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Background

The control of spasticity is a major task in neuro-motor rehabilitation, not only because of
the epidemiological importance of cerebrovascular pathologies and the increasing number
of survivors with severe sequelae '(Han DS, 2008) ?(Appelros P, 2009) %(Agency for
Health Care Policy and Research. Post-Stroke Rehabilitation Guideline Panel, 1995)
*(SIGN Scottish Intercollegiate Network, 2002), but also because of the substantial lack of
motor improvement in patients with a severe spastic evolution, especially when involving
the upper limb °(Ashford S, 2008) 8(Sommerfeld DK, 2004) ’(Watkins CL, 2002).
Rehabilitation programmes are, therefore, often associated with the use of drugs, given
systemically or injected locally, to control spasticity. Although generally effective, when
given orally such drugs often induce generalised weakness, drowsiness and sedation
8(Montané, 2004) and, when injected intrathecally, can cause more severe complications °
(Davidoff RA. 1978)'°(Kolaski K, 2007) that sometimes limit their use.

Local treatment of spastic muscles with botulin toxin and phenol "'(Wissel J, 2009) also
has some limitations. Although considered a first-line treatment '¥(Sheean G, 2009), their
cost/benefit ratio, the development of immune-mediated unresponsiveness and some
reported side effects, including unexpected loss of strength and diffuse muscle weakness,
can limit the use of botulin toxin in daily clinical practice *(http://www.fda.gov,2009) "(Elia
AE, 2009) °(Rousseaux M, 2007).

It has been suggested that another possible way to control spasticity is to use physical
modalities, such as vibration. However, the clinical reports on the use of vibration in the

treatment of spasticity are very few and very old '® ' '8

and only recently was mechanical
vibration successfully re-proposed to reduce lower limb spasticity in spastic diplegia
9(Ahlborg L, 2006).

Vibration has been extensively used as a stretch reflex conditioning tool in
neurophysiological investigations of spasticity ?°(Bishop B, 1975)%'(Desmedt JE,1983).
Classical neurophysiological experiments have demonstrated that upper limb agonists and
antagonists show reciprocal inhibition, that is, the activation of one group induces inhibition
of the other ?(Day BI,1984). It has been demonstrated that this reciprocal inhibition is also

induced by vibration 23(Cody FW, 1989) ?* (Cody FW, 1998).



Aim of the study

The aim of this clinical study was to test, in a group of hemiplegic patients, the hypotheses
that:

1) the application of selective vibration to the upper limb flexor antagonist (i.e. the triceps
brachii) can reduce the spasticity of the flexor agonist (i.e. the biceps brachii);

2) the possible effect of vibration in reducing spasticity can be maintained for longer than

the period that the stimulus is applied.

Materials and Methods

Patients and treatment

From a group of 60 patients with spastic hemiplegia of the upper limb, 30 patients of either
sex and regardless of the affected side were selected for this study following application of
the exclusion criteria. The exclusion criteria were: age over 70 years old; lesion present for
more than 1 year; age- and educational level-normalised MMSE score below 22 2° (Crum
RM, 1993), and the presence of systemic, bone or joint disorders or tumours or changes in
either central or peripheral sensitivity able to interfere with the aims of the research. The
general characteristics of the patients included in the study are reported in Table 1.

The patients recruited were allocated to two different treatment groups using an automated
computer randomisation programme. One group received physiotherapy (PT) and the
other physiotherapy plus vibration treatment (VIB+PT). Both groups had daily sessions of
standard physiotherapy based mainly on Kabath techniques associated with passive and
active exercises to reduce spasticity. For both groups each daily session lasted 45 minutes
for 5 days a week (from Monday to Friday) for the 2 weeks of the trial.

Patients in the VIB+PT group, in addition to the daily sessions of physiotherapy, also
received treatment with vibration. A pneumatic vibrator powered by compressed air®®
(VISS, ltaly) was utilized. A 100 Hz vibration thus produced was applied over the belly of
the triceps brachii muscle of the spastic side by means of a cup-shaped transducer with a
contact surface of 2 cm? so that the amplitude of vibration was approximately 2 mm with a
mean pressure of 250 mBarr. The transducer was kept in place by a non-elastic band
wrapped around the arm with a constant contact force of 20-25 Newton. The patients in



the VIB+PT group received vibration sessions of 30 minutes each for 5 consecutive days
for 2 weeks at approximately the same time of the day (afternoon).

In both groups the spasticity of the biceps brachii was evaluated using the modified
Ashworth scale. The spasticity was evaluated before starting treatment (T0), 48 hours after
the fifth session (T1) and 48 hours after the last session of vibration (T2) by a doctor who
was unaware of the purpose of the research or the type of treatment applied.

Table 2 reports the timing of the various elements of the research protocol.

Statistical analysis

A descriptive analysis of the distribution frequencies of demographic data was conducted.
The primary analyses concerned the effect of the treatments on changes in the patients’
score on the Ashworth scale. The analysis of the effects of treatment was performed using
Fisher's exact test, evaluating the distributions of patients whose score improved and of
those whose score remained unchanged in the two treatment groups.

Ethical issues

The protocol followed the Helsinki recommendations on non-therapeutic biomedical
research involving human subjects and was approved by the institute’s Ethical Committee.
All the subjects received a careful explanation of the aims of the study and methods used
and agreed to participate in the study. Before their enrolment they gave signed, informed
consent. Subjects were free to withdraw from the study at any time.

Results

An analysis of the demographic characteristics of the patients showed that: (i) there was a
higher proportion of men than women, with the overall male to female ratio of 3:2 being
conserved in the two treatment groups; (ii) the mean age of the subjects enrolled was
64.7+5.4 years (range 48-70 years) and that this remained equivalent in the two treatment
groups (VIB+PT: 65.1+5.8 years, range 48-70; PT: 64.215.4 years, range 54-70).



After 1 week of treatment, Fisher's exact test showed a statistically significant greater
improvement in the VIB+PT group (p=0.0001) compared to in the PT group. The results
obtained after 1 week of treatment are shown in Table 3.

After 2 weeks of treatment, Fisher's exact test showed a statistically significant greater
improvement in the patients in the VIB+PT group (p=0.0078). The results obtained after 2
weeks of treatment are shown in Table 4. The same results are represented graphically in
Figure 1.

Discussion

The physiopathology of spasticity in hemiplegic patients is not completely understood
?’(Nardone A, Schieppati M. 2005) and this lack of complete knowledge is reflected in the
field of rehabilitation by the poor control of spasticity. In particular, upper limb rehabilitation
of hemiplegic patients is all too often unsatisfactory because of various degrees of
spasticity masking any possible motor recovery. Several methods of controlling spasticity
are used, including systemic and local administration of antispastic drugs, but their side
effects and low cost/benefit ratio can limit their clinical utility ®°.

The results of this study suggest a possible beneficial utilisation of a vibratory stimulation
applied to the antagonist muscle in controlling flexion upper limb spasticity in a group of
hemiplegic patients. We demonstrated that a vibratory stimulus of 100 Hz applied to the
triceps brachii of a spastic upper limb is able to reduce the spasticity of the flexor agonist,
biceps brachii, and, moreover, that this clinically perceivable reduction of spasticity of the
biceps brachii extends (for at least 48 hours) beyond the period of application of the
vibration, suggesting a reasonable possible role for this strategy in the rehabilitation of

spastic hemiplegia.

Neurophysiological basis for the efficacy of vibration treatment

In normal subjects a vibration stimulus has been shown to have several effects. These
vary in relationship to the frequency and site of application and also depend on where the
effects are studied (i.e. the vibrated muscle or non-vibrated muscle). Vibration increases
motor evoked potentials recorded from the vibrated muscle 2(Claus D, 1988) ?**(Claus D.,
1988) 3°(Kossev A., 1999) 3'(Rosenkranz K., 2000) *)(Rosenkranz K, 2003) and reduces
the intra-cortical inhibition for the same muscle: both of these effects lead to increased



excitability of the spinal motor neuronal pool of that muscle. This excitatory effect along the
motor command chain to the vibrated muscle is inverted for adjacent and antagonistic
muscles: the application of vibration results in increased intracortical inhibition in the
adjacent cortical areas of these non-vibrated muscles 2.

It is known that subjects affected by spastic hemiparesis have increased cortical
excitability, as demonstrated by a reduced central silent period, a neurophysiological
marker of cortical excitability on the affected side ** ** %(8-17 Binder, 2009). Vibration
applied to a given forearm muscle group has been demonstrated to increase the central
silent period of the non-vibrating antagonistic muscles, indicating enhanced inhibition/
reduced excitability of cortico-spinal activity *3(Binder).

22 23 24 and

Muscle agonists and antagonists are linked by so-called reciprocal inhibition
therefore increased motor excitability of a given muscle group can lead to decreased motor
excitability in its antagonistic muscle group. A combined clinical consequence of this
reciprocal inhibition and of the decreased motor excitability of the non-vibrated antagonistic
muscle group could be a reduction in flexion spasticity in the upper limb of patients affected
by spastic hemiplegic.

Unfortunately, this sound neurophysiological background to a possible therapeutic use of
vibration to reduce spasticity has not, so far, been paralleled by extensive clinical
application. This can be mainly attributed to a major technical problem related to the
vibration devices available for clinical use. Since its earliest applications, vibration was
delivered by devices created specifically for laboratory studies and the only devices were
cylindrical vibratory devices with an internal eccentric motor % *'(Hagbart, Casale). The
limited supply of these vibration devices and the practical problems with their use have led
to an obvious lack of extensive application outside neurophysiology laboratories.

Recently both whole body vibration devices and locally applicable mechano-acoustic
vibration devices have become available for clinical use making more extensive clinical
studies possible both in normal subjects ?*(Casale 2009) and in patients, such as those
with cerebral palsy affected by spasticity of the knee extensors '°(Ahlborg 2006). In our
study of a group of hemiplegic patients with severe spasticity of the upper limb, we applied
localised vibration to the antagonist muscle of the affected limb (i.e. the triceps brachii) and
the clinical results supported the neurophysiological rationale of this choice. The
physiological explanation of the clinical results of whole body vibration, which acts on both

agonist and antagonist muscle groups, is not so clear. Furthermore, we used a 100 Hz



vibration, which seems to be a more appropriate frequency to stimulate highly myelinated
afferent than 25-40 Hz used in whole body vibration *.

Possible explanation of the persistent effect of vibration on reducing spasticity

The second aim of this study was to determine whether 100 Hz vibration can induce a
clinical modification of spasticity extending beyond the period of application of the
vibration. In our study we found that upper arm flexor spasticity remained reduced, as
measured by a clinical score, for 48 hours after the vibration sessions. This was confirmed
both at T1 and T2.

It was recently demonstrated that 300 Hz vibration can induce central modifications lasting
far longer than the period of application of vibration ?(Casale 2009). The choice of a
selective stimulation along with the use of a 100 Hz vibration frequency could account for
the early changes obtained with only 10 sessions of 30’ each. Selectivity of the stimulation
site and the frequency of vibration chosen could also account for the durable effects on
spasticity that we recorded 48 hours after the last vibration session. This could be of
relevance for the possible clinical use of vibration.

Some limitations of this study should be acknowledged. The assessment of the effect
induced by vibration was limited to the use of the modified Ashworth scale for spasticity
3 (Ahlborg) *°(Gregson JM, 1999). However, in this context both the difficulty in finding
reliable tests for the upper limb °(Ashworth), like the simple six-minute walking for the
lower limb, ' and the substantial lack of positive results in the management of the spastic
upper limb in hemiplegic patients should be taken into consideration >”. Our study should
be viewed as providing preliminary evidence of a statistically significant reduction of
spasticity of the upper limb induced by 100 HZ vibration applied to the antagonistic
muscle. These results should be confirmed by further studies in large numbers of patients,
and the research extended by using different vibration frequencies, and possibly by the
parallel recording of any improvements in movement, which could be assessed by robotic

devices or movement analysis systems.
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Table 1: Demographic and clinical data of the patients.

ASHW ASHW ASHW EFFECT EFFECT
SublD AGE SEX TREAT T0 T1 T2 T1 T2
1 70 F PT 1.0 1.0 0.0| UNC IMP
2 69 F VIB+PT 2.0 1.0 1.0 IMP IMP
3 65 F VIB+PT 3.0 2.0 2.0 IMP IMP
4 58 M PT 2.0 2.0 2.0| UNC UNC
5 68 M PT 3.0 3.0 3.0| UNC UNC
6 68 M PT 4.0 4.0 4.0| UNC UNC
7 70 M VIB+PT 2.0 1.5 1.0|IMP IMP
8 66 M PT 2.0 2.0 1.5| UNC IMP
9 68 M VIB+PT 4.0 4.0 4.0| UNC UNC
10 69 F VIB+PT 3.0 2.0 2.0 IMP IMP
11 61 M PT 3.0 3.0 3.0| UNC UNC
12 66 M VIB+PT 2.0 2.0 1.5| UNC IMP
13 70 F VIB+PT 1.0 0.0 0.0| IMP IMP
14 58 M VIB+PT 2.0 2.0 2.0| UNC UNC
15 68 M VIB+PT 3.0 3.0 2.0 UNC IMP
16 48 M VIB+PT 2.5 2.0 2.0 IMP IMP
17 68 M VIB+PT 2.0 1.5 1.5|IMP IMP
18 70 F PT 3.0 3.0 3.0| UNC UNC
19 61 M VIB+PT 2.0 1.5 1.5|IMP IMP
20 66 M VIB+PT 3.0 2.0 2.0 IMP IMP
21 63 F VIB+PT 1.5 1.0 1.0|IMP IMP
22 70 M PT 3.0 3.0 2.0| UNC IMP
23 65 M PT 3.0 3.0 3.0| UNC UNC
24 68 F VIB+PT 2.0 1.5 1.5]IMP IMP
25 61 M PT 3.0 3.0 2.0| UNC IMP
26 65 F PT 2.0 2.0 1.0 UNC IMP
27 63 F PT 2.0 2.0 2.0| UNC UNC
28 67 F PT 1.0 1.0 1.0 UNC UNC
29 54 M PT 1.0 1.0 1.0 UNC UNC
30 57 F PT 1.0 1.0 1.0/ UNC UNC




Table 2. Study protocol. Clinical examination at T-0, T-1 and T-2 were done in the morning,
while treatments were always provided in the afternoon.

Days
1 3|14 718 10 |11 /12|13 |14 |15
SCREENING
ASHWORTH
SCALE T0 T1 T2
VIB+PT (TR-1)
PT (TR-2)

Table 3: Distribution of the effects after 1 week of treatment (T1).

VIB+PT PT Total
Improved 11 0 10
Unchanged 4 15 20
Total 15 15 30
Table 4: Distribution of the effects after 2 weeks of treatment (T2).

VIB+PT PT Total
Improved 13 5 18
Unchanged 2 10 12
Total 15 15 30




Figure 1: Treatment 1 = VIB+PT, Treatment 2 = PT
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