Significantly higher vibration thresholds were
also seen in men vs women for both lower limbs. We also
defined sex-specific reference intervals (normal ranges) for
biothesiometry for older persons and quantitated the
increase in vibration threshold with increasing age.
Conclusions/interpretation For reliability, it may be suffi-
cient to obtain the average of two ascending measures
separated by at least 1 min in just the right hand or right
foot, since this is usually the one with the higher threshold.
Although identical reference ranges can be used for men
and women for the upper limb, there are significant
differences in the lower limbs. The major determinant of

VPT is age: we have established age-specific norms for
VPT testing for adults between 55 and 85 years of age.
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Introduction

Peripheral neuropathy occurs as a complication of diabetes,
a component of several common and many rare diseases,
and also as an adverse health outcome from exposure to
various chemical substances or physical factors in the
workplace [1–3]. The population prevalence of peripheral
neuropathy has been reported to be approximately 2.4%,
rising with age to 8% [4]. Most peripheral neuropathies are
chronic and usually develop over several months [5].

Peripheral neuropathy is one of the least well-understood
complications of diabetes, with an estimated prevalence of
13.1% in patients with known diabetes and 7.1% in newly
diagnosed diabetic patients [6]. The most common form of
peripheral neuropathy in diabetes is the distal symmetric
polyneuropathy often described as the stocking-glove
neuropathy, affecting first the longest nerves and then
progressing proximally [7]. While sensory, motor and
autonomic functions may be affected, it is the loss of
sensory signals that poses the greatest threat to the limb [7].
Risk factors associated with neuropathy include poor
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glycaemic control, insulin use, duration of diabetes, age,
alcoholism and height [6, 8].

Various methods have been used to assess peripheral
neuropathy including physical assessment, quantitative
vibration perception testing and electrophysiological eval-
uation. Physical assessment can be performed quickly but is
non-quantitative, of unknown reliability and requires a
highly skilled assessor. Electrophysical methods, which are
used to test the largest myelinated sensory and motor fibres,
are quantitative and reliable, but require sophisticated
equipment, skilled technicians and are time-consuming [9,
10]. Quantitative vibration perception testing, on the other
hand, can be done relatively quickly using inexpensive
equipment by an assessor with minimal training [10, 11].
Vibration is sensed by activation of the Meissner and
Pacinian corpuscles, these signals being also conducted by
the same large myelinated sensory fibres tested by electro-
physical methods. The time taken to conduct vibratory
perception threshold (VPT) measurements is considered to
be relatively fast. However, the uptake of VPT for clinical
use and in research studies has been affected by various
factors. These include lack of understanding of the
variability in VPT measurements, clinical and demographic
factors affecting VPT, and the lack of clear reference ranges
for the variety of instruments used in VPT. It is worth
noting that neither electrophysical nor VPT methods
measure the slow-conducting, unmyelinated or thinly
myelinated fibres that conduct thermal sensation. These
can be tested using quantitative sensory testing for
temperature.

In this study, VPTs were obtained at multiple sites across
upper and lower limbs and on the right and left sides. Our
aims were: (1) to assess the intra-individual variability of
VPTs within each site and across sites, comparing right and
left sides for bilateral upper and lower limb sites tested; (2)
to compare variability between upper and lower limbs; and
(3) to assess whether variability in VPT changes with sex
and advancing age.

Methods

Participants and study protocol Data for this study come
from Phase I of the Hunter Community Study (HCS), a
cohort of community-dwelling men and women aged 55 to
85 years in Newcastle, NSW, Australia. Participants were
randomly selected from the NSW State Electoral roll and
contacted between mid-December 2004 and June 2005. A
modified Dillman [12] recruiting strategy was used,
whereby two letters of introduction and an invitation to
participate were posted to the selected persons. Persons
who did not respond to initial postal contacts were
telephoned by an HCS research assistant. If contact was

not established after five attempts, the individual was
classified as a non-responder. Persons who could not speak
English were deemed ineligible.

Once consent to participate was obtained from eligible
study participants, they were asked to complete a series of
self-report postal questionnaires containing details on
demographics, morbidity, complementary and alternative
medicines and medication use, health professional utilisa-
tion, a food-frequency questionnaire, as well as the
following: Short Form 36 [13], Physical Activity Scale for
the Elderly [14, 15], Kessler Psychological Distress scale
(K 10) [16, 17], Centre for Epidemiological Studies
Depression scale [18, 19], Memory Complaint Question-
naire [20], Duke Social Support Index [21, 22] and
Australian Quality of Life—Mark 2 [23].

Participants were then invited to attend the HCS data
collection centre to enable a series of clinical measurements
to be ascertained. Consent to linkage to data from the
Health Insurance Commission (Medicare and Pharmaceuti-
cal Benefit Scheme) and local health databases was also
sought at this time. The clinical measurements assessed
were: blood pressure, height, weight, waist circumference,
peripheral vibration sensory testing, mini-mental status
examination, spirometry, olfaction, hearing, vision, func-
tional reach, grip strength, mobility and routine blood
values (including cholesterol and fasting blood glucose
level, but not HbA1c). Participants were also asked to wear
a pedometer and keep a 7 day diary of step counts.

Of 2253 potential participants approached after random
selection from the electoral roll, 1071 (48%) agreed to
participate, for 901 of whom (40%) data were collected and
completed. Comparisons between responders and non-
responders demonstrated no statistical significant difference
for sex (men 46.1% vs women 46.9%). However, a
difference was demonstrated for age, in that responders
were slightly younger than non-responders (mean 66.3 [SD
7.8] years vs 68.6 [SD 8.4] years, p<0.001). The HCS
participants provide a population profile approximately
reflecting that of the Hunter (NSW, Australia) [24], state
[24] and national [25] Australian profiles. Specifically,
there were no statistically significant differences between
the HCS and the Hunter, state and national profiles in terms
of sex distribution, but the HCS participants were slightly
younger than the Hunter (p<0.001), state (p=0.02) and
national (p=0.002) profiles.

This research was conducted as part of the HCS, which
has been approved by the University of Newcastle Human
Research Ethics Committees.

Measurement of peripheral neuropathy The biothesiometer
(50–60 Hz; Model PVD-LP; Bio-Medical Instrument
Company, Newbury, OH, USA) is a clinically validated
method of rapid screening, early detection and longitudinal
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evaluation of persons at risk of sensory dysfunction
associated with disease and occupational injury, and has
been used in other studies of diabetes and peripheral
neuropathy [26]. It is a rheostat attached to a vibrating
probe; as the voltage is increased, the amplitude of the
vibration also increases.

Participants were asked to remove their shoes, socks or
stockings and lie in a supine position with knees bent so
that their feet were flat on the bed. The probe was held at
90° to the skin with constant pressure. Three sites of each
lower limb were used: hallux distal interphalangeal (big
toe), medial malleolus (ankle) and medial tibial plateau
(knee). One trial run with the biothesiometer was initially
conducted at a site other than those mentioned above, most
commonly the shoulder, in order to demonstrate to the
participant the expected sensation. The testing protocols
began on the right leg and right arm, respectively. If a VPT
of ≤50 V was recorded at the first site (e.g. hallux distal
interphalangeal), no further lower limb sites were tested.

The method of limits was applied, whereby the voltage was
slowly increased from 0 V at a rate of 1 V/s to each limb
consecutively. VPT was the recorded voltage at the moment
the participant indicated that he or she first felt the vibration
(first ascending reading). The voltage was then increased to 10
V above the first recorded VPT and then slowly reduced till
the vibration was no longer felt (second descending record-
ing) on first limb. The method was then applied to record the
first two measurements on the other limb. The final VPT
measurement (third ascending reading) was then recorded on
the first limb by ascending voltage. The testing was then
completed on the other limb. The method of limits was then
applied to upper limbs with joints of the middle finger, distal
interphalangeal (fingertip), metacarpophalangeal (knuckle),
radial styloid (wrist) and olecranon (elbow). The hand was
rested on a rice-filled pillow. If a VPTof ≤50 V was felt at the
first joint (e.g. distal interphalangeal), no further upper limb
sites were tested. The participant was supine throughout the
testing procedure and could not see the biothesiometer
controls. Testing was done in an air-conditioned room at 22
to 24°C.

Statistical analyses Repeated measures analysis of variance
was used to test for differences between repeated VPT
measurements (two ascending and one descending). If this
was positive, associated pairwise comparisons between
ascending and descending distal measurements were made
using paired t tests, with adjustment for multiple compar-
isons. Paired t tests were also used to test for differences
between the left and right distal VPT measurements. Linear
regression lines, with 95% CIs, were used to demonstrate
the relationship between the distal measurements and age.
Pearson’s correlation coefficient was used to measure the
association between right and left limb measurements.

Bland–Altman plots were used to assess variability, with
the average of the three readings on the x-axis and the
difference between two measurements of interest on the
y-axis. All statistical analyses were conducted using Stata
version 9 (StataCorp LP, College Station, TX, USA).

Results

Participant characteristics Phase I of the HCS contained
information on 901 participants. Participants with self-
report of diabetes or taking diabetic medications (n=105),
stroke (n=35) and/or heart disease (n=112) (not mutually
exclusive groups) were excluded, leaving 662 participants.
The average age of the remaining participants was 66.1
(SD=7.6) years and 56.0% were women.

Lower limb results Table 1 shows the mean (SD) of the
distal leg measurements. There were 589 participants with a
distal leg measurement. These findings are reported
separately for the left and right limbs, by age group. For
both limbs separately, there were statistically significant
differences in the total means between: (1) the first
ascending measurement and the descending measurement
(p<0.001); (2) the first ascending measurement and the
second ascending measurement (p<0.001); and (3) the
descending measurement and the second ascending mea-
surement (p<0.001). For both limbs, the mean of the first
ascending measurement was the highest value, followed by
the second ascending measurement, then the descending
measurement. A Bland–Altman plot (Fig. 1) confirmed the
significant but clinically small difference between the first
ascending and descending readings in the lower limb; this
difference remained constant throughout the entire range of
values, as did the spread of values.

In comparing the total means between the left and right
limbs, there were statistically significant differences be-
tween the first ascending measurements (p=0.04) and the
descending measurements (p=0.01), but no statistically
significant difference between the first and second ascend-
ing measurements (p=0.14). In all three comparisons
between the left and right limbs, the right limb had the
highest mean values. Note that only six participants had
ankle and knee measurements; these were not analysed.

Figure 2 shows the relationship between the distal leg
measurements and age, separately for both sexes. There
was a statistically significant linear relationship between
distal leg measurements and age, for both men (p<0.001)
and women (p<0.001), with voltage increasing with age.
As seen from the linear regression lines and their cor-
responding 95% CIs, there was a statistically significant
difference in voltage between men and women from the age
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of about 60 years with this difference between the sexes
increasing with age.

Upper limb results Table 2 shows the mean (SD) of the
distal arm measurements. There were 604 participants with a
distal arm measurement. These values are reported separate-
ly for the left and right limbs, by age group. For both limbs
separately, there were statistically significant differences in
the total means between: (1) the first ascending measurement
and the descending measurement (p<0.001); (2) the first
ascending measurement and the second ascending mea-
surement (p<0.001); and (3) the descending measurement

and the second ascending measurement (p<0.001). For
both limbs, the mean of the first descending measurement
was the highest value, followed by the second ascending
measurement, then the descending measurement. In com-
paring the total means between the left and right limbs,
there were statistically significant differences between the
first ascending measurements (p<0.001), the descending
measurements (p<0.001) and the second ascending mea-
surements (p<0.001). In all three comparisons between the
left and right limbs, the right limb had the highest mean
values. Note that only one participant had a metacarpal
measurement and no participants had wrist measurements;

Fig. 1 Bland–Altman plot
comparing the difference
in measurements (first
minus second ascending
measurements, right toe) against
the average in measurements
(all three measurements, right toe).
Continuous line, mean; dashed
lines, 95% CIs

Table 1 Distal measurements summary for left and right leg, stratified by participants aged ≤70 years and those aged >70 years

Distal measurement ≤70 years >70 years Total

Right leg
Ascending 1 16.1 (7.6) 21.9 (10.9) 17.8 (9.3)
Descending 1 15.0 (7.6) 20.2 (11.0) 16.5 (9.3)
Ascending 2 15.2 (7.5) 20.9 (10.9) 16.8 (9.2)
Average, all three 15.4 (7.4) 21.0 (10.6) 17.0 (9.1)
Average, ascending 15.6 (7.4) 21.4 (10.7) 17.3 (9.1)
Average, ascending 1 and descending 1 15.6 (7.5) 21.0 (10.7) 17.1 (9.1)
Left leg
Ascending 1 15.9 (8.0) 21.3 (10.9) 17.2 (9.3)
Descending 1 14.7 (7.8) 19.5 (10.8) 15.9 (9.0)
Ascending 2 15.2 (7.8) 20.3 (10.8) 16.5 (9.2)
Average, all three 15.3 (7.7) 20.3 (10.6) 16.5 (9.0)
Average, ascending 15.6 (7.8) 20.8 (10.6) 16.9 (9.0)
Average, ascending 1 and descending 1 15.3 (7.8) 20.3 (10.7) 16.5 (9.0)
Average, left and right legs
Ascending 1 16.0 (7.3) 21.4 (9.9) 17.5 (8.6)
Descending 1 14.9 (7.2) 19.7 (10.0) 16.2 (8.6)
Ascending 2 15.2 (7.2) 20.5 (10.0) 16.6 (8.8)
All six measurements 15.3 (7.1) 20.5 (9.8) 16.7 (8.4)

Values are mean (SD)
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the metacarpal measurement was not analysed. A Bland–
Altman plot confirmed these findings (data not shown).

The relationship between the distal arm measurements
and age, separately for both sexes, is shown in Fig. 3. There
was a statistically significant linear relationship between
distal arm measurements and age, for men (p<0.001) and
women (p<0.001), with voltage increasing with age.
However, there was no statistically significant difference
in voltage between men and women.

Variability between left and right limb measurements There
was a very high correlation between left and right limb distal
measurements for finger (r=0.79) and toe (r=0.76), with
only a few outliers. Bland–Altman plots of the difference
between right and left readings for the lower limb indicate
that the values for the right side tend to be higher than for
the left side; this trend increases as the average voltage
increases, as does the spread of the values (Fig. 4). This
pattern was similar for the upper limb (data not shown).

Fig. 2 Scatterplot of distal mea-
surement (toes) against age
(years), with indicators for sex
(women, crosses; men, circles)
and corresponding linear regres-
sion lines (women, continuous
lines; men, dashed lines; in-
cluding 95% CIs). Linear re-
gression equations: women,
voltage=−1.328+(0.242×age);
men, voltage=−19.764+
(0.605×age)

Table 2 Distal measurements summary for left and right arm, stratified by participants aged ≤70 years and those aged >70 years

Distal measurement ≤70 years >70 years Total

Right arm
Ascending 1 8.6 (2.4) 10.3 (4.2) 9.1 (3.4)
Descending 1 7.7 (2.4) 9.2 (4.2) 8.1 (3.2)
Ascending 2 7.9 (2.3) 9.6 (4.8) 8.4 (3.5)
Average, all three 8.0 (2.2) 9.7 (4.3) 8.6 (3.2)
Average, ascending 8.2 (2.2) 10.0 (4.4) 8.8 (3.3)
Average, ascending 1 and descending 1 8.1 (2.3) 9.7 (4.1) 8.6 (3.2)
Left arm
Ascending 1 8.1 (2.1) 9.8 (4.1) 8.7 (3.4)
Descending 1 7.3 (2.2) 8.6 (3.9) 7.8 (3.3)
Ascending 2 7.6 (2.1) 9.3 (4.6) 8.2 (3.6)
Average, all three 7.7 (2.0) 9.2 (4.0) 8.2 (3.3)
Average, ascending 7.8 (2.0) 9.5 (4.2) 8.5 (3.4)
Average, ascending 1 and descending 1 7.7 (2.1) 9.2 (3.9) 8.3 (3.2)
Average, left and right arms
Ascending 1 8.4 (2.1) 9.9 (3.6) 8.9 (3.1)
Descending 1 7.5 (2.1) 8.8 (3.5) 7.9 (2.9)
Ascending 2 7.7 (2.0) 9.4 (4.3) 8.3 (3.3)
All six measurements 7.9 (2.0) 9.4 (3.7) 8.4 (3.0)

Values are mean (SD)
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Discussion

In this study we tested a randomly selected cohort of older
community-dwelling Australian adults. By excluding peo-
ple with a self-reported diagnosis of diabetes, stroke and
heart disease (heart attack and angina), we were able to
examine a cohort of persons without confounding neuro-
logical disease [27]. Previous reference ranges have been
published for a variety of populations, e.g. whites [28],
Japanese [29] and Chinese [30], but these are difficult to
compare due to the difference in instruments and the
different units used for the reference ranges, e.g. micro-
metres, decibels, hertz.

Measurements of vibration perception thresholds using
the biothesiometer are by nature psychophysical in that
cooperation from the participant is required. While the
sensory stimulus is an objective physical occurrence, the
response represents the subjective report from the partici-
pant [27]. VPT measurements rely on participants having
an understanding of the tests, concentrating while the test is
being conducted and reporting vibration sensation or
extinction as they occur. Variability can exist across the
study sample in individuals’ ability to concentrate or
feeling tired at the time of the test [31]. Variability may
also be affected by the thickness or rough texture of the
skin at the site being tested and by the temperature of the
limbs [31]. Dorsal surfaces of the toes and fingers were
used, which are less prone to calloused skin. While the
room temperature was relatively constant during measure-
ments, the temperature of the participants’ limbs may have
varied. However, other studies have found that vibration
thresholds for lower frequencies (biothesiometer 50–60 Hz)
are influenced only a little by temperature variations within
the normal skin temperature [32].

Previous investigations of variability have arrived at
varying conclusions. Some studies found good intra-
observer reliability, but poorer inter-observer reliability
[33], with coefficients of variation up to 45% [34]. Other
studies found good reproducibility [35] and good validity
between centres [36]; this probably relates to good stan-
dardisation and adherence to testing protocols.

In our study, statistically significant differences were
observed across the means for each reading with the highest
reading recorded for the first ascending, followed by the
second ascending and finally the descending reading. This
was consistent for both lower and upper limb site testing. It
is not unusual for the descending vibration perception
reading to be lower than the ascending readings. The VPT
recorded for the descending test is generally less distinct
and the participant may occasionally find it difficult to
determine when the vibration sensation has in fact
disappeared [37]. Pacinian corpuscles have been identified
as the receptors responsible for the transduction of vibratory
energy [38], with increasing pressure of the vibrating
stimuli resulting in an increase of the frequency discharge
from Pacinian corpuscles [38]. Pacinian corpuscles can be
susceptible to an adaptation effect whereby increasing
vibration pressure results in increased radiation of the
vibratory stimuli and excitation of the deeper receptors. To
counter this effect, a rest period of at least 1 min between
the second and third readings was adopted in the protocol.
Other studies have found that a criterion shift can also
occur, resulting in lower subsequent readings related
perhaps to a learning response to the test [10]. VPT
measurements were consistently higher for the right limbs
and this might reflect the fact that the study protocol
initiated the vibration measures on the right foot and right
hand, respectively.

Fig. 3 Scatterplot of distal mea-
surement (fingers) against age
(years), with indicators for sex
(women: crosses; men: circles)
and corresponding linear regres-
sion lines (women: continuous
lines; men: dashed lines; includ-
ing 95% CIs). Linear regression
equations: women, voltage=
2.037+(0.092×age); men, volt-
age=2.810+(0.086×age)
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Previously published literature documents the effect of age
[10, 37] and height [10, 28] on VPT measurements. For men
and women we found statistically significant linear associ-
ations between the distal leg and distal arm VPT measure-
ments (average of six readings across limbs) and age, with
VPT increasing with age. No such association was found for
height in this study (results not presented). Interestingly,
from approximately 60 years of age, a statistically signifi-
cant difference in VPT measures for the lower limb was
observed between men and women, with men having
significantly higher readings. While VPT measures in-
creased linearly with age for distal arm sites, no statistically
significant difference between men and women was ob-
served with increasing age. Our results are consistent with
previous studies that show ageing to be associated with a
decline in vibration perception, with deterioration less
marked in the hand than in the foot [35, 39].

When comparing adults of ≤70 years with adults >70
years, the mean VPTs of all three measurements for both
the toe and the finger were consistently higher for the older
group. The variances as depicted by the standard deviation
score were also slightly higher. This finding is supported by
Thomson et al., who suggested VPT to be unreliable in the
elderly due to the high variability in scores observed [40].

Conclusions This study provided an opportunity to de-
scribe the vibration perception threshold experience of
older community-dwelling adults. While we were unable to
exclude from the analyses participants who may have
experienced a work-related exposure linked to peripheral
nerve impairment, we did exclude participants with
diseases such as diabetes (based on self-report and
medication history), stroke and heart disease, all of which
are known to be associated with underlying peripheral
neurological impairment. It is, however, possible that some

participants with early, undiagnosed diabetes were included
in the sample, although this number is probably small.

Our results indicate that in clinical and research use, it may
be sufficient to get the average of two ascending measures
separated by at least 1 min in just the right hand or right foot,
since these are usually the sites with the higher threshold.
Although identical reference ranges can be used between men
and women for the upper limb, there are significant differ-
ences in the lower limbs. The major determinant of VPT is
age, and we were able to establish age-specific norms for VPT
testing for adults aged 55 to 85 years.

Duality of interest The authors declare that there is no duality of
interest associated with this manuscript.

References

1. Filley CM, Kleinschmidt-DeMasters BK (2001) Toxic leukoen-
cephalopathy. N Engl J Med 345:425–432

2. Nasterlack M, Dietz MC, Frank KH et al (1999) A multidisci-
plinary cross-sectional study on solvent-related health effects in
painters compared with construction workers. Int Arch Occup
Environ Health 72:205–214

3. Broadwell DK, Darcey DJ, Hudnell HK, Otto DA, Boyes WK
(1995)Work-site clinical and neurobehavioral assessment of solvent-
exposed microelectronics workers. Am J Ind Med 27:677–698

4. Martyn CN, Hughes RA (1997) Epidemiology of peripheral
neuropathy. J Neurol Neurosurg Psychiatry 62:310–318

5. Hughes RA (2002) Systematic reviews of treatment for inflam-
matory demyelinating neuropathy. J Anat 200:331–339

6. Tapp RJ, Shaw JE, de Courten MP, Dunstan DW, Welborn TA,
Zimmet PZ, AusDiab Study Group (2003) Foot complications in
Type 2 diabetes: an Australian population-based study. Diabetic
Med 20:105–113

7. Mayfield JA, Sugarman JR (2000) The use of the Semmes–
Weinstein monofilament and other threshold tests for preventing
foot ulceration and amputation in persons with diabetes. J Fam
Pract 49(11 Suppl):S17–S29

Fig. 4 Bland–Altman plot com-
paring the difference in measure-
ments (right minus left toe, first
ascending measurements) against
the average in measurements (all
three measurements, right toe).
Continuous line, mean; dashed
lines, 95% CIs

Diabetologia (2007) 50:2305–2312 2311



8. Adler AI, Boyko EJ, Ahroni JH, Stensel V, Forsberg RC, Smith
DG (1997) Risk factors for diabetic peripheral sensory neuropa-
thy. Results of the Seattle prospective diabetic foot study. Diabetes
Care 20:1162–1167

9. Moody L, Arezzo J, Otto D (1986) Screening occupational
populations for asymptomatic or early peripheral neuropathy.
J Occup Med 28:975–986

10. Gerr F, Hershman D, Letz R (1990) Vibrotactile threshold
measurement for detecting neurotoxicity: reliability and determi-
nation of age- and height-standardized normative values. Arch
Environ Health 45:148–154

11. Pham H, Armstrong DG, Harvey C, Harkless LB, Giurini JM,
Veves A (2000) Screening techniques to identify people at high
risk for diabetic foot ulceration: a prospective multicenter trial.
Diabetes Care 23:606–611

12. Dillman DA (1978). Mail and telephone surveys: the total design
method. Wiley, New York

13. Ware JE, Sherbourne CD (1992) The MOS 36-item short form
health survey (SF-36): I. Conceptual framework and item
selection. Med Care 30:473–483

14. Washburn RA, Smith KW, Jette AM et al (1993) The physical
activity scale for the elderly (PASE): Development and evaluation.
J Clin Epidemiol 46:153–162

15. Washburn RA, McAuley E, Katula J et al (1999) The physical
activity scale for the elderly (PASE); Evidence for validity. J Clin
Epidemiol 52:643–651

16. Kessler R, Mroczek D (1994) Final version of our non-specific
psychological distress scale [memo dated 10 March 1994]. Survey
Research Center of the Institute for Social Research, University of
Michigan, Ann Arbor. Available at: http://www.abs.gov.au/AUS
STATS/abs@.nsf/ProductsbyCatalogue/B9ADE45ED60E0A1C
CA256D2D0000A288?OpenDocument, accessed 7 August 2007

17. Andrews G, Slade T (2001) Interpreting scores on the Kessler
psychological distress scale (K10). Aust N Z J Public Health
25:494–497

18. Radloff LS (1977) The CES-D scale: a self-report depression scale for
research in the general population. Appl Psychol Meas 1:385–401

19. Weissman MM, Sholomskas D, Pottenger M et al (1977)
Assessing depressive symptoms in five psychiatric populations:
a validation study. Am J Epidemiol 106:203–214

20. Crook TH, Feher EP, Larrabee GJ (1992) Assessment of memory
complaint in age-associated memory impairment: the MAC-Q. Int
Psychogeriatr 4:165–175

21. Koenig HG, Westlund R, George LK et al (1993) Abbreviating
the Duke social support index for use in chronically ill elderly
individuals. Psychosomatics 34:61–69

22. Goodger B, Byles J, Higginbotham N et al (1999) Assessment of
a short scale to measure social support among older people. Aust
N Z J Public Health 23:260–265

23. Richardson J, Atherton Day N, Peacock S, Iezzi A (2004)
Measurement of the quality of life for economic evaluation and
the assessment of quality of life (AQoL) Mark 2 Instrument. Aust
Econ Rev 37:62–88

24. Australian Bureau of Statistics (ABS) (2001) Population census,
2001. http://www.abs.gov.au/census, accessed 21 May 2007

25. Australian Bureau of Statistics (ABS) (2005) Population by age
and sex, 2005. http://www.abs.gov.au/census, accessed 21 May
2007

26. Davis EA, Jones TW, Walsh P, Byrne GC (1997) The use of
biothesiometry to detect neuropathy in children and adolescents
with IDDM. Diabetes Care 20:1448–1453

27. Shy ME, Frohman EM, So YT et al (2003) Quantitative sensory
testing: report of the therapeutics and technology assessment
subcommittee of the American Academy of Neurology. Neurology
60:898–904

28. Bartlett G, Stewart JD, Tamblyn R, Abrahamowicz M (1998)
Normal distributions of thermal and vibration sensory thresholds.
Muscle Nerve 21:367–374

29. Inami K, Chiba K, Toyama Y (2005) Determination of reference
intervals for vibratory perception thresholds of the lower
extremities in normal subjects. J Orthop Sci 10:291–297

30. Hwu CM, Chang HY, Chen JY, Wang SL, Ho LT, Pan WH (2002)
Quantitative vibration perception thresholds in normal and
diabetic Chinese: influence of age, height and body mass index.
Neuroepidemiology 21:271–278

31. Aaserud O, Juntunen J, Matikainen E (1990) Vibration sensitivity
thresholds: methodological considerations. Acta Neurol Scand
82:277–283

32. Halonen P (1986) Quantitative vibration perception thresholds in
healthy subjects of working age. Eur J Appl Physiol Occup
Physiol 54:647–655

33. Peters EW, Bienfait HM, de Visser M, de Haan RJ (2003) The
reliability of assessment of vibration sense. Acta Neurol Scand
107:293–298

34. Gelber DA, Pfeifer MA, Broadstone VL et al (1995) Components
of variance for vibratory and thermal threshold testing in normal
and diabetic subjects. J Diabetes Complications 9:170–176

35. de Neeling JN, Beks PJ, Bertelsmann FW, Heine RJ, Bouter LM
(1994) Sensory thresholds in older adults: reproducibility and
reference values. Muscle Nerve 17:454–461

36. Lindsell CJ, Griffin MJ (2003) Normative vibrotactile thresholds
measured at five European test centres. Int Arch Occup Environ
Health 76:517–528

37. Goldberg JM, Lindblom U (1979) Standardised method of
determining vibratory perception thresholds for diagnosis and
screening in neurological investigation. J Neurol Neurosurg
Psychiatry 42:793–803

38. Vedel JP, Roll JP (1982) Response to pressure and vibration of
slowly adapting cutaneous mechanoreceptors in the human foot.
Neurosci Lett 34:289–294

39. Wiles PG, Pearce SM, Rice PJ, Mitchell JM (1990) Reduced
vibration perception in right hands of normal subjects: an acquired
abnormality? Br J Ind Med 47:715–716

40. Thomson FJ, Masson EA, Boulton AJ (1992) Quantitative
vibration perception testing in elderly people: an assessment of
variability. Age Ageing 21:171–174

2312 Diabetologia (2007) 50:2305–2312

http://www.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyCatalogue/B9ADE45ED60E0A1CCA256D2D0000A288?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyCatalogue/B9ADE45ED60E0A1CCA256D2D0000A288?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyCatalogue/B9ADE45ED60E0A1CCA256D2D0000A288?OpenDocument
http://www.abs.gov.au/census
http://www.abs.gov.au/census

	Vibrotactile...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


