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Abstract

Spasticity is a motor condition present in 75 to 88% of children with Cerebral Palsy (CP). One form of
treatment is called punctual mechanical oscillation (PO). The current study aimed to study different
protocols for the application of PO and the magnitude of their effects. In total, 7children with medical
diagnosis of CP and ICD (International Classification of Diseases) were included. The first intervention
protocol (Int!) consisted of the application of PO to the spastic muscle tendon and the second intervention
protocol (Int?) to the muscle belly ofthe spastic antagonist muscle. For evaluation, the Modified Ashworth
Scale (MAS) was used, while simultaneously capturing the mechanomyography (MMG) signals. Data were
collected pre-intervention and 1 (Posti), 15 (Postis), 30 (Postso), 45 (Postss), and60 (Postss) minutes after the
interventions. The MAS values (median % interquartile range) post intervention were statistically lower when
compared to the pre values in the 2 protocols studied; in Int'between Pre (2 + 0) andPost1s (0 + 1.75), Postso
(0+ 1), Postss (1 + 1),and Posteo (1 + 1), and in Int?only between Pre (2 + 1) and Post; (0 + 1).The values found
in the MMG in both its temporal and spectral domains did not follow a pattern (p>0.05). The comparison
between the protocols did not demonstrate statistical differences in any characteristics (MAS, MMGwg, and
MMGgwms). However, PO was shown to be a therapeutic resource that modulated spasticity for up to 60
minutes after its application, and PO could contribute as a tool to aid the treatment of spasticity.

Keywords: Cerebral Pals. Mechanomyography. Modified Ashworth Scale. Muscle belly. Muscle tendon.

1. Introduction

Cerebral Palsy (CP) describes a group of disorders that compromise movement and posture, causing
limitations in the functional activities of the individual. The incidence of CP in developed countries is
approximately 2.0 to 2.5 per 1000 live births (Reddihough and Collins 2003; Rosenbaum et al. 2007), while
in developing countries this rate can rise to 7 per 1000, it's believed that due to poor conditions of prenatal
care and primary health care of pregnant women (Zanini et al. 2009).However, some current estimates
indicate that 34-45% of CP cases may be due to genetic or epigenetic factors, and despite improvements in
prenatal and perinatal care and advances in obstetric practices, the incidence of CP has changed little in
recent decades (Maclennan et al. 2015; Fahey et al. 2017).
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Punctual mechanical oscillation in modulation of muscular tonus in children with spasticity

It is estimated that 75 to 88% of patients present, as part of their clinical characteristic, alteration in
muscle tone, defined as spasticity, which can cause secondary damage such as reduction in muscle length,
deformities, and loss of function (Dias et al. 2015). On the other hand, this increase in muscle tone may
contribute to joint stabilization, and assist in postural control, facilitating changes in decubitus and transfers.
Thus, spasticity is a condition to be modulated and not completely eliminated (O’shea 2008; Brasil 2009).

The human body is known to be a biomechanical structure that has sensitivity to vibration (Balbinot
2001). Vibration refers to mechanical oscillations around a reference point, which are defined by the
evaluated frequency and amplitude (Batista et al. 2007). Vibratory stimulation results in neurophysiological
alterations through muscle and tendon mechanoreceptors, such as the muscle spindle (MS) and Golgi
tendon organ (GTO) (Fallon and Macefield 2007).

Based on these neurophysiological characteristics, the protocol for the application of punctual
mechanical oscillation (PO) on the spastic muscle tendon has been studied as a resource for the treatment
of spasticity, in addition to the protocol for the application of PO on the muscle belly of the spastic antagonist
muscle (krueger-beck et al. 2010). The application of these mechanical oscillations promotes normal
patterns of motor activity as a result of modulation of motoneuron and corticospinal pathway excitability
(De Moraes Silva et al. 2011).

However, there is still no consensus on the differences in results after application of punctual
oscillation on the tendon and on the muscular belly. There is also no definition of the time of effectiveness
in tone modulation after the application of the two OP techniques. Katusic et al. (2013), highlighted the
importance of the existence of parameters for the application of punctual oscillation in the treatment of
spasticity, as well as the duration effects of this intervention for patients (Katusic et al. 2013). Another
limitation observed is the lack of studies on the effects of the use of punctual oscillation in children with
spasticity since the majority of the current studies are in adult patients after stroke. In these cases, the results
indicated that there was improvement in the functional capacity of chronic stroke patients (Caliandro et al.
2012) and a decrease in spasticity, with positive results up to 30 minutes after PO application (Noma et al.
2012). Therefore, it is worth investigating whether these results would be similar for children with CP.

Thus, this study aims to verify the effectiveness of punctual mechanical oscillation in modulating
spasticity in children with cerebral palsy using two application protocols (as well as to evaluate if there is
superiority between them) and, additionally, to verify the modulation permanence time.

As this is an experimental work, the hypothesis of the study was that the two protocols of application
of mechanical punctual oscillation would modulate spasticity, that the application of PO on the spastic
muscle tendon would be more effective than application on the muscle belly of the spastic antagonist
muscle(since when applied to the tendon, there may be the illusory sensation of movement, causing the
inverse vibration tonic reflex to occur, as the GTO perceives the high tension that the muscle fibers suffer,
and thus, as a form of protection, spasticity modulation occurs more effectively), and there would be an
effect on tone modulation for up to 60 min after application.

2. Material and Methods
Participants

The project developed for this research was carried out in accordance with Resolution 466/2012 of
the National Health Council and obtained approval from the Ethics and Research Committee of the
Universidade Tecnoldgica Federal do Parana - UTFPR under opinion number 1.859.869.

This is an experimental analytical case series study. Seven children of both sexes were selected from
patients treated at the Institute of Health and Rehabilitation, with the headquarters located in Curitiba-PR
and branches in Ponta Grossa-PR, Clinic Neuro Concept, Curitiba-PR and the Municipal Educational Center
of specialized care Professor Lindamir Terezinha Ferreira Ribeiro - CEMAE, Campo Largo - PR. Patients with
a proven medical diagnosis of cerebral palsy were included (ICD 80 - International Classification of Diseases),
aged between 3 and 12 years, who presented spasticity greater than grade 1 in the biceps brachii muscle
(BB), according to the Modified Ashworth Scale (MAS), and whose caregivers consented and signed the
consent form. Patients who presented any dermatitis or skin lesions in the area of placement of the double-
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sided tape that adheres the mechanomyography sensor (MMG) to the patient and who presented any
rejection of the stimulus from the punctual oscillation were excluded.

Instrumentation

The present study obtained results through the Modified Ashworth Scale (MAS) and
Mechanomyography signals. For the collections of the MMG, 4-channel EMGSystem Ltda. equipment was
used, with a triaxial accelerometer. The skin was prepared with 7092 alcohol asepsis, and the sensor was
positioned over the distal third of the BB muscle for both evaluation protocols.

For the MAS evaluation, the evaluator performed a stretching reflex on the elbow joint until it
reached 02 extension, or the participant's range of motion. Throughout the range of motion, MMG signals
were captured as shown in Figure 1.

MMG 2
Equipment

| EMG System

Extension
movement
for MAS
assessmen

Data storage and
processing

Figure 1. Diagram of the evaluation protocol, Mechanomyography (MMG) signal capture simultaneously
with the modified Ashworth Scale evaluation (MAS).

Experimental protocol

Two interventions were performed in all participants, with a period of 7 to 15 days between the first
and the second interventions, with the objective of evaluating two different methods of applying oscillation
in the modulation of BB muscle spasticity.

The first intervention protocol (Int!) was punctual oscillation (PO) on the BB muscle tendon for 15
minutes, as shown in Figure 2. The second intervention protocol (Int?) was performed on the muscle belly
(MB) of the spastic antagonist muscle, in this case, on the MB of the triceps brachii (TB) as shown in Figure
3, respecting the same PO application time of 15 minutes.
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15 Minutes

Figure 3. Application of Punctual Oscillation on the muscle belly of the triceps brachii,
spastic antagonist muscle.

During the two interventions, the participants remained lying comfortably on a flat surface, and at
the time of collection they flexed their shoulder and elbow at 452 and 1109, respectively. The same form of
application protocol was respected in both evaluations, except for the PO intervention site, as mentioned
above.

The evaluations for both protocols consisted of the Ashworth Modified Scale evaluation of spasticity
(0 without increase in muscle tone, 4 joint stiffness), while simultaneously capturing MMG signals before
the application of punctual oscillation, called pre-intervention (Pre). After the pre-assessment, the
intervention was performed with the punctual mechanical oscillation, using a massager from the company
Relaxmedic® model Infratch Hammer, with oscillation frequency of 45 Hz and amplitude of 0.5mm. The PO
was performed on the BB muscle tendon for 15 minutes in the “Int” protocol and on the TB muscle belly
for 15 minutes in the “Int?” protocol.

After the end of the PO application, the values of MAS and MMG were recorded at the following
moments: 1 minute (Posti), 15 minutes (Postis), 30 minutes (Postso), 45 minutes (Postss), and 60 minutes
(Postgo) after the intervention.
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Processing

For the processing and analysis of the data, the program MatLab® (MathWorks, version R2012b) was
used. The digital filter chosen for the MMG signal was Butterworth, third order, with a 5-50 Hz bandwidth.
The axis perpendicular to the muscle fibers (Z axis) was used for processing in the temporal domain, by the
root mean square (Root Mean Square- MMGgus), and in the spectral, by the median of the frequency
(MMGwme), which was processed by Discrete Fourier Transform.

Statistical analysis

In addition to the descriptive analysis using boxplot graphs, a statistical test was applied to
corroborate the significance between the moments (Pre, Posti, Postis, Postsg, Postss, and Postso) and
between the application techniques (muscle belly or muscle tendon). The statistical analysis was performed
with custom-written MatLab® (MathWorks, Inc.) software, version R2015a. Because of the data skew, the
Friedman test (related to non-parametric ANOVA) was computed for the data (p value < 0.05) in order to
evaluate if the protocol moments were different among them. Considering statistical significance, for Post
hoc analysis, the Bonferroni adjustment with P-value waschosen according to multiple comparisons; in this
sense, differences were considered significant for p < 0.0083.The Wilcoxon test was applied between the
techniques (muscle belly or muscle tendon) for each moment (p < 0.05). Effect size (d) was calculated (Cohen
2013) for significant data. The values for interpretation of effect size were: small (d=0.10—-0.29), medium
(d=0.30-0.49), and large (d=>0.50) (Cohen 1988).The data found in this study are described as median %
interquartile range.

3. Results

Seven children with a clinical diagnosis of Cerebral Palsy, with spasticity in the biceps brachii muscle
participated in this study; one child with a clinical presentation of hemiparesis (spastic unilateral) and six
with quadriparesis (spastic bilateral), ranging from 5 to 7 years of age (2 of 5 years, 3 of 6 years, and 3 of 7
years) and with varying levels of motor impairment, specified in Table 1 by the GMFCS (Gross Motor Function
Classification System) and MACS (The Manual Ability Classification System) (Eliasson et al. 2006; Palisano et
al. 2007).

Table 1. Description of the characteristics of the individuals analyzed.

Age (years) Sex Topographic Diagnosis GMFCS MACS
Individual 1 6 Masculine Quadriparesis \" \"
Individual 2 5 Masculine Quadriparesis v Vv
Individual 3 6 Masculine Quadriparesis Vv Vv
Individual 4 7 Masculine Quadriparesis Vv Vv
Individual 5 7 Feminine Hemiparesis [ Il
Individual 6 5 Feminine Quadriparesis \" v
Individual 7 7 Masculine Quadriparesis \" Vv

Due to the non-parametric distribution of the data collected, we opted for the analysis of the medians
t interquartile range (Q3 value - Q1 value), of the MAS and MMG values in both their temporal and spectral
domains, found in Int! and Int2.

In Int!, represented by the letter (A) in Figure 4, the value found by the MAS in the pre-intervention
was 2 * 0. Soon after the intervention on the muscle tendon, at Posts, this reduced to 1 + 1.75. AtPostisthe
value decreased to 0 + 1.75 and at Postsp to 0 + 1. At Postss andPostssthe value returned to 1 + 1.

In Int?, represented by the letter (B) in Figure 4, the value found by the MASPre-intervention was 2 +
1. At Post;, the median value decreased to O £ 1. At Postis the value rose to 1 + 1.5. At Postso the median
value remained at 1 + 1, at Postss 1 + 0.75, and at Posteso 1 £ 0.
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Figure 4. A — modified Ashworth Scale of muscle tendon; B — modified Ashworth Scale of muscle belly.
* = p <0.0083. d = effect size. Red cross = outliers.

Figure 5 presents the variations found in the median frequency MMG (MMGwg) in the collection in
Int! (A) and Int? (B) for the 7 individuals. The median of the values found in Int! (A) in the Pre-intervention
was 14 + 16.75 Hz, rising at Post; to 16 + 5 Hz and decreasing at Postis to 14 + 5 Hz. AtPostsothe value rose
again to 16 £ 3.5 Hz, at Postss the value decreased to 13 + 7.25 Hz, and at Posteothe value rose again to 17

+4.75 Hz.

Still in Figure 5, now for the Int?, represented by the letter (B), a Pre value of 15 + 3 Hz was obtained,
and at Post; the value remained at 15 + 8 Hz. Soon after, at Postis the value rose to 17 £ 7.5 Hz, at Postsg
decreased again to 15 + 1.75 Hz, at Postss rose again to 21 + 11 Hz, and at Posteo the value decreased to 18

+ 8.5 Hz.
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Figure 5. A — mechanomyography median frequency of muscle tendon; B — mechanomyography median
frequency of muscle belly. Red cross = outliers.

Figure 6 presents the values of MMG in the temporal domain (MMGgws) of the 7 analyzed individuals,
where G is the acceleration of gravity, with the magnitude given in (ms-2); Intlis represented by (A) and Int?
by (B). For Int!, the values found at Pre were 0.049 + 0.031 Grvs. The value decreased atPost;t00.041 + 0.032
Gruvs, atPost15t00.035 £ 0.038 Ggrs, at Postsp to 0.034 + 0.063 Gruvis, at Postssto 0.033 £0.076 Grus, and finaIIy,
at Postspt00.027 + 0.024 Ggrws.
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For Int?, the MMGgws value found for Pre was 0.035 + 0.024G. At Postithe value rose t00.047 +
0.025G, at Postisdecreased t00.031 + 0.017G, rising again at Post3to0.035+ 0.030G, reducing at
Postsst00.031+ 0.017 G, and at Posteorising to 0.042+ 0.026G.
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Figure 6. A — mechanomyography root mean square of muscle tendon; B — mechanomyography root mean
square of muscle belly. Red cross = outliers.

The comparison between techniques (muscle tendon or muscle belly) did not demonstrate statistical
significance in any features (MAS, MMGmg, and MMGgus).

4, Discussion

Through the data analysis, the Wilcoxon test, applied to both protocols, Int* (muscle tendon) and Int?
(muscle belly), at each moment analyzed, demonstrated a result of p = 0.05, i.e., both techniques were
similar when evaluated in terms of results and it cannot be stated that one protocol is superior to the other.

The effect size (d) of the techniques was calculated using the Cohen test (Cohen 2013) and the data
were significant, with p 2 0.8, indicating that both techniques presented satisfactory results for the analyzed
guestion, that is, for the modulation of spasticity in children with CP, considering the measurement by means
of MAS.

In the present study, the 7 individuals analyzed demonstrated a reduction in the values found by the
MAS in both forms of intervention. However, in the Int! protocol there was statistical significance at the
post-intervention moments of 15, 30, 45, and 60 minutes when compared to the median value Pre-
intervention, while in the Int? protocol, there was statistical significance only at the Post; moment when
compared to the Pre-intervention.

In a study with a similar protocol, performed Katusic et al. (2013), 89 children aged 4 to 6 years
diagnosed with CP underwent 2-weekly interventions for 12 weeks with a 40 Hz frequency vibration for 20
minutes in each session. The authors observed a reduction in MAS and improved motor performance
assessed by the gross motor function scale (GMFM-88), when compared to a control group that did not
undergo the intervention with punctual oscillation. In the same study, the authors highlighted the
importance of the existence of parameters of the application of punctual oscillation in the treatment of
spasticity, as well as the effectiveness of the duration of this intervention for the patient and the research
aimed at this public (Katusic et al. 2013).
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The values found in the two MMG domains varied and there was no correlation with the values found
by the MAS. This is different from the findings in a study conducted in 2016, which sought to correlate the
levels of MAS spasticity with MMG signals. The reported results showed correlation of the values found by
the MAS in the temporal domain, while in the spectral domain there was a lower correlation (Santos 2016).

A study by Conrad et al. (2011), used the application of vibration on the wrist flexor spastic tendon
in 10 post-stroke patients, and observed reduced muscle activity and improved movement control (Conrad
et al. 2011). The same authors, who in 1968 described vibratory tonic reflex when spinal PO was performed
(Hagbarth and Eklund 1968), two years earlier in 1966 had already described the benefits of PO on the spastic
tendon, describing the improvement in motor control and also that the effects of spasticity modulation are
maintained even after ceasing the PO (Hagbarth and Eklund 1966).

Although there was no statistical correlation between MAS and MMG, the application of PO on the
tendon evaluated by the MMG in its temporal domain showed a decline when comparing the pre value with
the post-application values, since in the Pre-application value we found a median of 0.049 + 0.031 Ggumsto
0.027 + 0.024 Grums at Postso, however, when statistically evaluated there was no difference between these
moments. Different fromint?, in Int! however, there was a decline in the MAS value after application at Posty,
however not fully modulating muscle tone, but then further declining to 0 at Postis and Postso and rising
back to 1 at Postss and Postso. Despite this return to a value of 1 through the MAS, the median value
Postsowas still lower than the median value of Pre.

When we observed the evaluation by the MAS in the Int! protocol, the size of the effect of Post
moments in relation to Pre-intervention, we observed that at Post; there was no statistical difference,
indicating that the modulation occurs more effectively 15 minutes after intervention, remaining up to 60
minutes after its application.

A study of great relevance showed that besides the modulation of spasticity, there are other
associated gains. That study evaluated patients with multiple sclerosis who had spasticity in lower limbs, and
identified that after the application of vibration, in addition to the reduction in spasticity, individuals also
presented pain reduction assessed by the ID-Pan pain questionnaire and improvement in quality of life
assessed by the FS-36 questionnaire. This indicates that PO is a safe tool, which, by producing spasticity
modulation benefits the individual who received the application in several ways (Camerota et al. 2017).

The result of this modulation is due to what is called the inverse vibratory tonic reflex (IVTR), since
when the oscillation on the spastic tendon was performed there is an illusory sensation of movement and
the GTO perceives the high tension suffered by the muscle fiber, in order to minimize this effect the agonist
muscle is inhibited by the internuncial cell (Golgi type Il) present in the spinal cord gray matter and,
simultaneously, this fact is accompanied by the activation of the antagonist muscle (Gillies et al. 1969;
Ortolan et al. 2017). Thus, there is better synergy during the flexion-extension movement of the elbow, as
described in this study and evidenced by MAS.

Studies such as by Hagbart et al. justify the reasons why vibration on the muscle belly of the spastic
antagonist muscle modulates spasticity, as when there is PO on the muscle belly there is a reflex response
of a sustained contraction of the vibrated muscle and a simultaneous relaxation of its antagonist, this
response being called Vibrating Tonic Reflex (VTR) (Hagbarth and Eklund 1968). The same occurred when in
the present study the PO was applied to the triceps brachii muscle spindle, as this application caused its
sustained contraction, consequently reducing the muscle tone of the biceps brachii, thus helping to improve
limb mobility.

As in the present study, the effectiveness of PO on the MV of the spastic antagonist muscle could be
evidenced, since the application of PO on the triceps brachii increased the motor excitability of this muscle
and reduced the motor excitability of the biceps brachii, modulating the spasticity and making the individual
movement more functional.

A study that performed the application of PO in children with CP showed that the application on the
muscle belly of the spastic muscle (using the calf muscles), improved the ADM evaluated by the digital
goniometer, also suggesting that there was modulation in spasticity and improved joint movement (Yun et
al. 2015).

Improved synergy in elbow flexion-extension motion can be evidenced by a reduction in MAS through
the median value at Pre of 2compared to 1 at Post 60 minutes, thus indicating that the PO on the MB of the
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spastic antagonist also has effects on modulation of spasticity in children. Statistical analysis of the effect
size showed a significant difference only when comparing the Pre to Postl moments, indicating an
improvement in spasticity, with an acute effect of PO application on the muscle belly of the spastic. Similarly
to Intl, there was no statistical correlation between MAS and MMG.

Still responding to the objectives of this study, it was possible to verify that in both forms of PO
application there were reductions in the values found by MAS, since it was observed that the spasticity up
to Postso presented values lower than at Pre-intervention, indicating that both techniques of PO modulate
spasticity for up to one hour after application.

Corroborating this fact, the study by Burke et al. (1972) in patients with spasticity, reported improved
spasticity for up to two hours after ceasing vibration, and that the patient limbs were more relaxed and free
of spasms during this period (Burke et al. 1972). A recent study by Li et al. (2019) verified by
electroencephalogram examination that application of PO to the muscles of the upper limbs activates the
bilateral primary somatosensory cortex (Li et al. 2019).

In 2012, a study by Noma et al. (2012) investigated the direct application of vibratory stimuli to inhibit
upper limb spasticity in 36 post-stroke patients, performed for 5 minutes and evaluated by MAS and EMG 1
min and 30 min after application. Three vibrators were positioned, one on the metacarpophalangeal joint,
and another two on the biceps brachii MB, that is, on the spastic muscles. Even with a different application
from the protocol applied in the present study, the authors stated that continuous vibratory stimulation for
a few minutes applied directly to the spastic muscle produces an intense initial contraction followed by
decreased spasticity, with positive results up to 30 minutes. At the end of the study the authors suggested
further investigations of the time of the effect in reducing spasticity (Noma et al. 2012); which, as previously
stated, was performed in the present study, indicating the effectiveness of spasticity modulation for up to
60 min after application.

This study has some limitations; the sample number was non-probabilistic (higher chances of
occurrence of type Il error), the age of the participants does not cover all age groups, and due to the number
of participants, there was no large demographic coverage. Patients in the sample were required to have a
proven medical report of ICD10 G80 Cerebral Palsy (G80.0 Spastic quadriplegic cerebral palsy, G80.1 Spastic
diplegic cerebral palsy, G80.2 Spastic hemiplegic cerebral palsy, and G80.8 Other forms of cerebral palsy),
and this was a limiting factor, since many patients who underwent screening had no proven medical
diagnosis and could not be included in the sample of the present study. Another point to consider is that in
this study there was no blinding.

5. Conclusions

The objective of this study was to verify the effectiveness of punctual mechanical oscillation in the
modulation of spasticity, to verify the modulation permanence time, as well as to compare the two
application protocols using the Modified Ashworth Scale and Mechanomyography. From the results, it can
be concluded that:

a) The use of punctual oscillation in both application forms presented satisfactory results in the
modulation of spasticity when analyzing the values found by the Modified Ashworth Scale. However, the
values found by the MMG did not follow a pattern when compared to the MAS, due to the possible
associated limb movement when performing the stretching reflex in the MAS evaluation, as the signals of
this movement were also possibly captured by the accelerometer. The statistical analyzes of the comparison
between the protocols (muscle tendon or muscle belly) did not show statistical significance in any
characteristics (MAS, MMGwmg, and MMGgus), contrary to the second hypothesis that the intervention
protocol on the tendon would be more effective than on the muscle belly.

b) Both intervention protocols with PO, when analyzed by MAS, were effective even 60 minutes after
the intervention, corroborating the primary hypothesis raised by the researchers.

Applications with PO have been shown to be effective in modulating spasticity, as peripheral stimuli
induced by PO improve the control of motoneuron excitability and induce neural pathway remodeling, thus
contributing to central nervous system plasticity. The improved muscle synergy achieved through PO also
helps these spastic children to gain better movement control and thus learn motor function and ranges,
which contributes to their normal motor development. Although the limitations cited by this study should
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be addressed and larger samples are needed to confirm our results, we can suggest that PO can be used to
increase the functional outcomes obtained to improve the spasticity and function in patients receiving this
intervention.
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