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Abstract

Parkinson's disease is a chronic, progressive, neurodegenerative disease of the central nervous system, being the
second most frequent movement disorder, affecting about 1% to 3% of the population aged over 60 years. Parkinson’s
disease is characterized by three basic symptoms: Tremor, stiffness and bradykinesia. This study promotes the analysis
of the combination of Laser Therapy with Vacuum Therapy which creates adequate conditions for a synergic effect of
both together. 18 patients were selected, subjects with idiopathic Parkinson's Disease, diagnosed by a neurologist,
of both genders, aged between 30 and 80 years, who use drugs to control Parkinson's disease and were classified
according to reports of muscle pain and stiffness. The patients were divided into 3 groups (n=6): Experimental group
(GE, n=6), control group 1 (GC1, n=6) and control group 2 (GC2, n=6). The analyses were realized in relation to visual
analogue scale and quality of life. The results found point to a better effect for quality of life and pain through the
synergistic action of therapies (Group Experimental). In conclusion, it is possible to affirm that the synergy of therapies

(Laser and Vacuum Therapy) can improve the quality of life of the patient affected by Parkinson's disease.

Keywords: Parkinson’s disease; Phototherapy; Vacuum; Negative
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Introduction

Parkinson's disease is a chronic, progressive, neurodegenerative
disease of the central nervous system, being the second most frequent
movement disorder, affecting about 1% to 3% of the population aged
over 60 years [1]. The cases of the disease that begin before the age of
40 are called early-onset parkinsonism [2]. Parkinsonism or idiopathic
parkinsonian syndrome is demonstrated with four basic components:
Muscle stiffness, tremor at rest, bradykinesia and postural instability
(not caused by visual, vestibular, cerebellar or proprioceptive changes).
Parkinson's disease has a devastating effect on its patients, especially
if identified late, both in the physical-motor and psychosocial realms.

The clinical picture of this pathology, characterized mainly by
involuntary movements, has been consistently associated with lesions
on the compact part of the dark substance in the brain. Consequently,
there is loss of adhesion to this region of the brain. These dopaminergic
neurons, project to the striatum, where they are important for the
control of the information processing from the Base Nucleus to the
Thalamus and Motor Cortex. With dopamine depletion, there is
inhibition of the direct pathway and activation of the indirect pathway,
which stimulates the Internal Pale Globe and the Reticulated Dark
Substance to produce the neurotransmitter acid gamma-aminobutyric
acid (GABA). This inhibits the action of the thalamus. The inhibited
thalamus does not produce the excitatory neurotransmitter glutamate
(GLU) and there is a reduction in the activity of the motor areas of the
Cerebral Cortex, pre-motor area and supplementary motor area. Such facts
promote the triggering of the decrease in voluntary movements. There is
also the loss of the cells of the peduncle-pontine nucleus, increasing
its inhibition which disinhibits the reticulospinal and vestibulospinal
pathways. This last fact produces an excessive contraction of the postural
muscles, which are related to cholinergic deficits [3].

The muscle stiffness present in patients with Parkinson's disease is
responsible for muscle tension centered mainly at the level of the spine
and the root of the limbs [4]. Some studies suggest that musculoskeletal
pain seems to be related to the presence of muscle stiffness and
akinesia. Muscle stiffness typically affects the muscles of the neck,
arm, para-spinal or posterior leg [5]. As the involvement of the flexor
musculature is predominant, there is a change in posture that becomes
curved, with anteroflexion of the trunk and semiflexion of the limbs,
contributing to postural instability [6]. This one being responsible for most
of the falls common in patients with Parkinson's disease [7,8]. The stress
caused by sustained muscle contraction and muscle spasm can induce
the release of substances that sensitize nociceptors and generate localized
pain, which can cause circulatory deficits and nutritional impairment, as
well as affect muscle functional performance [9]. Musculoskeletal pain is
triggered by the activation of peripheral nociceptors that are sensitized by
algiogenic substances including bradykinin, histamine, potassium ions,
prostaglandins, serotonin, tissue acidosis (pH below 6.1) and substance
P. In tissues, there is a cascade of events, called neurogenic inflammation,
which consists of the attraction and activation of leukocytes, and the
activation and fibroblasts and Schwann cells that, in turn, release algiogenic
substances in the tissues that enhance the sensitization of nociceptors [10].
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Fundaments for a Theraputical Approach Involving
Negative Pressure and Laser

Pain in muscle spasm results from ischemia, which is the result
from vascular compression in stressed muscles. Increased energy
consumption under ischemic conditions results in less nutrient input
and imbalance between ATP demand and synthesis.

One of the resources used with anti-inflammatory and analgesic
action is laser therapy. Laser therapy acts in the cellular energy
metabolism, in the mitochondria respiratory chain, increasing energy
synthesis (ATP) and enabling several therapeutic effects, including
the reestablishment of the metabolic balance [11]. Among the benefits
resulting from laser therapy some can be cited: The analgesic effect
on bone, muscle and acute or chronic tendon injuries [12]. Besides,
vasodilatation and micro vessel proliferation, with possible increase
in the amount of oxygen in the tissues are also observed [13]. In
addition, there seems to be the release of cytokines that will reduce the
inflammatory reaction [14]. Some hypotheses explain the analgesic
action of laser therapy: Modulation of inflammatory processes, release
of endogenous opioids, alteration of excitation and nervous conduction
of peripheral neurons and increased serotonin synthesis[15-18]. It is
also believed that the Low Intensity Laser can generate a systemic effect
as metabolic changes occur in areas distant from the irradiated site,
due to the fact that laser therapy promotes vasodilatation and increased
blood flow and the substances are released into the blood circulation
[19].

On the other hand, to improve muscle function and metabolic
conditions the use of negative pressure is well applied. Negative pressure
normally brings circulation to the regions and it is done with the use
of vacuum. Negative pressure provides an improvement in the quality
of blood and blood circulation and, consequently, improves cellular
metabolism, allowing greater oxygenation of tissues and detoxification
of the body, with the elimination of metabolic remains and algiogenic
substances. These physiological effects of vacuum therapy contribute to
the improvement of pain, muscle relaxation and the balance of bodily
functions [20]. It is important to elaborate and implement strategies to
favor the performance of people with Parkinson's disease, in carrying
out daily activities, even in the initial stages of the disease, allowing
the maintenance of independence, reduction of functional decline and
better quality of life [21].

The combination of Laser Therapy with vacuum therapy creates
adequate conditions for a synergic effect of both together. While the
vacuum brings the essential nutrients (blood and oxygenation) for
improvement of metabolic activity, laser stimulates the bio-reaction
amplifying the effects. In a recent study carried out by our group,
we have verified an outstanding effect of the combined therapies in
Parkinson patients [22].

However, the aim of this study is to verify whether the combined
use of negative pressure and local laser therapy attenuates muscle pain
and stiffness, improving the quality of life of patients with Parkinson's
disease, this time applying the technique in a large number of patients.

Methodology

Approval and patients

This study was approved by the research ethics committee of
Santa Casa de Sao Carlos, Sio Paulo, Brazil, under number CAAE
28065419.3.0000.8148. Were selected 18 patients, subjects with
idiopathic Parkinson's disease, diagnosed by a neurologist, of both

genders, aged between 30 and 80 years, who use drugs to control
Parkinson's disease and were classified according to reports of muscle
pain and stiffness. Volunteers who did not show symptoms of muscle
pain and stiffness were excluded from the study, who were classified
according to the degree of severity of the disease, in scores 2.5, 3, 4
and 5, as well as those who use drugs or substances that can have
photosensitizing or analgesic and anti-inflammatory action, who are
undergoing treatments with high-dose anticoagulants, pacemaker
wearers, thrombosis, cancer, skin disorders. Patients were divided
into 3 groups (n=6): Vacuum Laser (n=6), Laser Therapy (n=6) and
Vacuum Therapy (n=6). To achieve the proposed objectives in this
work, a longitudinal clinical study was carried out, consisting of 6
treatment sessions, twice a week, for 3 weeks.

Equipment

The Vacuum Laser equipment (MMO - Sdo Carlos - SP - BRAZIL)
uses the technique of vacuum-therapy through the uses of chambers of
low pressure applied on the region to be treated, and simultaneously
has Laser emitters operating in either red or infrared spectrum region
(670 nm and 808 nm), composing a laser therapy. It consists of cabinet,
hand piece and suction cups or chambers for low pressure application.
Semiconductor lasers are located in the hand piece and penetrated to
the cups, illuminating the region under low pressure. The suction cups
have different sizes and are connected to the hand piece. The vacuum
(negative pressure) is generated through a double piston vacuum
pump, located in the interior. The system is presented in Figure 1.

Groups and protocols

The groups have included only the participants who are in the
stages of 1.5 and 2 on the scale of Hoehn and Yarh, with stages between
0 and 5 [23]. To assess pain, the Visual Analogue Scale - VAS was
used. It is an instrument used to check the patient's evolution during
treatment and even at each visit, in a more reliable way, being an aid in
measuring the individual's pain intensity. To use VAS, the individual
will be asked about their degree of pain, with 0 meaning total absence
of pain and 10 the maximum pain level that the patient can bear. To
assess quality of life, the Quality of Life Questionnaire for Parkinson's
disease (PSN) was used, an indicator of the individual's perception of
social, physical and emotional health. This assessment tool consists of
a questionnaire with 38 questions and two alternative answers (yes or
no) [24]. Groups and Parameters given in Table 1.

Results

The data expressed in figure 2, shows the result of muscle pain,
assessed using the Visual Analogue Scale, analyzed after the application
for the different groups (Figure 2).

Figure 2 shows the comparison between the different therapies. It is
observed that the Laser Therapy, when compared to the Vacuum Laser
Therapy does not present statistical difference. However, it is important
to note that there is a 50.3% percentage difference in this comparison.
When Laser Therapy is compared to Vacuum Therapy there is a
statistical difference (p<0.02) and when Vacuum Therapy compared to
Vacuum Laser Therapy there is also a significant difference (p <0.02),
respectively, showing a statistically significant improvement in muscle
pain in parkinsonians, compared to the isolated use of therapies.

In relation to the data obtained in figure 3, when comparing the
quality of life of parkinsonian patients after the application of different
therapies, it was observed that the comparison between Laser Therapy
and Vacuum Therapy did not show any difference statistics, although
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Therapy Parameters

Application sites consist of the paravertebral region, extending from the cervical spine to the lumbar spine and scapular
waist bilaterally in the dorsal trunk, with the application being scanned, 5 min in the right region and left region of the
cervical region and dorsal trunk. In the upper limbs, in an anatomical position, the application sites were 5 min on the arm
and five minutes on the forearm and palm. Vegetable oil was used to slide the handle with the suction cup attached. The
equipment was adjusted to the following parameters: negative pressure OFF, laser ON, 3 red emitters of 660 nm and 3
infrared emitters of 808 nm.

Laser Therapy Group

Application sites consist of the paravertebral region, extending from the cervical spine to the lumbar spine and scapular
waist bilaterally in the dorsal trunk, with the application being scanned, 5 min in the right region and left region of the
Vacuum Therapy Group cervical region and dorsal trunk. In the upper limbs, in an anatomical position, the application sites were 5 min on the arm
and five minutes on the forearm and palm. Vegetable oil was used to slide the handle with the suction cup attached. The
equipment was adjusted to the following parameters: Pulsed mode MP7 (negative pressure-200 mbr) and laser OFF.

Application sites consist of the paravertebral region, extending from the cervical spine to the lumbar spine and scapular
waist bilaterally in the dorsal trunk, with the application being scanned, 5 min in the right region and left region of the
cervical region and dorsal trunk. In the upper limbs, in an anatomical position, the application sites were 5 min on the

arm and 5 min on the forearm and palm. Vegetable oil was used to slide the handle with the suction cup attached. The
equipment was adjusted to the following parameters: pulsed mode MP7 (negative pressure-200 mbr), laser ON, 3 red

emitters of 660 nm and 3 infrared emitters of 808 nm.

Vacuum Laser Group

Table 1: Comparison of parameters of groups.

Figure 1: Vacuum-LASER, device that allows the simultaneous use of negative pressure and laser therapy on the same spot of application.
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Figure 2: Comparison of the obtained result for different groups related to muscle pain score using the Visual Analog Scale. The comparisons used Mean and
Standard Deviation. The statistical analysis used was the kolmogorov-Smirnov normality test and Anova two-way using the Tukey-Kramer post-hoc test for p
<0.05. The comparison between Laser Therapy x Vacuum Therapy (*p<0.02) and Vacuum Therapy x Vacuum Laser (***p<0.006).
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Figure 3: Comparative results for different groups using the quality of life score for the parkinsonian patients using the questionnaire of life quality for the
Parkinson Disease (PSN). The comparisons used Mean and Standard Deviation. The statistical analysis used was the Kolmogorov-Smirnov normality test
and Anova two-way using the Tukey-Kramer post-hoc test for p <0.05. The comparison between Vacuum Therapy x Vacuum Laser (**p<0.06) and Laser

Therapy x Vacuum Laser (***p<0.004).

the percentage difference of 37% is observed in this comparison.
However, when analyzing the comparison between Laser Therapy
and Vacuum Laser Therapy, a significant difference was observed (p
<0.004). When comparing the Vacuum Therapy and the Vacuum
Laser Therapy, a significant difference was found (p <0.06). Thus, it
was identified that the quality of life was positively affected with the
combined use of vacuum therapy and laser therapy (Figure 3).

Discussion

Parkinson's disease, being a chronic and progressive disease,
is incapacitating and impairs the quality of life of its patients. In
the present study, it was found that pain affects the quality of life
of parkinsonian patients, and is often more disabling than motor
symptoms, affecting 80% of patients with the disease [25]. The pain
that affects parkinsonian patients can have two characteristics:
Nociceptive and neuropathic. Nociceptive pain is the most frequent
pain with the evolution of the disease, being typically musculoskeletal
and originating from abnormal postures, stiffness and akinesia causing
motor fluctuations [26]. Neuropathic pain is a pain that originates of
injury or dysfunction of the nervous system, as a result of abnormal
activation of the nociceptive pathway (small-caliber fibers and
spinothalamic tract) and represents 14% of painful syndromes in
parkinsonian patients [27]. The neurophysiology of pain in Parkinson's
disease is poorly understood. Animal studies suggest that dopamine
probably plays a role in modulating central pain [28]. Neuroimaging
studies in humans show that pain modulation involves dopaminergic
D2 receptors [29]. These findings suggest that in parkinsonian patients,
the abnormal function of the basal ganglia directly modulates pain,
by increasing or decreasing the spread of the nociceptive signal [30].
Coriolano, et al. in their study, mapped the pain in the 24 participating
volunteers and pointed out that the rigid-akinetic group had a greater
number of regions of the body with pain [31]. The regions with the
highest percentage of pain complaints are shoulders, arms and torso.
The same found in the present study, these regions being selected, for

the application of different therapies: Laser Therapy, Vacuum Therapy
and Vacuum Laser Therapy.

Muscle stiffness leads to the onset of pain, although the causes of
Parkinson's muscle stiffness have not yet been fully clarified, but co-
contraction has been attributed, that is, to the increase in simultaneous
contraction of the agonist and antagonist muscle pairs [32]. Therefore,
in the present study, parkinsonian patients were selected, who presented
muscle stiffness and pain for the application of different therapies.
The onset of pain in the stiff muscles results from the metabolic stress
generated by the constant contraction. There is ischemia resulting from
vascular compression, resulting in less nutrient input, increased energy
consumption and imbalance in ATP production, compromising
the reception of calcium in the sarcoplasmic reticulum, a necessary
condition for muscle relaxation. In addition, localized hypoxia
stimulates the production of vasoactive substances that sensitize
nociceptors [9]. In the present study, the three applied therapies (Laser
Therapy, Vacuum-Therapy and Vacuum Laser) were effective in
reducing pain intensity in patients with Parkinson's Disease according
to the Visual Analog Scale, one of the most used one-dimensional scales
for measuring pain in clinical studies [33]. These findings are justified
by the theories surrounding the mechanism of action, of both therapies
in pain control, which when applied in a combined way, enhance the
therapeutic effects.

In the literature there are reports of two hypotheses of the action
of Vacuum Therapy in pain: The metabolic hypothesis assumes that
Vacuum Therapy decreases muscle tension activity, resulting in
decreased pain. Some studies on the application of Vacuum Therapy in
cervical pain suggest that the visible reddening of the skin in the treated
area, local vascular dilation, reports better local microcirculation and
consequently in the metabolic conditions of the muscle, promoting
its relaxation. The Neural hypothesis recognizes that Vacuum-therapy
influences chronic pain by altering the signal processed at the donor
acceptor level. It is expected that the activation of non-acceptors
by Vacuum therapy can stimulate the A-delta and C fibers, with
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involvement of via espino-thalamic. Therefore, according to Emerich,
et al. the Metabolic and Neural hypotheses may be interconnected,
since nociceptors are sensitized by metabolic factors such as lactate,
adenosine triphosphate, cytokines, among others [34].

Laser Therapy with its special characteristics provide important
therapeutic properties. According to Karu, when offering the cell a
low energy with the use of low intensity laser, as used in the present
study, it will induce a biomodulation, that is, the cell will seek a state of
normalization of the affected region [11]. The photon energy of a laser
radiation absorbed by a cell will be transformed into biochemical energy
and used in the respiratory chain, which will result in an increase in the
concentration of ATP, reflecting an increase in the cellular metabolic
process. Carnevalli, et al. in his study observed that 24 and 48 h after
laser irradiation in cells, there is an intense cluster of mitochondria in
the peri-nuclear region, there are changes in the morphology of the
mitochondria from a filamentous to granular appearance in the 72
h after proliferation and greater distribution in the cytoplasm when
compared to the non-irradiated control group [35].

In addition, the Laser Therapy, with its analgesic and anti-
inflammatory action, characterized by the high production of
B-endorphins and the control of prostaglandins, allows the reduction of
pain and muscle spasm [36]. At the same time, Laser-therapy promotes
an increase in local microcirculation, favoring the drainage of catabolic
resulting from the maintained muscle contraction metabolism. One of
the theories proposed for pain control with the use of laser therapy
suggests a systemic effect causing a decrease in the perception of pain
in the treated area, by altering the sensory input to the central nervous
system [37]. Another theory proposes that the increased circulation
induced by the irradiation of Laser Therapy leads to a greater blood
supply to cells in hypoxia, that is, an increase in the oxygen supply,
which may be responsible for breaking the pain-spasm-pain cycle
[38]. The comparison of quality of life before and after six sessions of
the application of different therapies was performed by analyzing the
results of the questionnaire on quality of life for Parkinson's disease.
This questionnaire has a high level of reliability obtained through the
test-retest (0.75-0.88) and defined validity in individuals with chronic
diseases [39]. The instrument was applied in the form of an interview
in order to avoid misinterpretation and emphasize the main question.

When correlating pain and quality of life in patients with
Parkinson's disease, we can see in Figure 3 of the present study that
quality of life was positively affected with the combined Vacuum-
Laser therapy. Still, in a percentage of 37% in comparison between
Laser-therapy versus Vacuum-therapy. With this, we demonstrate in
a scheme before and after the treatment of six sessions of combined
therapy, the relative increase in quality of life, occurring in part by the
improvement of pain and muscle stiffness, since both contribute to
the development of muscle weakness and this correlates with greater
fatigue caused by mitochondrial dysfunction in Parkinson's disease
[40]. However, it was observed that after an interval of fifteen days from
the sixth session, without the combination of Vacuum Laser therapy,
there was a return of complaints of pain and negative perception as
to quality of life, however to a lesser extent, when compared to the
treatment with the combined Vacuum Laser therapy.

Silva FS, et al. in their study observed that the greater the
impairment of the disease the greater the physical damage including
pain, which affects the perception of quality of life, and the same was
observed in this study [41]. In addition, Martinez-Martin P, et al.
considers that not only motor symptoms, including muscle stiffness,
determine the quality of life of parkinsonians, but also non-motor

ones, which compromise other dimensions of quality of life with the
evolution of the disease [42].

Conclusions

The combined application of the two therapies (Vacuum and
Laser), can be an interesting and very satisfactory alternative for
the treatment of muscle pain in patients with Parkinson's disease.
In this work, we could identify the individual contribution of
each of the elements involved (laser and negative pressure), while
the combination produces a synergic effect that goes beyond the
addition of individual contribution. Observations clearly indicate
that both had different beneficial effects in improving the level
of muscle pain and quality of life, which are extremely important
for the restoration of the function of muscle-bearers with this
pathology. We conclude that the effective management of pain,
with the use of the combined Vacuum Laser therapy, in patients
with Parkinson's disease, significantly improves their quality of
life, with pain being a little recognized and treated symptoms in
this pathology. Our analysis is in line with current thinking, which
identifies Parkinson's disease, as much more of a multisystemic
disease with non-motor symptoms than previously thought. The
advance of new therapies like the one promoted with the vacuum-
laser type can bring significant improvement for the quality of life
of the parkinsonian patients.
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