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ABSTRACT: In chronic diffuse upper limb pain physical abnor-
malities are usually absent. The aims of our study were to
investigate: (1) the function of somatosensory pathways and (2)
the influence of mood on vibration perception. Measurements
were made of: (i) vibrotactile perception thresholds (VPTs) and
nerve conduction in working women with (n ¼ 35) and without
(n ¼ 65) chronic diffuse upper limb pain, and (ii) perceived
stress and energy using a two-dimensional mood adjective
checklist. The groups did not differ in any nerve conduction
measurements. Women with chronic pain had raised VPTs in
the radial and ulnar nerve areas, but not in the median nerve
area. Neither perceived stress nor energy appeared to influence
the VPT. Increases of VPTs in chronic diffuse upper limb pain
may be due to peripheral nerve affliction, but our findings sup-
port the idea that they may also be secondary to pain and may
be related to a central nervous mechanism.
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Although chronic diffuse upper limb pain is com-
mon, its etiology is sometimes uncertain. The
symptoms that are sometimes considered to be
work-related include varying degrees of pain, weak-
ness, and numbness/tingling. Chronic diffuse
upper limb pain may be due to minor nerve
entrapments, but a standard physical examination
is unlikely to demonstrate abnormality.

Patients and computer users with nonspecific
arm pain have been reported to have raised vibro-
tactile perception thresholds (VPTs) in the hand
within the areas of the median and ulnar nerves.1–3

In addition, office workers who experience neck
pain have also recently been reported to have raised
VPTs in the hand within the area of the radial
nerve.4 Decreased vibration sensitivity can be an
early sign of peripheral neuropathy, but VPTs
depend on the integrity of the entire somatosensory
pathway (peripheral mechanoreceptors, peripheral
large myelinated sensory nerves, central nervous sys-
tem, CNS5). Laursen et al.6 and Tucker et al.7

found raised VPTs in the contralateral limb in
patients with upper limb disorders, indicating altera-
tions in the CNS. The vibration threshold test is psy-
chophysical in nature, since it has an objective phys-
ical stimulus but a subjective response from the

tested subject. Thus, in contrast to nerve conduc-
tion measurements (testing peripheral large myelin-
ated nerve fibers), the vibration threshold test
requires cooperation from the subject and is
affected by attention, concentration, and motiva-
tion. Changes in VPTs may therefore be due to
altered mood. A literature search in PubMed
revealed no publication on this issue. To our knowl-
edge, these factors have not been studied
previously.

The aim of this study was to investigate the
function of the somatosensory pathways using
vibration threshold testing and nerve conduction
measurements in the upper extremity in working
women with and without chronic diffuse upper
limb pain. We were also interested in examining
whether mood influences the result of vibration
threshold testing, and so prior to the vibration
threshold test, perceived stress and energy were
assessed using a two-dimensional mood adjective
checklist.

SUBJECTS AND METHODS

Subjects. The study was approved by the human
ethics committee at the University of Gothenburg.
Female subjects were invited to participate in the
investigation by means of advertisements posted
on personnel notice boards. The invitation
referred to working women with and without
chronic upper limb pain. The rationale for choos-
ing women was that they are at a greater risk for
chronic upper limb pain.8–10 The subjects worked
as secretaries or nurses in different healthcare
facilities in the southwest of Sweden and were also
part of a study on computer keyboard work.11 The
inclusion criteria were thus: female gender, work-
ing as a secretary or nurse, with or without chronic
pain in upper limb of the dominant hand. The
exclusion criteria were disease or medical treat-
ment with possible effect on peripheral nerves.

A total of 127 female participants entered the
study. In all, 51 had chronic pain for more than 3
months, and 76 were normally pain-free. Six partic-
ipants had pain elsewhere in the body such as
lower back, leg, knee, and the nondominant arm/
hand, and these six were excluded. Five were

Abbreviations: EMG, electromyography; SCV, sensory conduction veloc-
ity; VAS, visual analog scale; VPT, vibrotactile perception threshold

Correspondence to: H. Sandén; e-mail: helena.sanden@amm.gu.se

VC 2010 Wiley Periodicals, Inc.
Published online 17 June 2010 in Wiley InterScience (www.interscience.
wiley.com). DOI 10.1002/mus.21697

Key words: chronic pain, upper limb, vibrotactile perception threshold,
mood, nerve conduction

Pain, Mood, and Vibrotactile Perception MUSCLE & NERVE September 2010 401



excluded because of disorders predisposing to
upper-limb conditions and nerve affliction (multi-
ple sclerosis, diabetes, rheumatoid arthritis, non-
Hodgkin’s lymphoma, vitamin B12 deficiency). Five
subjects with symptoms of carpal tunnel syndrome
were excluded after the nerve conduction measure-
ments [sensory latency from palm to wrist (third
finger stimulation) greater than 1.73 ms at a dis-
tance of 60 mm]. One subject was excluded, as she
was diagnosed with polyneuropathy after the nerve
conduction test. Ten were excluded from the anal-
ysis because of missing data. The final study popu-
lation thus included 35 individuals with chronic
diffuse upper limb pain, age 30–65 (median 46)
years and 65 individuals without chronic pain, age
24–57 (median 42) years. The medications being
taken by the participants with chronic pain
included nonnarcotic analgesics (2), antidepres-
sants (1), antihistamines (1), bronchodilators (1),
thyroid hormones (1), diuretics (1), and hypolipi-
demic agents (2). Medications being taken by the
controls included antidepressants (1), hormonal
contraceptives (6), thyroid hormones (2), angio-
tensin receptor blockers (1), and sumatriptan (1).
Hence, two participants were on long-term treat-
ment with antidepressants due to recurring depres-
sion; at the time of the examination there were no
clinical signs of ongoing depression.

Methods. A flow chart of the study is presented in
Figure 1. Each participant completed a question-
naire on symptoms in the upper extremity and
chronic pain for more than 3 months. Average
pain intensity during the last month was measured
using a 10 cm visual analog scale (VAS) and the
subjects with chronic upper limb pain were then
divided into two subgroups with a cutpoint
between mild and moderate/severe pain.12 The
subjects underwent a brief clinical examination by
a physician after and in most cases on the same
day as the vibration threshold testing. It was occa-
sionally not possible to perform the clinical exami-
nation on the same day, and in these cases the
medical examination took place within the same
week. In connection with the medical examination,
ongoing pain intensity was measured using the
VAS.

Physical Examination. The physical examination of
neck and upper limbs (shoulder, elbow, wrist,
hand, finger) included the following steps: (1)
inspection; (2) testing for range of active and pas-
sive motion; (3) testing for muscle contraction,
pain, and muscle strength; (4) palpation of muscle
tendons, insertions, and joints; (5) bedside neuro-
logic examination, including muscle stretch
reflexes (biceps, triceps, brachioradialis, achilles),
sensory exam in hand/fingers evaluating different

kinds of sensation, including light touch (cotton
wool), two-point-discrimination and temperature
(a tuning fork at room temperature should be per-
ceived as cold on the digital pulp of index and
fifth fingers); (6) specific tests; Spurling test (neck
compression test), cervical spine Laségue test
(extending the plexus by axial compression of the
acromion with simultaneous lateral flexion of the
subjects’s cervical spine towards the contralateral
side), Roos’ test (abduction external rotation test),
bursa test for shoulder bursitis, pronator compres-
sion test, palpation at the arcade of Frohse, Mauds-
ley’s test (middle finger extension test), Finkel-
stein’s test, Phalen’s test (wrist compression test),
and Tinel’s test. A detailed list of the physical ex-
amination and details concerning tests are avail-
able at our homepage (www.amm.se/vptstudy).
Further details concerning some of these tests can
also be found in Nilsson.13

Mood Ratings. Perceived stress and energy were
assessed using a two-dimensional mood adjective
checklist, the Stress-Energy (SE) Question-
naire.14,15 This questionnaire has been used in sev-
eral Swedish studies of occupational stress.16–19 It
is an adjective checklist that is designed to be used
for describing mood during work. This checklist
was used just before the vibration testing on a
Monday morning. Twelve adjectives represent two
fundamental dimensions; stress and energy. The

FIGURE 1. Flow chart.
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overall question to be answered by the checklist
was: ‘‘How did you feel over the last 10 minutes?’’
The participants indicated on a six point scale (0–
5) how well each adjective described their state.
The stress dimension used the following adjectives:
‘‘tense,’’ ‘‘stressed,’’ ‘‘pressured,’’ ‘‘relaxed,’’
‘‘rested,’’ and ‘‘calm’’ while the energy dimension
used ‘‘focused,’’ ‘‘energetic,’’ ‘‘active,’’ ‘‘inefficient,’’
‘‘dull,’’ and ‘‘passive.’’ Before analysis the scores for
the negative items (inefficient, dull, passive,
relaxed, rested, and calm) were reversed, with a
score of 5 being mapped to a score 0, a score of 4
to a score of 1, and so on. Stress and energy scores
were calculated as mean ratings of the six items in
each dimension after reversal of the negative
items. Cronbach’s alpha for stress was 0.85 and for
energy 0.69. The neutral points of the scales have
previously been calculated; the neutral point for
the stress scale (neither stressed nor calm) is 2.4
and the neutral point for the energy scale is 2.7.15

Vibration Threshold Test. A handheld vibrometer
(type IV, Somedic AB, Stockholm, Sweden), oper-
ating at a frequency of 120 HZ and a tissue dis-
placement range of 0.1–400 lm, was used to
deliver mechanical stimulation to the hand. The
vibrating probe was 1 cm in diameter, and the am-
plitude of the vibration was displayed digitally. The
validity and reliability of the vibration threshold
test have been established in previous studies.20–22

Readings were taken at five sites on the dominant
hand: (1) the distal pad of the index finger (me-
dian nerve); (2) the distal pad of the 5th finger
(ulnar nerve); (3) the dorsum of the 5th metacar-
pal bone (ulnar nerve); (4) the dorsum of the 2nd
metacarpal bone (radial nerve); and (5) the pal-
mar aspect between the 1st and 2nd metacarpal
bones (median nerve). During the measurements
at the metacarpal bones and at the palmar aspect
between the 1st and 2nd metacarpal bones the
probe was placed perpendicular to the skin sur-
face, and a pressure display enabled the applied
pressure to be standardized to �8 N/cm2. During
the measurements at the fingertips the subject was
asked to place the distal pad of the test finger over
the probe and push down with a force of 0.4 N,
visually controlled by the pressure display, which
had been calibrated with a weight of 41 g.

All vibration threshold examinations were per-
formed by one assistant who was blinded both to
the group of the subjects and to the results of the
preceding examination. The subjects were seated
comfortably and examined in a quiet room with-
out distractions. They could not see the vibrometer
display. The stimulus was increased at a constant
rate until the subject could just detect vibration.
From this threshold the stimulus was then

decreased until the subject could no longer feel
the vibration. This ramping up and down was
repeated four times. The means of four readings
for both detection and loss of vibration stimulation
at each site were calculated, and the average of the
two figures was taken as a measure of VPT.23

The subjects were tested both on a Monday
morning after a weekend off work and on a Mon-
day afternoon after at least 4 hours of working
with either a computer keyboard or in their usual
duties of nursing.

The power of the study to detect a difference
of 0.3 lm (P < 0.05) within the area of the me-
dian nerve was 99%, the corresponding power to
detect a difference of 0.15 lm was 61%. The power
to detect a difference of 0.15 lm within the area
of the ulnar and radial nerves was >99.9%.

Nerve Conduction Test. In order to ensure an
adequate hand temperature and minimize temper-
ature as a source of error,24,25 nerve conduction
testing was preceded by a bicycle ergometer test
which has been shown to stabilize fingertip skin
temperature at around 34�C.26 Skin temperature
was measured at the tip of digit IV. During the
nerve conduction test the subjects were covered by
warm blankets.

Nerve conduction measurements were made on
the dominant hand using an electromyography
(EMG) apparatus (Keypoint Portable, Keypoint
Software v. 3.0, Medtronic NeuroMuscular, Den-
mark). The test was performed by an experienced
EMG technician who was blinded to the results of
all other tests.

The median nerve motor conduction velocity
was determined using surface electrodes for stimu-
lation at the elbow and proximal to the wrist and
for recording over the abductor pollicis brevis mus-
cle. The distance between the recording and stimu-
lation electrodes at the wrist was 7 cm. The F-wave
latency was measured as the shortest latency
obtained with 20 stimuli at the wrist. Sensory con-
duction velocity (SCV) of the median nerve was
determined orthodromically from the second and
third finger to the palm and the wrist, respectively,
using surface electrodes mounted at fixed sites in
a plastic splint held against the skin over the nerve.
The ulnar SCV was measured from the fifth finger
to the wrist using electrodes fixed in a similar
splint as for the median nerve. Sural nerve SCV
was also measured in order to control for non-
symptomatic polyneuropathy.

Statistics. The t-test for comparison between in-
dependent groups was used in the analysis of the
variables in the nerve conduction testing and
mood ratings. The Wilcoxon rank sum test was
used to compare the groups in the analysis of the
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VPTs, as the values were not normally distributed.
In a multivariate analysis, linear regression of the
VPTs was used to model the impact of individual
exposure variables. Paired t-tests were used to com-
pare each individual’s first and second measure-
ments. P-values <0.05 were considered significant.
JMP 7VR was used to perform all the analyses
including power statistics.

RESULTS

Group Characteristics and Mood. The chronic dif-
fuse upper limb pain group, which was signifi-
cantly older than the control group (Table 1),
passed the medical examination without signs of
nervous disease. All subjects had nonspecific arm
and/or neck pain without specific signs of disease
(e.g., tenosynovitis, nerve entrapment, arthrosis).
After analysis of the questionnaire regarding esti-
mated average pain intensity during the last month
(VAS), the chronic diffuse upper limb pain
group—‘‘chronic pain (all)’’—was divided into two
subgroups,12 ‘‘chronic pain (VAS � 5)’’ (n ¼ 12)
and ‘‘chronic pain (VAS < 5)’’ (n ¼ 23).

The control group also passed the medical ex-
amination without signs of nervous system disease
and had no history of pain with long duration in
recent years, and only a few members of this group
reported acute temporary pain in connection with
medical examination and/or vibration threshold
testing. When filling out the questionnaire, a few
reported pain during the preceding month but in
these cases the physician could not confirm any
prolonged periods of pain when talking to the
participant.

The VAS results regarding pain during the
medical examination (on the same day as the
vibration threshold testing) and average pain in-
tensity during the last month are presented in
Table 1. The chronic pain (VAS � 5) group had
significantly higher stress scores than the control
group but the groups did not differ significantly in
mean energy scores (Table 1).

Vibration Threshold Test. Compared to the control
group, VPT was significantly higher among the
chronic pain (all) group, the chronic pain (VAS <
5) group, and the chronic pain (VAS � 5) group

within the area of the radial nerve (P-values: 0.001,
0.012, 0.009, respectively) and within the area of
the ulnar nerve at the metacarpal site (P-values:
0.004, 0.015, 0.045, respectively), but not at the fin-
ger tip (Fig. 2A–C). In the multivariate regression
model analysis, with age, stress, and energy as cova-
riates, the VPT was still significantly higher in the
chronic pain (all) group (Table 2) and the chronic
pain (VAS � 5) group for the radial nerve and at
the metacarpal site for the ulnar nerve, whereas
the chronic pain (VAS < 5) group showed signifi-
cantly higher thresholds only in the radial nerve.
The differences were small. There were no signifi-
cant differences in VPT for the median nerve. The
VPT values were not normally distributed, and so
we also performed a multivariate regression model
analysis with logarithmically transformed vibration
thresholds; the results were similar. For simplicity,
we present only nonlogarithmic values.

The changes in vibrotactile perception thresholds
after 4 h of work were small, went in both directions,
and did not differ significantly between the chronic
pain (all) group and the controls. A paired t-test for
individual VPT (all subjects) between the first and
second test gave mean differences of �0.08lm (SE
0.03, P ¼ 0.02) for the median nerve/distal pad,
0.01 lm (SE 0.03; P ¼ 0.71) for the median nerve/
metacarpal, 0.04 lm (SE 0.05; P ¼ 0.40) for the ul-
nar nerve/distal pad, 0.01 lm (SE 0.01; P ¼ 0.40)
for the ulnar nerve/metacarpal, and �0.00 lm (SE
0.01; P ¼ 0.99) for the radial nerve.

In the multivariate regression model, neither
stress nor energy influenced the VPT; the group
difference in VPT did not change when adjusted
for stress and energy (Table 2). We also dichotom-
ized the variables for stress and energy at the scale
values which represent the neutral point of the re-
spective scale, and there was still no influence on
VPT or change in VPT difference between groups.

Nerve Conduction Test. There was no significant
difference in any parameter of the nerve conduc-
tion test between the chronic pain (all) group and
the controls (Table 3). Specifically, there was no
difference between the two groups in motor or
sensory conduction velocity in the median nerve

Table 1. Group characteristics: age, VAS (estimated average pain last month and ongoing pain in connection with medical examination),
and mood.

Subject group n

Age (years) VAS last month (cm) VAS ongoing (cm) Energy Stress
Median (range) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Controls 65 42 (24–57) 1.2 (1.5) 0.2 (0.7) 3.1 (0.7) 1.4 (0.7)
Chronic pain (VAS < 5) 23 48 (30–65) 2.4 (1.6) 2.5 (2.0) 3.2 (0.5) 1.4 (0.6)
Chronic pain (VAS � 5) 12 42 (32–61) 6.1 (0.9) 2.8 (2.8) 3.2 (0.5) 2.1 (0.7)
Chronic pain (all) 35 46 (30–65) 3.7 (2.3) 2.6 (2.3) 3.2 (0.5) 1.6 (0.7)
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and no difference in sensory conduction velocity
in the ulnar nerve. Furthermore, there was no sig-
nificant difference in any parameter of the nerve
conduction test between the controls and any pain
group, and for simplicity we do not present the fig-
ures for the subgroups. No difference between the
groups was seen after adjustment for age and body
height. Temperature during the examination was
similar in both the chronic pain (all) group (34.9
6 1.0�C) and the control group (34.7 6 1.1�C)
(Table 3), and it remained stable during the whole
measurement period.

DISCUSSION

The main findings in this study were: (1) perceived
stress and energy did not influence the VPT; (2)
there was a small influence of chronic diffuse
upper limb pain on VPTs, with increased thresh-
olds seen in the area of the ulnar and radial nerve
in female workers with normal nerve conduction;
and (3) there was no difference in conduction ve-
locity between the groups.

The findings from the mood adjective list
revealed that the group with chronic diffuse upper
limb pain and VAS � 5 had significantly higher

FIGURE 2. Vibrotactile perception thresholds in the area of the (A) radial, (B) ulnar, and (C) median nerve. Median values (–) are pre-

sented within the 25–75 interquartile box. The whiskers extend to the farthest point that is still within 1.5 interquartile ranges from the

quartiles.

Pain, Mood, and Vibrotactile Perception MUSCLE & NERVE September 2010 405



T
a
b
le

2
.
M
u
lti
va
ria

te
re
g
re
ss
io
n
a
n
a
ly
si
s
o
f
vi
b
ro
ta
c
til
e
p
e
rc
e
p
tio

n
th
re
sh

o
ld
s.

M
e
d
ia
n
n
e
rv
e

U
ln
a
r
n
e
rv
e

R
a
d
ia
l
n
e
rv
e

D
is
ta
l
p
a
d
d
ig

II
P
a
lm

a
r
a
sp

e
c
t
o
f

m
e
ta
c
a
rp
a
l
I-
II

D
is
ta
l
p
a
d
d
ig

V
M
e
ta
c
a
rp
a
l
V

M
e
ta
c
a
rp
a
l
II

b
(9
5
%

C
I)

b
(9
5
%

C
I)

b
(9
5
%

C
I)

b
(9
5
%

C
I)

b
(9
5
%

C
I)

M
o
d
e
l
A

In
te

rc
e
p
t

0
.2
0
4

(�
0
.1
0
9
;
0
.5
1
7
)

0
.2
7
9

(�
0
.1
5
8
;
0
.7
1
6
)

0
.2
1
3

(�
0
.3
0
5
;
0
.7
3
1
)

0
.2
2
7

(0
.0
3
6
;
0
.4
1
9
)

0
.2
7
4

(0
.1
0
7
;
0
.4
4
1
)

C
h
ro

n
ic

p
a
in

(a
ll
)

�0
.0
2
5

(�
0
.1
6
3
;
0
.1
1
3
)

0
.0
5
5

(�
0
.1
3
7
;
0
.2
4
8
)

0
.1
2
4

(�
0
.1
0
5
;
0
.3
5
2
)

0
.0
9
1

(0
.0
0
7
;
0
.1
7
5
)

0
.1
0
6

(0
.0
3
2
;
0
.1
7
9
)

A
g
e

0
.0
1
1

(0
.0
0
4
;
0
.0
1
8
)

0
.0
1
6

(0
.0
0
6
;
0
.0
2
6
)

0
.0
1
6

(0
.0
0
3
;
0
.0
2
8
)

0
.0
0
6

(0
.0
0
2
;
0
.0
1
1
)

0
.0
0
4

(0
.0
0
1
;
0
.0
0
8
)

R
2

0
.0
8
9

0
.1
0
7

0
.0
9
0

0
.1
4
8

0
.1
5
2

P
ro

b
>
F

0
.0
1
2

0
.0
0
4

0
.0
1
0

<
0
.0
0
1

<
0
.0
0
1

M
o
d
e
l
B

In
te

rc
e
p
t

0
.2
0
2

(�
0
.2
4
7
;
0
.6
5
1
)

0
.3
6
3

(�
0
.2
6
5
;
0
.9
9
2
)

0
.0
4
2

(�
0
.7
0
2
;
0
.7
8
5
)

0
.2
2
0

(�
0
.0
5
5
;
0
.4
9
5
)

0
.2
6
2

(0
.0
2
3
;
0
.5
0
1
)

C
h
ro

n
ic

p
a
in

(a
ll
)

�0
.0
1
5

(�
0
.1
5
6
;
0
.1
2
5
)

0
.0
5
9

(�
0
.1
3
9
;
0
.2
5
6
)

0
.1
1
0

(�
0
.1
2
3
;
0
.3
4
3
)

0
.0
9
1

(0
.0
0
4
;
0
.1
7
7
)

0
.1
1
2

(0
.0
3
7
;
0
.1
8
7
)

A
g
e

0
.0
1
1

(0
.0
0
4
;
0
.0
1
8
)

0
.0
1
6

(0
.0
0
6
;
0
.0
2
6
)

0
.0
1
6

(0
.0
0
3
;
0
.0
2
8
)

0
.0
0
6

(0
.0
0
2
;
0
.0
1
1
)

0
.0
0
4

(0
.0
0
0
5
;
0
.0
0
8
)

S
tr
e
s
s

�0
.0
4
0

(�
0
.1
3
2
;
0
.0
5
2
)

�0
.0
0
9

(�
0
.1
3
8
;
0
.1
2
0
)

0
.0
5
0

(�
0
.1
0
3
;
0
.2
0
3
)

0
.0
0
2

(�
0
.0
5
5
;
0
.0
5
9
)

�0
.0
2
7

(�
0
.0
7
6
;
0
.0
2
2
)

E
n
e
rg

y
0
.0
2
0

(�
0
.0
7
9
;
0
.1
1
9
)

�0
.0
2
3

(�
0
.1
6
2
;
0
.1
1
6
)

0
.0
3
1

(�
0
.1
3
3
;
0
.1
9
6
)

0
.0
0
2

(�
0
.0
5
9
;
0
.0
6
2
)

0
.0
1
6

(�
0
.0
3
6
;
0
.0
6
9
)

R
2

0
.0
9
6

0
.1
0
8

0
.0
9
6

0
.1
4
8

0
.1
6
5

P
ro

b
>
F

0
.0
4
6

0
.0
2
7

0
.0
4
5

0
.0
0
4

0
.0
0
2

C
o
va
ri
a
te
s,

P
-v
a
lu
e
s,

a
n
d
9
5
%

C
I
a
re

g
iv
e
n
.

In
m
o
d
e
l
A
,
c
h
ro
n
ic

p
a
in

a
n
d
a
g
e
w
e
re

e
xp

la
n
a
to
ry

fa
c
to
rs

(V
P
T
¼

b
0
þ

b
1
x
c
h
ro
n
ic

p
a
in

þ
b
2
x
a
g
e
).
In

m
o
d
e
l
B
,
c
h
ro
n
ic

p
a
in
,
a
g
e
,
st
re
ss
,
a
n
d
e
n
e
rg
y
w
e
re

e
xp

la
n
a
to
ry

fa
c
to
rs

(V
P
T
¼

b 0
þ

b 1
x
c
h
ro
n
ic

p
a
in

þ
b 2

x
a
g
e
þ

b 3
x
st
re
ss

þ
b
4
x
e
n
e
rg
y)
.

406 Pain, Mood, and Vibrotactile Perception MUSCLE & NERVE September 2010



stress scores compared to the control group. There
was no significant difference in energy between
groups. Neither perceived stress nor perceived
energy appeared to influence the VPT in our study
groups. It is not clear whether perceived stress and
energy influence the subject’s attention, concentra-
tion, and/or motivation during vibration threshold
testing. The vibration threshold test is a psychophys-
ical test, and our study does not support the theory
that the increased VPT in subjects with chronic
pain is due to mood. To our knowledge, there has
been no previous clinical study on the influence of
mood in vibration threshold measurements.

The findings regarding VPT are partly in line
with earlier studies that showed increased VPT
within the areas of the ulnar and median nerves,
but not the radial nerve, in patients with nonspe-
cific arm pain.1–3 On the other hand, Johnston
et al.4 found increased VPT not only within median
and ulnar areas but also in the radial nerve area in
office workers who experienced neck pain with and
without arm pain, and Tucker et al.7 found ele-
vated VPT within the areas of all three nerves in
patients with diffuse upper limb pain disorder.

The mean differences in VPT between the
chronic pain (VAS � 5) group and the controls in
our study were small: 0.61 versus 0.46 lm for the
radial nerve and 0.64 versus 0.49 lm for the ulnar
nerve/metacarpal. In the radial nerve area the nu-
merical difference in VPT between the chronic
pain (VAS � 5) group and the control group was
approximately the same as that reported by John-

ston et al.4 and approximately one-third of that
reported by Tucker et al.7 The corresponding dif-
ference for the metacarpal bone within the area of
ulnar nerve was approximately the same as those
reported by Greening et al.1,2 and Johnston et al.4

and approximately half of those reported by Jen-
sen et al.3 and Tucker et al.7 The difference
between our chronic pain (all) group and the con-
trols was smaller than the difference between the
chronic pain (VAS � 5) group and the controls,
and the difference was even smaller after adjust-
ment for age in the multivariate linear regression
model. Thus, in our study, chronic moderate and
severe pain had a greater influence on VPTs than
did chronic mild pain.

The minor discrepancies between the studies
mentioned above and our study might be related
to differences in upper extremity disorders. Since
the participants in our study were still working
(not on sick leave) and were not referred by other
physicians, their ongoing pain may have been less
intense or of different etiology. Another possibility
would be differences in methodology. In order to
increase accuracy and reproducibility in the vibra-
tion threshold testing, the examinations in our
study were performed by a single trained assistant
who was blinded both to the group of the subjects
and to the results of the preceding examination.
The subjects were seated comfortably and exam-
ined in a quiet room without distractions. It is
unclear whether the conditions were similar in the
aforementioned studies. There was a small

Table 3. Nerve conduction test.

Chronic pain (all) Controls
95% CI group
difference

t-test
P-valueMean SD Mean SD

Motor examination
Median Nerve
Velocity (m/s) 57.4 2.9 57.3 2.9 �1.3; 1.2 0.94
Amplitude (elbow) (mV) 10.1 2.4 9.6 2.9 �1.6; 0.6 0.39
Amplitude (wrist) /mV) 10.5 2.4 10.1 3.0 �1.5; 0.8 0.52
Distal latency (ms) 3.3 0.3 3.4 0.3 �0.1; 0.2 0.53
F-latency (ms) 21.7 1.2 21.7 1.2 �0.5; 0.5 0.98

Sensory examination
Distal latency
Palm-wrist, dig II (median nerve) (ms) 1.2 0.6 1.3 0.2 �0.1; 0.3 0.50
Palm-wrist, dig III (median nerve) (ms) 1.3 0.2 1.3 0.1 �0.1; 0.1 0.73
Finger-wrist, digV (ulnar nerve) (ms) 2.2 0.1 2.2 0.2 �0.1; 0.1 0.75

Velocity
Finger-wrist, dig II (median nerve) (m/s) 51.3 4.4 51.8 3.3 �1.2; 2.3 0.51
Finger-wrist, dig III (median nerve) (m/s) 49.2 4.0 49.2 3.0 �1.6; 1.6 0.96
Finger-wrist, dig V (ulnar nerve) (m/s) 56.1 3.1 55.9 3.7 �1.6; 1.2 0.82
Suralis nerve(m/s) 52.3 4.6 51.1 4.8 �3.3; 0.9 0.25

Temperature
Fingerpad, dig IV ( �C)

(during sensory examination dig III)
34.9 1.0 34.7 1.1 �0.6; 0.3 0.51

No significant difference in any parameter of the nerve conduction testing between chronic pain(all) group and controls.
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decrease in VPT between the first and second test
at the distal pad within the area of the median
nerve. The index finger was the first finger to be
measured in the vibration threshold test and we
hypothesize that the decrease could be due to a
learning effect.

Among a group of computer users with symp-
toms in the hand and forearm, Jensen et al.3

found indications of entrapment of median and ul-
nar nerves that could not be explained by a gen-
eral increase in perception threshold, since no dif-
ference among groups was found at the recording
site representing the radial nerve. In the present
study, all nerve conduction velocities and hand
temperatures were similar in the chronic pain (all)
and the control groups, and therefore the
increased VPTs in the chronic pain (all) group are
unlikely to have been related to dysfunction or
entrapment of large myelinated peripheral nerve
fibers at the wrist.

However, one must bear in mind that only the
fastest of the large myelinated fibers, and thus a
limited proportion of the whole nerve fiber popu-
lation, are examined in nerve conduction studies.
Consequently, it is theoretically conceivable that a
subgroup of myelinated fibers may be afflicted in
spite of normal nerve conduction. Fiber types
other than large myelinated fibers such as small
myelinated and unmyelinated fibers may also be
involved in chronic diffuse upper limb pain. The
function of the smaller fibers that convey sensa-
tions of pain and temperature can be assessed by
measurements of the psychophysical thresholds of
those sensations.

Greening and Lynn1 suggested that increased
VPT could be ascribed to computer work. How-
ever, in our study this possibility is not likely, as a
previous study we conducted of the same partici-
pants revealed no difference in VPTs or nerve con-
duction between the secretaries, who used the
computer intensively, and the nurses, who seldom
used the computer.11

In office workers who experienced neck pain
with and without arm pain, Johnston et al.4 found
increased VPT within the areas of the median, ul-
nar, and radial nerves. This is compatible with pe-
ripheral nerve dysfunction at a proximal (e.g.,
brachial plexus) level and/or altered sensory
processing due to central inhibition. Laursen
et al.6 found raised vibration thresholds in the
contralateral limb in patients with upper limb dis-
orders, supporting the theory of central nervous
alteration. Tucker et al.7 found global elevation
of VPTs in subjects with carpal tunnel syndrome
or upper limb disorders, and concluded that this
is consistent with a physiological inhibitory mech-
anism, common to both conditions, which

appears to be related to CNS perception of
chronic pain rather than a specific peripheral
pathology.

Based on the results of our study and those of
the previous studies mentioned above, we find it
reasonable to propose that pain may lead to a
global increase of upper limb VPTs. This does not
exclude the possibility that pain sometimes is due
to a peripheral nerve affliction but rather that cen-
tral and peripheral mechanisms may be involved at
the same time and contribute (in varying propor-
tions) to both the pain and the increase in VPTs.
The gate control theory of pain suggests that con-
current tactile stimuli may decrease the perception
of pain.27 However, Apkarian et al.28 have pro-
posed the opposite; that is, that there is an inhibi-
tory effect of nociceptive input on the perception
of touch via a thalamic ‘‘touch gate.’’ The touch
gate theory is supported by findings of decreased
sensitivity to light touch in experimentally induced
pain in healthy subjects in the area of referred
pain.29 Moreover, improved sensitivity to light
touch has been reported following relief of pain in
patients with chronic pain.30

To our knowledge, little information is avail-
able regarding the optimal sites for determination
of VPTs in the hand. The fingertips and the palm
have higher receptor density than the dorsum of
the hand.31–33 In our study we found increased
VPT only at the dorsum of the 5th metacarpal
bone and the dorsum of the 2nd metacarpal bone
and not in the fingertips or the palm. We hypothe-
size that the reason for these results is that there is
a delicate balance in the thalamic ‘‘touch gate’’
between the excitatory input from somatosensory
receptors and inhibition from nociceptive stimuli.
Because of the higher receptor density in the fin-
gertips and the palm compared to the dorsum of
the hand, the sensory input from fingertips and
palm may be able to outbalance the inhibition
from the pain, and therefore VPT is normal in
these areas. In contrast, the sensory input from the
dorsum of the hand is weaker, and therefore the
VPT increases in this area.

Limitations of the Study. The reason for the non-
positive finding of a relationship between mood
and VPT may be due to a lack of variability in
mood. However, the variability in perceived stress
is of the same magnitude as described for female
workers in a production system.19

Lack of power could be the reason why we
found no significant difference in VPT between
the chronic pain (all) group and the controls
within the area of the median nerve.

The menstrual phase was not addressed.
Whether physiological changes accompanying
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menstrual cycles can change sensory perception
thresholds has been unclear; however, a study of
menstrual phase and current perception thresholds
did not see any changes across the menstrual
cycle.34

In conclusion, chronic diffuse upper limb pain
is associated with a small elevation of vibrotactile
perception thresholds in the areas of the ulnar
and radial nerves. Perceived stress and energy
before the vibration threshold testing did not
influence the thresholds. Although a peripheral
mechanism cannot be excluded, our findings sup-
port the idea that increased vibration perception
thresholds in chronic diffuse upper limb pain may
be secondary to pain and be brought about by a
central nervous mechanism.

This work was supported by the Swedish Council for Working Life
and Social Research.
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17. Kjellberg A, Sköldström B, Andersson P, Lindberg L. Fatigue effects
of noise on aeroplane mechanics. Work Stress 1996;10:62–71.

18. Kjellberg A, Wadman C. The role of the affective stress response as a
mediator of the effect of psychosocial risk factors on musculoskeletal
complaints. Part 1. Assembly workers. Int J Industr Ergonom 2007;
37:367–374.

19. Persson R, Garde AH, Hansen AM, Ørbæk P, Ohlsson K. The influ-
ence of production systems on self-reported arousal, sleepiness, phys-
ical exertion and fatigue — consequences of increasing
mechanization. Stress Health 2003;19:163–171.

20. Ellemann K, Nielsen KD, Poulsgaard L, Smith T. Vibrotactilometry
as a diagnostic tool in ulnar nerve entrapment at the elbow. Scand J
Plast Reconstr Surg Hand Surg 1999;33:93–97.

21. Goldberg JM, Lindblom U. Standardised method of determining vi-
bratory perception thresholds for diagnosis and screening in neuro-
logical investigation. J Neurol Neurosurg Psychiatry 1979;42:793–803.

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

23. ISO. 13091–1 Mechanical vibration – vibrotactile perception thresh-
olds for assessment of nerve dysfunction. Part 1. Methods of meas-
urements at the fingertips. 2001.

24. Ashworth NL, Marshall SC, Satkunam LE. The effect of temperature
on nerve conduction parameters in carpal tunnel syndrome. Muscle
Nerve 1998;21:1089–1091.

25. Halar EM, DeLisa JA, Soine TL. Nerve conduction studies in upper
extremities: skin temperature corrections. Arch Phys Med Rehabil
1983;64:412–416.

26. Sanden H, Edblom M, Hagberg M, Wallin BG. Bicycle ergometer
test to obtain adequate skin temperature when measuring nerve con-
duction velocity. Clin Neurophysiol 2005;116:25–27.

27. Melzack R, Wall PD. Pain mechanisms: a new theory. Science 1965;
150:971–979.

28. Apkarian AV, Stea RA, Bolanowski SJ. Heat-induced pain diminishes
vibrotactile perception: a touch gate. Somatosens Mot Res 1994;11:
259–267.

29. Leffler AS, Kosek E, Hansson P. Injection of hypertonic saline into
musculus infraspinatus resulted in referred pain and sensory distur-
bances in the ipsilateral upper arm. Eur J Pain 2000;4:73–82.

30. Nathan PW. Improvement in cutaneous sensibility associated with
relief of pain. J Neurol Neurosurg Psychiatry 1960;23:202–206.

31. Johansson RS, Vallbo AB. Tactile sensibility in the human hand: rela-
tive and absolute densities of four types of mechanoreceptive units
in glabrous skin. J Physiol 1979;286:283–300.

32. Vallbo AB, Olausson H, Wessberg J, Kakuda N. Receptive field char-
acteristics of tactile units with myelinated afferents in hairy skin of
human subjects. J Physiol 1995;483(Pt 3):783–795.

33. Edin BB, Abbs JH. Finger movement responses of cutaneous mecha-
noreceptors in the dorsal skin of the human hand. J Neurophysiol
1991;65:657–670.

34. Oshima M, Ogawa R, Londyn D. Current perception threshold
increases during pregnancy but does not change across menstrual
cycle. J Nippon Med Sch 2002;69:19–23.

Pain, Mood, and Vibrotactile Perception MUSCLE & NERVE September 2010 409


