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Analgesic Effects of Vibration and
Transcutaneous Electrical Nerve Stimulation
Applied Separately and Simultaneously to
Patients with Chronic Pain

Régis Guieu, Marie-Frangoise Tardy-Gervet and Jean-Pierre Roll

ABSTRACT: The analgesic effects of transcutaneous electrical nerve stimulation (TENS) and vibratory stimulation
(VS), used both separately and simultaneously, were compared in 24 patients suffering from chronic pain. We tested
the hypothesis that these combined procedures might improve the pain reducing effects obtained with a single type of
stimulation, since they make it possible to recruit a larger number of large diameter afferents and/or to increase the dis-
charge frequencies. Four 35-minute treatment sessions (VS, TENS, VS+TENS, Sham stimulation) were run with each
patient. The vibrations (100 Hz) and TENS (100 Hz) were applied to the surface of the painful region. The sham stim-
ulation treatment consisted of positioning the TENS electrodes without actually delivering any current. The short form
of the McGill pain questionnaire was used to assess the subjects’ pain levels. The assessments took place immediately
after any treatment (Oh.), and again 4 hours and 24 hours later. The results showed that dual stimulation not only allevi-
ated pain in more cases than either VS or TENS alone, but also had stronger and more long-lasting analgesic effects.
On the other hand, all three types of stimulation used produced stronger analgesic effects than those obtained with the
sham stimulation.

RESUME: Dans le travail présenté nous comparons sur 24 patients souffrant de douleurs chroniques, les effets anal-
gésiques de stimulations nerveuses €électriques trancutanées (SENT) et de stimulations vibratoires (SV) employées
séparément et simultanément. Ces techniques analgésiques visent toutes les deux a accroitre notablement le volume
d’activité des afférences de gros diametre de manieére a bloquer les messages douloureux véhiculés par les fibres fines.
L’hypothése testée est que I’application simultanée, en recrutant un nombre plus important d’afférences de gros
diametre et/ou en augmentant les fréquences de décharge, doit permettre d’obtenir un effet antalgique accru? Quatre
séances de traitement de 35 minutes ont été effectuées (SV, SENT, SV+SENT, Stimulation simulée). Les vibrations
(100 Hz) et ia SENT (100 Hz) ont été appliquées sur la surface douloureuse. Pour la stimulation simulée nous avons
mis en place les électrodes de 1a SENT mais sans qu’aucun courant ne soit délivré. Pour mesurer la douleur nous avons
utilsé la forme simplifée du questionnaire d’algie de McGill. L’évolution de la douleur a éié appréciée immédiatement
aprés |'application de ’'un ou I’autre des différents traitements (Oh.), 4 heures aprés et 24 heures aprés. Les résultats
montrent que la double stimulation non seulement améliore plus de malades que la SV seule ou que la SENT seule,
mais qu’elle permet également une amélioration plus importante et plus durable. Par ailleurs les effets analgésiques
obtenus dans les trois conditions de stimulation sont tres différents de ceux obtenus avec la stimulation simulée.
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The “Gate control” theory put forward by Melzack and Wall
in 1965! has led to the development of various electrostimula-
tion methods for relieving pain. The most widely used of these
methods is undoubtedly Transcutaneous Electrical Nerve
Stimulation (TENS), which consists of stimulating the afferent
fibres in the painful area by means of electrodes placed on the

skin, so as to set up an inhibitory control on the pain path-
ways.2.34.5 The conventional method involves the use of high
frequency, low intensity stimulations, which mainly recruits
afferent fibres belonging to the A of§ group.

Vibratory stimulation (VS), which has been known for a long
time to have analgesic effects and is commonly used by physio-
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therapists, has only recently been investigated in patients suffer-
ing from acute6.78.9.10 and chronic pain.!!.12.13.14 The effects of
vibration on experimentally-induced pain have also be tested.!5-21
The results of all the above studies combine to show that vibra-
tion can be a highly efficient means of alleviating pain, probably
involving the activation of the large diameter afferent A aff
fibres. The conditions under which vibration has usually been
applied in these studies (probe applied to the skin; amplitudes
ranging between 0.5 and 3 mm; frequencies ranging between 10
and 200 Hz) give rise to perceptual vibratory sensations, which
suggest that cutaneous mechano-receptors are the main receptor
type involved.

Microneurographic data obtained with human subjects have
provided further information about the receptors involved. Numer-
ous studies have shown that various receptors, both superficial
and deep-lying, and of both the slowly and fast adapting types,
are highly sensitive to vibration.22-27 These receptors are mainly
assoctated with A off fibres28 and respond to vibration over a
wide range of frequencies (1 to 200-400 Hz), even when the
amplitudes are very low (less than 100 pm}).

Muscle receptors are also activated by vibration, although to
a lesser extent. Microneurographic studies in man have shown
that the primary muscle spindle endings (Ia) are highly vibra-
tion-sensitive, generally at frequencies of up to 100-150 Hz.29-33
The conditions under which vibration has usually been applied
in clinical studies designed to obtain analgesic effects have nev-
ertheless not been the most appropriate for ensuring spindle
activation. The most effective means of activating muscle spin-
dles is known to consist of placing the vibrator perpendicular to
a tendon. This type of stimulation is known in addition to give
rise to illusory sensations of movement, as well as to motor
responses in either the vibrated muscle or the antagonist
muscle.31.34-36 .

The fact that both TENS and VS mainly activate the large-
diameter cutaneous afferents led us to compare the analgesic
effects of these two techniques, used both separately and together
on patignts suffering from chronic pain. Qur working hypothesis
was that the analgesic effects obtained were more likely to be
enhanced by the simultaneous procedure, with which a larger
number of large-diameter fibres might be recruited than with
either technique separately. Preliminary accounts of some of
these results have been published.37.38

METHODS

Patients

Twenty-four patients suffering chronic pain, who had been
admitted to the neuro-rheumatology ward, were used in the
present study. They all gave their informed consent to the proce-
dure, as required by the Helsinski convention. The patients were
informed that they would undergo 4 sessions involving either
electric or vibration treatment. No mention was made of the
possibility that a placebo session might be included. The
patients were 9 women and 15 men aged 19 to 79, who had been
in pain for more than three months (17 of the patients had been
in pain for more than 6 months). The pathologies involved were
as follows: 13 cases of low back pain (11 with sciatica; 1 with
lumbar spondylosis; | with post-operative pain), 2 of tendinitis,
2 of scapular bursitis, 3 of bone pain (1 with vertebral osteo-
porosis; | with post traumatic dorsal rachialgia; 1 with post-
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radiotherapy rachialgia) and 4 of peripheral neuralgia (2 with
cervical brachialgia; 1 with polyradicultitis; 1 with Pancoast
Tobias syndrome).

All 24 patients had been receiving medical treatment up to
that point with only slight if any success. The treatments included:
various types of physiotherapy (infrared rays, massage, laser
treatment, thalasso-therapy), and analgesic and anti-inflammatory
drugs. No additional analgesic medication was administered
during the study, except such medication as had been used prior
to admission to hospital.

Treatment procedures

Vibratory stimulation (VS) Here we used a prototype consisting
of a DC motor equipped with an eccentric mass set in a plastic
casing, the base of which was adjustable in size and covered
with a fine layer of rubber which served as an applicator. The
power supply to the motor was variable and the vibration fre-
quency could be selected as required; a frequency of 100 Hz
was chosen. The vibrations were applied to an area of 4 x 8 cm
in the case of very localized pain (tendinitis, scapular bursitis,
cervical brachialgia), and 8 X 12 cm in the case of more
widespread pain. Moderate pressure was exerted (between 8 and
30 g/cm?2, depending on the size of the applicator), and the
amplitude was Imm peak to peak. The vibrations were applied
directly to the painful area; in the case of lumbosciatica the
vibrations were applied at lumbar level above the area where the
sciatic roots emerge.

Transcutaneous electrical nerve stimulation (TENS) A
Physiquelec stimulator (type: physiostim BF + C) was used. We
adopted the conventional stimulation method involving biphasic
shocks. The pulse width was 300 microseconds, the interval
between positive and negative phases one millisecond, and the
frequency 100 Hz. The intensity was adjusted to a level produc-
ing paresthesia in the painful region. The electrodes consisted of
silver plates measuring 8 X 4 cm or 3 X 4 cm. The size of the
plates chosen depended on the size of the painful area and the
part of the body. For example, electrodes measuring 8 x 4 cm
were generally used on the lower limbs and the trunk and 3 x 4
cm plates on the upper limbs and neck. They were applied to the
skin above the painful region when the pain was localized, and
along the pathway of the pain in cases of radiating pain. In
patients with sciatica, two electrodes were placed on each side
at the emergence of the sciatic root and two electrodes on the
lower limb (one electrode on the posterior aspect of the thigh
and one in the popliteal fossa).

Combined stimulation (TENS + VS) The stimulation parame-
ters used here were the same as those used with each technique
separately, as described above. The TENS electrodes were
placed on either side of the painful region, and the vibratory
stimulation was applied between the electrodes.

Sham stimulation As a control, a sham stimulation session was
performed in which the electrical stimulation electrodes were
positioned without any current being delivered. Here we
explained to the patients that they would be unable to feel any-
thing during the session because the current intensity was very
low.
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Pain measurement

The French version of the short form McGill pain question-
naire was used.3? This contains two intensity scales on which
patients can rate the intensity of their present pain, and a qualita-
tive scale on which 15 descriptors (11 sensory; 4 affective) are
also given an intensity rating. The first intensity scale involves
verbal descriptions. The patients were asked to rank their pain
on a six point scale (no pain, mild pain, discomforting pain, dis-
tressing pain, horrible pain, excruciating pain). The second
intensity scale is a visual analogue scale consisting of a ten-
centimetre line, on which patients were asked to indicate their
pain intensity levels. The two extremities of this line correspond
10 “no pain” and “worst possible pain”. Lastly, the patients were
asked to choose the descriptors which described their pain most
accurately. They were then asked to allot an intensity value
ranging from | to 4 to each of the descriptors (none, mild, mod-
erate, severe) among the following 15 descriptors (throbbing,
shooting, stabbing, sharp, cramping, gnawing, hot-burning,
aching, heavy, tender, splitting, tiring-exhausting, sickening,
fearful, punishing-cruel).

Various values were obtained from the pain questionnaire:
(1) the scores obtained on the Present Pain Intensity (PPI),
where the patients’ answers were rated between 1 and 6; (2) the
score obtained on the visual analogue scale (VAS) in terms of
mm along the scale; and (3) the average ratings of the descrip-
tors chosen by the patients (pain rating index mean rank: PRI
(MR); note that this is again an index of pain intensity).

The patients underwent the whole pain rating procedure
before and after the treatment, and any changes in pain level
were expressed as a percentage of the scores obtained prior to
treatment (negative percentages were adopted by convention to
express alleviation, and positive percentages to express aggrava-
tion of the pain). Each of these ratings was calculated for each
patient, at each of the four sessions. The patients’ pain levels
were thus assessed before treatment, immediately after treat-
ment, and again 4 hours and 24 hours later, which made it possi-
ble to describe the overall effects.

Experimental procedure

In order to statistically compare the effects of the four types
of treatment, the patients were divided into 4 experimental
groups, each of which received the 4 treatments in a different
order (Table 1). Four 35-minute treatment sessions were run
with each patient, at a rate of two a week (minimum interval
between the treatment sessions = 48 hours; most frequent inter-
val = 72 hours). At the first session, each patient was asked to
specify the characteristics of his/her pain, the circumstances
under which the symptoms first occurred, and what treatment
was being applied. The 3 pain rating procedures were then pre-
sented before and immediately after the treatment, and again 4
and 24 hours later.

RESULTS

Descriptive analysis

The initial pain intensity ratings obtained on the visual ana-
logue scale (VAS) at the first session ranged from 30% to 100%,
depending on the patients (Figure 1). The four experimental
groups were roughly similar, since the mean initial pain was
65% in group A, 62% in group B, 68.2% in group C and 77.3%
in group D.
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The pain alleviation obtained after the four treatment ses-
sions is shown in Figure 2. This was assessed by subtracting the
pain rating recorded 24 hours after the last treatment session

Table 1: Experimental procedure. The numbers correspond to the
order of the treatment sessions.

Treatments
Groups \& TENS TENS + VS Sham St.
A 1 2 3 4
B 4 ] 2 3
C 3 4 | 2
D 2 3 4 1

M=685 SD=204

S 10 -

0 Y 20 30 40 S0 60 70 80 90 100

pain intensity

Figure | — Histogram showing the pain distribution among 24 patients
prior to treatment, as assessed on the visual analog scale (VAS). On
the ordinate: number of subjects (S). On the abscissa: pain intensiry
divided into 10 classes ranging from 0 (no pain) to 100 (worst possi-
ble pain). M: mean, SD: standard deviation.

M=-375 SD=257 n*=13
S 6 -
5
4 4
3
2 4
[
0 <
-0 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 =+l 2 3 a4 %
- pain * pain o
alleviation aggravation

Figure 2 — Histogram showing the distribution of the analgesic effects
observed after the 4 treatment sessions, as assessed on the VAS.
Here the pain intensity rating levels recorded 24 hours after the last
treatment were subtracted from the initial pain levels. On the ordi-
nate: number of subjects (S); on the abscissa: percemiage alleviation
(negative figures) and aggravation (positive figures). The interval
between classes was 10 and the individual values ranged from -
100% 1o +50% (note that only the upper values obtained with each
class are indicated on the abscissa). M: mean; SD: standard devia-
tion; n*: number of patients with pain reduction of more than 305¢.
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from the initial pain rating. The values used to assess any
changes in the pain levels were always those based on the VAS.
It can be seen from the histogram and the accompanying data
(in particular, the means and the number of patients in whom the
pain levels were reduced by more than 30%) that in 21 patients,
the four sessions helped to reduce the pain levels. This allevia-
tion amounted to more than 30% in 13 of them.

The analgesic effects of various types of treatment with time
are compared in Figure 3. It can be seen from the histograms
that whatever the time interval after treatment (O h, 4 h, 24 h),
the combine stimulations (TENS + VS) had greater analgesic
effects than those obtained by applying VS or TENS alone. This

can be seen not only from the mean values, but also from the
number of patients who showed improvement, particularly those
in which pain relief of more than 30% was achieved. It is worth
noting that combined stimulation brought about pain relief in all
the patients O h after treatment, which persisted in 23 out of the
24 patients 4 h after treatment. Combined stimulation therefore
relieved pain both more efficiently and in a larger number of
patients than the single procedures; it can also be said to have
had more durable analgesic effects, since these were greater
24 h after treatment than the effects of the single procedures. It
should be noted in addition that VS was slightly more effective
than TENS on the average, and in terms of the number of patients

M=-47 SD=10 n*=1
12 20

o

o l—l[—lﬂ a
43 2

M=15 SD=118 n*=0

0 0Ollnno

M=57 SD=125 n*=0
10 ’

o

I

X n

09 -8 7 6 -5 -1 0 +1 42 43 +4

SHAM St. SHAM St.

M=-258 SD=24 n*=6
10 10

109 8 7 6 -5 4 3 21 0 +142 4344

M=-186 SD=167 n*=4

10 -9 8 7 6 -5 43 2-1 0 +142 4344
SHAM St.

M=-46 SD=16.5 n*=1

12

M=-305 SD=21 n*=10

M=-462 SD=22 n*=17

6

SO w

S 432 -1 0 +142 43 +4
TENS+VS

TENS+VS

M=-377 SD=264 n*=15 =-263 SD=263 n*=10

6
4
4
2
2
0 0
-10 9 -8 -7 6

-10 -9 -8 -7 6 -5 4 3 -2 -1 0 +1 42 +3 +4

. X TENS+VS
pain pain
alleviation aggravation
0OH 4H 24H

10 -9 -8 7 6 -5 4 3 -2 -1 0 +142 43 +4

Figure 3 — Changes in pain intensity with time after application of three types of analgesic stimulation, based on the VAS. Pain levels, expressed as
percentages of the scores obtained before stimulation, are given in the form of histograms corresponding to the four types of treatment session
(TENS plus VS; VS alone; TENS alone; Sham stimulation) and the three time-intervals after the treatment (immediately after, 4 hours after and 24

hours after). Same conventions as in Figure 2.
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with pain reductions of more than 30%. In addition, all three
types of analgesic stimulation were consistently much more
effective than the sham stimulation, both on the average and in
terms of the number of patients in whom pain was relieved. The
last point worth mentioning is that from the patients’ point of
view, although both TENS and VS were said by the patients to
be pleasant, VS was generally preferred.

Quantitative analysis

The VAS data collected on the patients’ pain levels at various
times were subjected to a 4 X 4 x 3 analysis of variance (groups X
types of treatment X number of hours after treatment). The pain
levels were not found to vary significantly from one group of
patients to another (F 3.30 = 1.5, p > 0.5). The only significant
factors at work were found to be the type of treatment (F 3.60 =
23.4 p < .001) and the time elapsing after the treatment (F 2.40
=51.8, p <.001). Looking more closely at the specific factors, it
can be seen from Table 2 that combined stimulation (TENS +
VS) was significantly more effective than VS or TENS alone, at
all the times considered (0 h, 4 h and 24 h). On the other hand,
the efficiency of VS did not differ significantly from that of
TENS at any of these three times. All three treatments consis-
tently showed highly significant differences, however, from the
sham stimulation.

It was decided to examine in greater detail the pain rating
scores obtained on the visual analogue scale (VAS). This scale is
the most exact, since it is a continuous scale, whereas the other
two scales used involved a series of steps (5 steps in the case of
PPI and 3 steps in the case of PRI(MRY)). In order to relate these
scales to each other, however, we first calculated a Spearman
rank correlation coefficient (Rs) on all the data. The results
show that the three scales were correlated to a highly significant
degree (VAS/PPI): Rs = 0.81, p < .001; VAS/PRI: Rs = 0.72,
p <.001; PPI/PRI: Rs = 0.7, p < .001).

DISCUSSION

The present study on 24 patients shows that both TENS and
VS applied separately are effective means of reducing pain. In
all the cases studied, the results obtained with each of these
methods were a great improvement on the sham stimulation not
only immediately after application of the stimulation, but also
some time later. These methods were more successful with some
patients than with others, however, and in some cases they were
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ineffective. These findings are in agreement with previously
published results.24.5.11-14 If one looks at the results of all the
treatment sessions combined (Figure 2), it can be seen that the
total analgesic effects achieved were greater than those resulting
from the dual stimulation session alone (see histogram in Figure
3 showing the effects of TENS + VS after 24 h). This indicates
that the analgesic effects of these techniques can be enhanced by
multiplying the number of sessions.

The most noteworthy finding to emerge from this study,
however, is the fact that dual stimulation (TENS + VS) was
found to be significantly more effective than either VS or TENS
applied separately. Not only was pain alleviated in a larger num-
ber of patients, but the analgesic effects obtained were stronger
and longer lasting. The persistence of these analgesic effects is
worth noting as one of the main advantages of the combined
stimulation technique, which could be widely used in clinical
practice. When used, for example, to treat a patient with painful
legs and moving toes, complete pain relief was obtained which
lasted for more than 24 hours. Four months after the patient
started self treatment at home, 3-4 sesstons of combined stimu-
lation per week sufficed to relieve his pain completely.40

How are we to account for the enhanced analgesic effects
observed as the result of combined stimulation? The explanation
may be that both types of stimulation do not recruit exactly the
same population of large-sized afferent fibres. The first argu-
ment in favour of this hypothesis is based on perceptual data.
The two kinds of analgesic stimulation do not in fact give rise to
identical sensations. If either type is discontinued during dual
application, subjects are able to clearly and accurately discrimi-
nate between the two types. The second argument has to do with
the nature of the stimulus. Vibratory stimulation diffuses more
widely, and although attenuating effects naturally occur, it pene-
trates quite deeply to areas which can be quite distal from the
site of application. This diffusion capacity obviously depends
largely on the transmission properties of the underlying tissues,
and is unquestionably enhanced by the proximity of bone tissue.
More specifically, VS probably activates the vibration-sensitive
mechano-receptors which are located in the deep skin layers, the
connective tissue, and the periosteum (especially the Pacinian
corpuscules). TENS, when applied in the conventional manner,
probably recruits a somewhat different fibre population, since
the intensity of the current decreases very sharply as it pene-
trates the skin layers. Lastly, the afferent information will probably

Table 2: Comparison between the analgesic effects obtained with the 4 types of treatment (TENS + VS, VS, TENS, Sham stimulation) after 3
different time-intervals had elapsed (immediately after, 4 hours after and 24 hours after the treatment). Results of an analysis of variance (spe-
cific factors) conducted on the data collected using the visual analog scale (VAS).

\A) TENS Sham Stimulation

0Oh S (F=8.06,p<.005) Oh S (F=11.88,p <.001) Oh S (F=156.38,p<.001)
TENS + VS 4h S (F=492,p<.025) 4h S (F=14.36, p <.001) 4h S (F= 49.78,p<.001)
2dh  § (F=44, p=.025) 24h S (F=11.9, p<.001) 24h S (F= 3598,p<.00!)

Oh NS Oh S§ (F= 30.32,p<.00l)

VS 4h NS 4h S (F= 135, p<.001)
24h NS 24h S (F= 21.09,p<.001)

Oh S (F= 16.15,p<.001)

TENS 4h S (F= 22.26,p<.001)
24h § (F= 5.1, p<.025)

N.B.: In all these comparisons, F is given for (2.20) degrees of freedom.
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be differently organized depending on whether the receptors are
activated directly by a mechanical stimulus or by an electrical
stimulus, which is likely to synchronously activate all the affer-
ent fibres.

The efficacy of combined stimulation might then be
attributable to the fact that it leads to the recruitment of afferent
populations with different types of sub-modalities and different
numbers. The discharge frequencies of these afferents might
also be increased by combined stimulation. These are only ten-
tative answers, however: to obtain more definite explanations it
will be necessary to carry out micro-neurographic unitary
recordings on the afferent fibres recruited by TENS + VS,
TENS and VS.

As regards the question as to what pain control mechanisms
are triggered by the activation of large diameter primary afferents,
all that is known is that the pain control may result from the
central blocking of nociceptive messages at the level of the dor-
sal horn, and/or from inhibitory controls of suprasegmental ori-
gin.[-541-43 The liberation of endogenous opioids has often been
put forward to account for analgesic effects of this kind, but
there seems to be no evidence supporting this idea either in the
case of the conventional TENS method or in that of VS, since
the analgesic effects of these two procedures are not reversed by
naloxone.44-48 These conclusions should be treated with caution,
however, because of the complexity of the effects of nalox-
one.49-52 Another set of arguments which is worth considering
to explain the potentiation of analgesic effects observed when
dual stimulation was applied have to do with the autonomic ner-
vous system. TENS is known to bring about changes in sympa-
thetic tone; this is why it causes local vasodilation, which is
accompanied by a reddening of the skin and a rise in skin tem-
perature.33.5¢ The same occurs with VS, since we, like Lunde-
berg!!17 noted the occurrence of vasodilatation at the vibrator
site. The mechanisms underlying this vasodilation have not yet
been elucidated.55-56 This synergetic action of the two types of
stimulation on the sympathetic system might thus at least partly
explain why the combined procedure is particularly effective.
Lastly, vibration can lead to local myorelaxation because it acts
like a massage and thus enhances the overall analgesic effects.

The above investigation calls for a few final methodological
comments. We would like to stress the excellent degree of corre-
lation found to exist among the three pain intensity rating scales
used here; this confirms that the short-form McGill pain ques-
tionnaire is a highly useful and reliable means of measuring
pain. This correlation also makes it possible to evaluate the care
with which the patients have answered the questionnaire, which
makes our results all the more valid.

In conclusion, the results of the above study confirm our ini-
tial working hypothesis, since they show that by combining VS
with TENS, it is possible to improve the analgesic effects
obtained with either procedure separately. This potentiation
observed in patients with various pathologies requires further
investigation to determine which types of pathology are most
sensitive to the combined stimulation and whether the potentia-
tion persists during long treatments.
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