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Introduction
Fibromyalgia is a painful and chronic syndrome that causes 

disabling pain, with associated conditions of anxiety, depression, mood 
changes, sleep disorders, irritable bowel, headaches, morning stiffness, 
paresthesias, hypersensitivity, among other changes [1-3]. Considered 
a disabling disease, its prevalence is increasing, ranging in the general 
population from 0.2% to 6.6%, among women from 2.4% to 6.8%. 
Also, among the urban population, between 0.7% and 11.4% and the 
rural population, 0.1% to 5.2% [3]. All this limitation promoted by the 
symptoms of fibromyalgia, directly interfere in the patient's lifestyle, 
as well as in their daily routine, whether in the family or professional 
environment [4], causing impacts on personal, social and professional 
life, significantly reducing the quality of life of the patient and their 
family [5, 6].

Chronic pain, as one of the main symptoms of fibromyalgia, 
is directly correlated with high blood pressure [7], increasing its 
prevalence by up to 23%, although its mechanisms are not understood. 
Also, in a study carried out with newborns, it was pointed out that the 
stimulus of acute pain (blood collection) can generate an increase in 
intracranial pressure [8]. In this way, pain can generate changes in both 
blood pressure and intracranial pressure. Also, there is a correlation 
between arterial and intracranial pressures [9].

There are several treatment proposals for fibromyalgia, which are 
considered pharmacological and invasive, and non-pharmacological 
and non-invasive interventions [10, 11]. Pharmacologically, there is a 
considerable range of analgesics, anti-inflammatories, antidepressants, 
anxiolytics and anticonvulsants, all with a focus on pain and 
inflammation [10, 11]. Regarding non-pharmacological and non-
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invasive approaches, we find nutrition, physical exercise and physical 
therapy [12-16]. There is no single intervention model, often requiring 
a multidisciplinary intervention [17, 18]. However, although there are 
many treatment possibilities, there is still no cure for fibromyalgia. 
When considering the possibilities of treatment in physiotherapy, we 
can emphasize technological resources, such as therapeutic ultrasound 
and therapeutic laser, where both have analgesic and anti-inflammatory 
action. Thus, with these effects, therapeutic ultrasound also promotes 
the reduction of muscle pain, in addition, through its thermal action, 
providing a condition of vasodilation and increased signaling speed, 
due to the greater ionic permeability in tissue membranes [19]. The 
photobiomodulation process provided by the therapeutic laser also 
performs, through a photobiomodulation process of mitochondrial 
enzymes, a greater production of ATP, acting positively on cells/
tissues/organisms in a state of suppression or disease [20, 21].

However, in recent years the possibility of synergistic use of these 
technological resources in physical therapy has become a reality. This 
fact gave rise to the photosonic treatment, a treatment developed by the 
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Abstract
Fibromyalgia is a painful and chronic syndrome that causes disabling pain, that involve conditions like anxiety, 

depression, mood changes, sleep disorders, irritable bowel, among other changes. Chronic pain is directly correlated 
with high blood pressure; also, pain can generate changes in both blood pressure and intracranial pressure. There are 
several treatments for fibromyalgia, where Photonic Treatment, which combines photobiostimulation and ultrasound, 
promotes a new treatment approach, applied to the palms of the hands, enabling systemic action. The intracranial 
assessment patient was measured aiming possible intracranial changes, according to compliance in the study of 
intracranial assessment of pressure study, developed by Braincare and Innovation SA. The results were evaluated 
before and after the photosonic treatment. They were carried out through large estimates, monitoring scale non-invasive 
intracranial by analysis variables Braincare and Innovation SA. The results show an evolution in the Visual Analogue 
Scale, indicating a reduction in intracranial pressure (-70%) and in the Fibromyalgia Impact Questionnaire, indicating a 
reduction in pain (-60.4%), where inversely proportional, it indicates an improvement in quality of life. The distribution 
of the P2 × P1, a time relationship for each session performed an entropy found in the BPM analysis before treatment, 
showed significantly different. Thus, this study found variations in intracranial pressure through the action of photosonic 
treatment, pointing to a significant improvement in the patient's general condition after applications, relating variations 
in intracranial pressure with possible changes relevant to the disease. Although these results are important and guide 
new actions, more studies need to be carried out.
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Physics Institute of Sao Carlos, University of Sao Paulo, Brazil, together 
with Clínica MultFISIO Brasil [22-24]. This treatment, in addition to 
allowing the synergistic use of resources, promotes a new treatment 
approach, applied to the palms of the hands, enabling systemic action 
[22-24]. This treatment, which takes the palms of the hands as input, 
is based on structural changes that show a greater number of nerve 
endings close to the blood vessels in the palms of the hands [25], 
providing, through the conduction of ultrasonic and photonic stimuli, 
the theory of action on the normalization of the pain threshold in 
the central nervous system [23-24]. In this way, the measurement of 
variations promoted by the photosonic treatment is important and a 
step towards a better visualization of the effects of the new treatment. 
In this context, Ballestero (2017) [26] through the non-invasive 
method of measuring intracranial pressure, developed by the company 
Braincare and Innovation SA [27, 28], which allows the correlation 
of the percussion wave, due to the blood pressure that is transmitted 
from the choroid plexus to the ventricle (P1) and the tidal wave, 
related to intracranial compliance (P2), which allows the correlation 
of intracranial pressure with intracranial compliance, used in cases of 
hydrocephalus [26]. The same methodology was used in patients with 
chronic stroke [29].

The aim of this study was to evaluate a patient undergoing 
photosonic treatment, measuring possible changes in intracranial 
compliance at different times of treatment.

Materials and Methods
Approval and Location 

This study was approved by the Research Ethics Committee 
and the National Research Ethics Committee through CAAE 
13789319.5.0000.8148, following resolution 466/2012, being held at 
the Photodynamic Therapy Unit of the Santa Casa de Misericórdia de 
Sao Carlos. The project was coordinated by the Physics Institute of Sao 
Carlos, University of       Sao Paulo, Sao Carlos, Sao Paulo, Brazil. This 
study had technical support from the Clinica  MultFISIO Brazil®, Sao 
Carlos, Sao Paulo, Brazil.

Equipment and Patent

Equipment with the capability of combined emission of therapeutic 
laser and therapeutic ultrasound was used, developed by the Physics 
Institute of Sao Carlos, University of Sao Paulo and produced by the 
company MMOptics, patent number BR102014007397-3 A2.

Patient and Protocol 

Female patient, Caucasian, 46 years old, weighing 97 kg and 1.61 
m tall, body mass index 37.45 kg/m². The patient was admitted after 
excluding the diagnosis of rheumatic diseases such as osteoarthritis, 
lupus, arthritis or systemic psoriasis. The clinical picture of fibromyalgia 
was appointed by medical evaluation in 2017 (4 years). Painful 
complaints include pain in the lower and upper limbs, diffuse pain, 
in addition to fatigue, reduced muscle strength, bad sleep conditions 
potentiated by severe apnea (uses continuous airway positive pressure - 
CPAP equipment), headaches, stomach pain, irritable bowel, stress and 
depression. Due to her current condition, she finds herself unemployed. 
The patient still uses several medications, such as antidepressants, 
anticonvulsants and anti-epileptics, anxiolytics, vitamin D and folic 
acid. There is no physical exercise by the patient.

The protocol requested application on the palms of the hands, 
according to Aquino Jr, (2021) [23]. The parameters were: ultrasound 
at 1MHZ, frequency 100 Hz; Laser at 660 nm wavelengths, 100mW 

power and 60 W/cm2 irradiance. The duration of each session was 10 
minutes, with 5 minutes in each palm [23, 24]. There were 10 sessions, 
two times per week.

Questionnaire and Scale

The patient was analyzed in the initial and final condition, before 
and after each treatment session. The International Fibromyalgia 
Questionnaire and the Visual Analogue Scale were used to assess the 
patient's evolution in terms of quality of life and pain scale criteria, 
respectively [23, 24]. Data normalization was performed using Δ, 
generating percentage values, expressed in:

"Delta Value (Δ) = (Initial value - Final value) / Initial value × 
(100)"

Monitoring of Intracranial Pressure

The assessment of intracranial compliance will be performed using 
Brain4care technology, which consists of a mechanical strain gauge 
attached to a mechanical device that comes into direct contact with 
the surface of the scalp in the frontal-parietal temporal region of the 
skull. The device can detect small skull oscillations resulting from ICP 
changes, without the need for invasive or surgical procedures. The 
device used only requires placement of a sensor superficially on the 
skin of the scalp just above the ear and below the protrusion of the skull 
that is held in place by a clean, comfortable and adjustable plastic strap 
that does not pose a risk. The patient will be continuously monitored 
for signs of discomfort and, if present, the device will be immediately 
adjusted or removed [27, 28]. The assessment of intracranial pressure 
was performed in the periods of 5 minutes before the intervention, 10 
minutes during the intervention (with 5 minutes of intervention in the 
palm of the right hand and 5 minutes in the palm of the left hand) and 
5 minutes after the intervention (Figure 1). 

Statistical Treatment

Comparisons between before treatment and after treatment 
conditions were used percentage (Visual Analogue Scale, Fibromyalgia 
Impact Questionnaire, Brain Compliance, Time to Peak and BPM) 
relationships developed through the equation:

"Delta Value (Δ) = (Initial value - Final value) / Initial value × 
(100)"

Comparison between 4 stages of evaluation, before treatment, 

Figure 1: Brain4Care wireless sensor and headband.
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during treatment in the right hand (R), during treatment in the left 
hand (L) and after treatment, a statistical analysis was performed using 
Instat 3.0 Software for Windows 7 (Graph Pad, San Diego, CA, USA, 
1998). The data were expressed as mean and standard deviation. To 
analyze data normality, the Kolmogorov-Smirnov test was used. After, 
two way ANOVA with post-hoc-Tukey-Kramer was used to compare 
evolution. The level of significance adopted was p < 0.05.

Results
The present study compares the situations before photosonic 

treatment and after photosonic treatment in a patient with fibromyalgia. 
Assessments were performed using a questionnaire, pain scale and non-
invasive intracranial pressure monitoring variables through the analysis 
of intracranial pressure wave morphology Braincare and Innovation 
SA. Table 1 shows the evaluation before treatment, after treatment and 
the delta of the variation between them, generating percentage values. 
It is possible to observe the great evolution in the Visual Analogue 
Scale, and a reduction in pain (-70%) and in the Fibromyalgia Impact 
Questionnaire, indicating a reduction of (-60.4%), where inversely 
proportional, it indicates an improvement in quality of life.

Comparison performed in actions before treatment and after 
treatment, considering the variables of the Visual Analogue Scale and 
Fibromyalgia Impact Questionnaire. Values are expressed as a total 
value and percentage value, considering the Δ= ((final value - initial 
value)/ initial value × 100) (Table 1).

Table 2 allows the comparison of symptoms reported by the patient 
before treatment and after treatment. Thus, in 10 sessions, changes in 
sleep quality, stress level, headache, stomach pain, intestinal regulation 
and report of physical activity are described and positive changes 
pointed out after treatment.

Comparison performed in actions before treatment and after 
treatment in relation to changes experienced by the patient. Issues 
related to sleep quality, stress, headaches pain, stomach pain, bowel 
condition, physical activity (Table 2).

Figure 2 illustrates the variation in beats per minute (BPM), 
performed by monitoring intracranial pressure, enabling an analysis 
of the percentage difference between the highest beat and the lowest 
beat found in each treatment session. The periods of before treatment, 
during treatment in the right hand (R), during treatment in the left 
hand (L) and after treatment are observed. We can observe that in 9 of 
the 10 sessions they had a reduction in heart rate during this process. 
Session number 1 did not show enough data for analysis. The values 
are expressed in percentage, considering the Δ = ((final value - initial 
value)/ initial value × 100).

Table 3 shows the distribution of the P2 × P1 ratio, under the 
conditions of before treatment and after treatment, showing the 
average percentage between sessions, observing the change in each 
session performed. The percentage conditions of the distribution 
of the relationship in situations P2 < P1, P2 ~ P1 and P2 > P1 were 
changed, being in the before treatment condition 50%, 48.14% and 
after treatment condition 1.86%, and 32.2%, 64.1% and 3.7%.

Ratio distribution of the P2 x P1 in before treatment and after 

treatment condition in 10 sessions. The percentual values were 
distributed in P2 < P1, P2 ~ P1 and P2 > P1 (Table 3).

Figure 3 shows the assessment of Brain Compliance, in the situation 
before treatment and after treatment, for each of the 10 sessions 
performed. Values are indicated as a percentage difference between 
the highest and lowest values found in the evaluation periods before 
treatment, during treatment in the right hand (R), during treatment in 

Visual Analogue Scale Fibromyalgia International Questionnaire
Before Treatment After Treatment Δ (%) After Treatment Before Treatment Δ (%)

10 3 -70% 91 36 - 60.4

Table 1: Analysis before and after photosonic treatment according to visual analogue scale and fibromyalgia impact questionnaire.

Before Treatment After Treatment
bad sleep better sleep
high stress Did not report stress
Headache no headache

Stomachache had no stomach pain
irritable bowel regular bowel

does not do physical activity Did a 5 block walk

Table 2: Report of changes experienced by the patient before and after the 10  
treatment sessions

Relation of P Before Treatment After Treatment
P2 > P1 50% 32.2%
P2 ~ P1 48.14% 64.1%
P2 < P1 1.86% 3.7%

Table 3: Ratio distribution of the P2 × P1.

Figure 2: Evolution of BPM during 10 sessions of Photosonic Treatment.

Figure 3: Evolution of Brain Compliance during 10 sessions of Photosonic 
Treatment.
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the left hand (L) and after treatment. It is possible to observe a reduction 
in Brain Compliance in 8 of the 10 sessions held. The first session did 
not get enough data for analysis. The sixth session showed a different 
performance due to severe climate change. The values are expressed 
in percentage, considering the Δ = ((final value - initial value)/ initial 
value × 100).

Figure 4 represents the evaluation of Time to Peak, in the condition 
of before treatment and after treatment, for each of the 10 sessions 
performed. Values are described as a percentage difference between 
the highest and lowest values found in the evaluation periods before 
treatment, during treatment in the right hand (R), during treatment 
in the left hand (L) and after treatment. A reduction in Time to Peak 
is observed in 8 of the 10 sessions held, in an extremely similar way to 
Brain Compliance. Session 1 did not obtain enough data for analysis. 
Session 6 showed a difference due to severe climate change, which is 
similar to figure 3. The values are expressed in percentage, considering 
the Δ = ((final value - initial value)/ initial value × 100).

Figure 5 shows the entropy found in the BPM variation in the 
conditions of before treatment, during treatment in the right hand (R), 
during treatment in the left hand (L) and after treatment. Although 

it is not possible to measure a significant difference, a fluctuation of 
entropy is observed in the conditions previously analized, being before 
treatment (1.17), during treatment in the right hand (1.45), during 
treatment in the left hand (1.29) and after treatment (1.33). Values are 
described as a mean between the 10 sessions found in the evaluation 
periods. The values are expressed in mean, considering the 4 stages of 
evaluation: before treatment, during treatment in the right hand (R), 
during treatment in the left hand (L) and after treatment. There was no 
significant difference.

Discussion
Fibromyalgia, with all its symptoms and disabling pain, is an 

increasing disorder that impacts the personal, social, and professional 
lives of patients [5, 6]. Thus, the development of new technologies, 
methodologies and means that promote a better understanding of 
fibromyalgia are necessary so that the quality of life of people affected 
by this disease is restored. Likewise, the quantification of intracranial 
variation in a non-invasive way is a valid resource and of great 
importance in the understanding of fibromyalgia, since pain can alter 
both blood pressure and intracranial pressure, which are related [7-9].

Figure 4: Evolution of Time to Peak during 10 sessions of Photosonic Treatment.

Figure 5: Variation of Entropy according to BPM during 10 sessions of Photosonic Treatment.
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In recent years, the photosonic treatment developed by our group 
has shed new light on the treatment of fibromyalgia [22-24]. This 
treatment, with all the innovation of the synergy of ultrasonic and 
photonic resources associated with an application on the palms of the 
hands, has a high performance in relation to improving the quality of 
life and reducing pain, via a systemic effect [22-24], observed in table 
1, with an improvement of 70% in pain and 60.4% in quality of life. 
The way of applying the photosonic treatment is based on findings by 
Albrecht (2013) [25], which shows the existence of a large number of 
nerve endings close to the blood vessels in the palms, in the hypothenar 
region in fibromyalgic patients. This fact was expanded by Aquino Jr 
(2021) [23], who pointed out that the entire extension of the palms 
is influenced by the photosonic treatment, expanding the initial view 
observed by Albrecht (2013) [25]. Thus, this region, which involves 
the thenar, hypothenar and aponeurosis muscles, comprises the nerve 
endings of the common palmar digital branch of the median nerve, 
superficial branch of the radial nerve, median nerve, palmar branch 
of the median nerve, palmar branch of the ulnar nerve, digital branch, 
palmar joint of the ulnar nerve, as well as the arteries of the deep palmar 
arch and the superficial palmar arch [23].

The treatment proposal takes into account the action of ultrasonic 
and photonic waves in a synergistic way, generating the overlap of the 
therapeutic fields, where there is the action of cavitation (ultrasound), 
allowing the increase of ionic and vascular permeability, as well as the 
stimulation of angiogenesis (ultrasound and laser) [19-21]. Still, there 
is the analgesic, anti-inflammatory (ultrasound and laser) and ATP-
forming (laser) action [20-21]. In this way, in order to start promoting 
systemic homeostasis, the stimulation performed in the palms of the 
hands are absorbed and conducted by afferent pathways to the central 
nervous system. At this point, we observe the P2xP1 relation, in table 3, 
where there is a redistribution of the relation, increasing from 48.14% 
to 64.1% the P2 ~ P1 relation and decreasing from 50% to 32.2% the 
P2 > P1 relation, in data before and after treatment. When the P2 × P1 
ratio is in such a way that P2 is higher, there is a higher intracranial 
pressure than expected. The changes promoted by the treatment are 
also shown in figure 3, where the variation in intracranial compliance 
is observed during each treatment session. It is observed that in 8 of the 
10 sessions, reductions in values are obtained. It should be noted that 
session number 1 was affected by not having enough data for analysis 
and session 6 was altered due to the wind chill being reduced by 12º 
Celsius on this day. The reduction of intracranial compliance observed 
in the treatment promotes diverse effects and is key for the following 
actions.

At this point our theory expands, where elevated intracranial 
pressure should promote changes in peripheral and cerebral blood 
flow, as well as changes in pain threshold and skull base, directly over 
the vagus nerve. This negative action that generates a negative cascade is 
reinforced by the results of normalization of the pain threshold, present 
in the prefrontal cortex of the brain, shown in Table 1. Thus, there is 
a decrease in intracranial pressure (figure 3), indicated by the decrease 
in intracranial compliance and by the change in the arrangement of 
the P2 × P1 ratio (table 3). By decreasing intracranial pressure, it is 
easier for blood to reach the brain, which is indicated by the reduction 
of the variable “Time to Peak”, described in figure 4. It is possible 
to observe the similarity of figures 3 and 4, strengthening the action 
treatment as the cause of the reduction variation. This action results in 
the positive action of excitatory neurotransmitters and inflammatory 
cytokines in the cerebrospinal fluid [30, 31], as well as modulating the 
pain threshold return to normal. All the normalization carried out also 
promotes positive systemic effects.

In this way, it occurs through the action of the vagus nerve, 
located at the base of the skull, the conduction by efferent pathways 
to several important organs, such as heart, stomach and intestine. 
This fact is supported by the change in the description of symptoms 
(Table 2) and by the observed reduction in heart rate shown in figure 
2. Thus, an action occurs via the parasympathetic nervous system, 
improving conditions such as sleep, ceasing headaches and stomach 
pains, reducing stress, regulating the intestines and decreasing fatigue 
(Table 2), stimulating actions in response to calm, satiety, rest and 
digestion. There is a decrease in stress, which can also be indicated 
by the decrease in beats per minute, with a brief bradycardia, present 
in figure 2. The regulation of the system also promotes a return of 
sensitive information from these organs back to the central nervous 
system (CNS), promoting a negative feedback, preventing a greater 
reduction than necessary for the reestablishment of homeostasis. All 
this, in a positive cycle, homeostasis of metabolic abnormalities occurs, 
where, due to the improvement in sleep quality, there is a consequent 
gradual reduction in fatigue, in addition to normalizing the action of 
deep tissue nociceptors [32, 33], contributing to thermoregulation. 
Therefore, it is necessary to understand the action of entropy in living 
beings, promoted by the action of the therapeutic resources used (figure 
5). The action of entropy translates into promoting the disorganization 
of the system and consequent reorganization of it, promoting the 
transformation of the energy inserted in the living system (organism), 
causing, according to Karu (2010) [21], a positive action in the organism 
in a state of suppression or sick, generating actions and feedbacks that 
promoted systemic homeostasis. In figure 5, it is possible to observe 
the energy gradient, entropy causing disorganization, increasing the 
initial entropy from 1.17 to 1.45 and, in the sequence, the organism 
seeking homeostasis, varying these values to 1.29 and 1.33 at the end 
of the treatment, when observed the entropy in relation to beats per 
minute (figure 5). The alteration of the initial entropy shows the action 
of the energy inserted in the organism, through the physiotherapeutic 
resources, generating the absorption and consequently exchange with 
the environment (since the energy is transformed and not lost), helping 
in the homeostasis framework.

In this way, the systemic action of the photosonic treatment is 
completed, providing the body with a condition of homeostasis and, 
consequently, the return of the fibromyalgic patient's quality of life.

Conclusion
Photosonic treatment for fibromyalgia is increasingly the most 

efficient form of treatment for the patient, with systemic actions 
that promote homeostasis. The knowledge of changes in intracranial 
pressure as a possible cause of fibromyalgia anomalies sheds new light 
on the subject, in addition to strengthening this therapeutic action, 
which without pharmacological and invasive action, promotes an 
improvement in the quality of life and the possibility of return to social 
and professional normality.

Ethical approval

This study was approved by the Research Ethics Committee 
and the National Research Ethics Committee through CAAE 
13789319.5.0000.8148.
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