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Introduction
The common carotid artery bifurcates to the upper edge of the 

thyroid cartilage. They are two (right and left) and have different 
origins: the right carotid artery originates from the brachiocephalic 
trunk, while the left carotid artery originates from the aortic artery. 
Each carotid artery divides into two, the internal and external ca 

 
rotid arteries (Figure 1) It is the carotids that palpate when we look 
for the wrists in the neck - and that the rescuers look for to evaluate 
the cardiac state of the unconscious patient. But what makes the 
cerebral circulatory system different is the famous Willis polygon. 
The internal / external arteries join in this circulatory structure at 
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the base of the brain and it is from it that virtually all the arteries 
that irrigate the brain come out. Its main functions are to balance 
incoming blood pressures in the brain and to create alternative 
ways for the blood to keep circulating, even if one of the great arter-
ies has a momentary interruption. However, if the pressure drops, 
the irrigation of the brain is compromised, or any of the great arter-
ies fail, the unconsciousness is quickly generated. Unconsciousness 
is one of the mechanisms that the brain has to protect itself from 
poor blood supply, as it leads to imbalance; and being lying down 
ensures easier blood supply to the brain as well as reduced brain 
activity and thereby reduces the needs for blood and, of course, for 
glucose and oxygen. From the polygon of Willis, there are several 
arteries that penetrate deep into the brain, in both hemispheres, 
ensuring the formation of cerebrospinal fluid. It is the cerebrospi-
nal fluid that delivers nutrients to the nerve cells in the brain and 
spinal cord, which means that the system that irrigates the brain 
is also responsible for nourishing the spinal cord. Another aspect 
to mention is that the cerebrospinal fluid is a filtrate of blood that 
reaches the brain, a kind of membrane, which creates the so-called 
blood-brain barrier, protecting the brain from toxic substances that 
may circulate in the blood.

Figure 1: Arterial Vascularization of Head and Neck. Source: 
Institute of Biomedical Sciences, USP Department of Anatomy 
Profa. Dr. Gabriela Placoná Diniz.

The internal carotid artery does not emit cervical branches and 
penetrates the skull through the carotid canal. The posterior part of 
the brain is irrigated by the vertebral artery (branch of the subcla-
vian artery). The external carotid artery is related to muscles and 
nerves - sternocleidomastoid, digastric, hyoid-style, hypoglossal 
nerve, submandibular gland and angle of the mandible [1].

The main branches of the external carotid artery are:

Upper thyroid artery: thyroid gland and larynx;

Lingual artery: muscles of the tongue, floor of the mouth, sub-
lingual gland;

Facial artery suprahyoid muscles, lower and upper lip;

Occipital artery: occipital region, posterior belly of the digas-
tric;

Posterior auricular artery: external ear, parotid gland;

Ascending pharyngeal artery: pharynx;

Surface temporal artery: parotid gland, parotid duct, temporal 
region, frontal region;

Maxillary artery: dura mater, mastication muscles, teeth, palate.

The external carotid artery supplies most of the soft tissues of 
the head. It emits collateral branches during its ascending course 
and at the height of the neck of the jaw it emits its terminal branch-
es.

The external carotid artery emits collateral branches, such as:

Lingual artery: has several ramifications to irrigate the tongue;

Deep artery of the tongue;

Dorsal branches of the tongue;

Sublingual artery;

Supra-hyoid branches;

Facial artery: It is covered only by the skin and the platysma 
muscle. It is accompanied by the facial vein and the vessels are 
crossed with the marginal branch of the facial nerve jaw. Because 
they are very superficial, they can be easily injured directly by trau-
ma and also during incisions, such as those made to drain odonto-
genic abscesses in this region;

Submental artery;

Ascending palatine artery;

Lower labial artery;

Upper labial artery;

Angular artery;

Maxillary artery: supplies the irrigation of the deep regions of 
the face, including the upper and lower teeth;

Middle meningeal artery - irrigates the dura mater and trigem-
inal ganglion;

Lower alveolar artery - dental and peridental branches and mi-
lo-hyoid branch;

Mental artery;

Anterior deep temporal artery;

Posterior deep temporal artery;

Masseric artery;

Oral artery;

Posterior superior alveolar artery;
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Infraorbital artery;

Sphenopalatine artery - terminal branch (pterygopalatine fos-
sa);

Major, minor and descending palatine artery - irrigation of the 
posterior part of the palate;

Superficial Temporal Artery:

Transverse artery of the face;

Front branch;

Parietal branch;

Terminal branches of the external carotid artery involving ATM:

Maxillary artery;

Superficial temporal artery;

Lower alveolar artery.

Figure 2: SP (ECT images showing increased cerebral blood 
flow comparing post-ILIB images with basal, nonirradiated 
results. (a, b) SPECT transverse magi used to calculate the 
increase in blood flow in selected regions of interest (ROIs - 
see also Table 1) of the brain: ROI 1, right base nuclei; ROI 2, 
posterior lobe. (c,d) Sagittal image (upper left) and a complete 
series of cross sections showing increased post-ILIB blood flow.

The biomedical effects of low-power LASER irradiation are 
evolving in several health areas in a universal way. Some benefits 
such as immunosuppression-immunostimulation, autoimmune 
disease and nerve regeneration are evidencing new multidiscipli-
nary nuances [2,3]. Basic physiological effects and mechanisms of 
low-intensity LASER are notorious and redundant in several rand-
omized trials with excellent results in the areas of collagen metabo-
lism, healing, inflammation and pain control (Figure 2). The clinical 
applications resulting from these studies at a cellular level are gen-
eralized and include several therapies that involve the treatment of 
ligament and tendinous lesions, bursitis, arthritic disease, wound 
healing, acupuncture, punctual therapy and pain control in general 
[4]. It should be noted that this functional action of carotid trans-

dermal LASER (Figure 3) needs to be accompanied by individual-
ized protocols, type of chemotherapy and / or stage of the chemo-
therapy cycle, associated medications, capillary glycemia (DM2) the 
use of a hormone blocker is monitored in the trans-operative by 
oximetry, since oxyhemoglobin loading allows the measurement 
of the level of perfusion and control of bradykin in the more pe-
ripheral regions of the body [5]. This process of Carotid Irradiation 
under the criteria of Individualized Medicine (personalized proto-
cols) allowed this hospital unit (Cancer Hospital of Ribeirão Preto / 
SOBECcan) by photobiomodulation eradicated 641 days ago (as of 
this date) the cytotoxic injuries of the oropharyngeal region, among 
such as mucositis, and stabilization of the oral microbiome, which 
contribute to the reduction of morbidities, an improvement in the 
emotional state and the overall health of these patients.

Figure 3: Anatomical location of the primitive carotid artery 
through the cervical collar provided by Dr. Luciana Rodrigues 
Chaves Meirelles. Source: Hospital of Cancer of Ribeirão.

Dysgeusia is variably defined as an abnormality harmful to 
taste sensations, which causes unpleasant alteration of the taste 
sensation, or a distortion or perversion of the sense of taste. It can 
be described as bitter, metallic, salty or unpleasant taste. Dysgeusia 
is closely linked to changes in taste. Flavors provide sensory infor-
mation related to sensory pleasure and these sensory functions are 
directly affected by cancer therapies [6]. These changes in taste in 
patients with cancer are prevalent problems due to the malignancy 
itself or to the therapeutic interventions that affect the daily quality 
of life of these patients and may lead to malnutrition, weight loss 
and, in severe cases, significant morbidity [7,8].

Dysgeusia is clinically evaluated by measuring the detection 
or recognition threshold values for the five palates: sweet, bitter, 
acid, salty and umami (the taste of protein-rich foods), either by 
the application of filters paper impregnated with various concen-
trations of basic taste) or, in the laboratory environment, with the 
use of an instrument called elegerígio. These qualitative changes 
are reported through patient complaints, interviews, and clinical 
observations [9].

This sensory system in cancer patients is orchestrated by nu-
merous exogenous and endogenous factors that interact with one 
another. Faced with this, these factors are responsible for abnor-
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malities of taste and odor due to this interconnection. However, 
such damage to sensory receptor cells is abnormal, but the etiology 
of these is related to the neuronal activities causing taste and odor 
abnormalities in these patients. And according to contemporary 
scientific research, these disorders are probably multifactorial. 
But it is conclusive by many authors that oncological therapies can 
cause taste disturbance with the destruction of taste receptors. 

And this cellular damage may manifest in three ways:

a)	 a decrease in the number of normal recipient cells, 

b)	 cell structure change or receptor surface changes, and 

c)	 interruption in neural coding.

Oncoterapeutic agents kill cells with high rates of rotation. Can-
cer treatment can also affect neuronal activities as well as recep-
tor cells. In addition, hormonal drugs help damage neuronal cells, 
thereby modifying the afferent pathways that trigger the taste. Re-
cent research has indicated that lipid peroxidation of oral epithe-
lial cells may contribute to the production of carbonyls that cause 
a metallic taste sensation. Many of these drugs have bitter-tasting 
compounds that can enter the mouth through the plasma crevicu-
lar fluid or may diffuse capillaries to the back of the palate. Final-
ly, the importance of the subject and reflexive noxiousness is that 
the tamoxifen - anastrozole hormone blockers can compromise 
the pleasure produced by the taste through the formation of con-
ditioned aversions, which makes this pleasure of feeding, a “nasty” 
and worrying action.

The Conference on Oral Complications of Cancer Therapies and 
the publication of the National Cancer Institute have guided the 
multidisciplinary class to clinical recommendations to minimize 
the formation of conditioned palatal aversions [10].

It is important to note that since the 1980s there has been a 
dramatic increase in the number of research involving infection 
and cancer. The results of such research have made cancer today 
eminently regarded as a host disease and environmental factors, 
which together are capable of altering various aspects of cellular 
metabolism by making the affected cells more competitive in terms 
of rate of replication, reduction of apoptosis, resistance to thera-
pies, and with greater invasiveness and colonization. However, sev-
eral articles have shown that infectious agents should play a central 
role in about 20% of neoplasias [11,12], which is based on types of 
cancer with known infectious etiology such as cervical, hepatic and 
gastric cancer [11]. There are sites in the human body, including 
the entire aerodigestive tract, where the contact with the external 
environment is greater, making the direct role that the microbiome 
has on these more prominent sites. Among these body regions, the 
intestine and the “oral cavity” have the highest and second highest 
microbial diversity, suggesting that the study of the relationship 
between these microorganisms and other regions of the body may 
contribute to the greater knowledge about their relationship caus-

al or not) with the development of diseases caused by infectious 
agents, including cancer [13]. The installation of dysgeusia in the 
oral cavity allows the patient a physiological decrease in the im-
mune system, which corrupts the rest of the stomatognathic system, 
through the potentiation of the microbioma that plays a key role 
in metabolism, inflammation and immunity. contribute to carcino-
genesis. To date, there are some hypotheses for bacterial-mediated 
carcinogenesis mechanisms, such as the activation of Toll-like re-
ceptors, bacterially derived genotoxins, bacterial virulence factors, 
and carcinogenesis affected by microbial metabolism [14]. While 
the microorganisms present in the various mucous membranes of 
the body can become part of the tumor microenvironment, other 
microorganisms can invade the cells, becoming intratumoral, re-
sulting in tumor growth through different pathways [15].

Alternatively, the “oral microbiome” initiates the breakdown 
of dietary elements and produces pro-carcinogenic agents [16]. 
In a recent analysis of microorganisms found in the mucosa oral 
healthy, a large number of microorganisms capable of producing 
high amounts of acetaldehyde from ethanol [16] have been demon-
strated, a fact of concern regarding the carcinogenic properties of 
acetaldehyde, as well as the positive association between alcohol 
and certain types of cancer.

Thus, it is now recognized that the microbiota contributes to 
carcinogenesis in three broad ways:

a.	 Altering the balance between death and proliferation of 
host cells;

b.	 acting on the balance of the immune system; and

c.	 Influencing the metabolism of several substances, being 
able to generate pro - or anti - tumor substances [17]. 

Hence the importance of the balance of oral cavity functional-
ities for the stabilization or regression of carcinogenic conditions. 
According to the latest data from INCA (National Cancer Institute 
- Brazil), 40.5% of patients on oncological therapies present dys-
geusia and the proposed conventional treatments refer to the nu-
tritional orientation:

a.	 To make the patient aware of the need to eat, despite dys-
geusia and dysosmia;

b.	 Encourage more pleasurable food intake;

c.	 Increase diet fractionation and reduce volume per meal, 
providing 6 to 8 meals a day;

d.	 Modify the consistency of food as acceptance, blending it 
when necessary;

e.	 When necessary, use nutritional supplements with flavor-
ings and aromas;

Guide the patient to:
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a)	 Prepare visually pleasing and colorful dishes;

b)	 Remember the taste of food before eating them;

c)	 Give preference to foods with stronger flavors;

d)	 Use herbs and condiments in the preparations, obtaining 
significant results in the medium and long term.

However, as regards the alteration of the oral microbiome, 
the involvement may reach 76% of the patients submitted to on-
coterapias, and the global literature proposes the use of chlorhex-
idine-based mouthwash at 0.12% to maintain the balance of the 
flora. I would add that according to data from the Brazilian Hos-
pital Nutrition Evaluation Survey (Ibranutri), it was found that the 
malnutrition rate in cancer patients is almost three times higher 
than that of other hospitalized patients, reaching 66.3% against 
42.9%, and the global incidence is estimated at 85%, and much of 
this lack of appetite is due to the alterations of the oral microbio-
ma and dysgeusia leading patients to a decrease in general health 
that may lead to death. And, according to the epidemiological sense 
of the Ministry of Health (2015), 54.2% of patients abandon the 
conventional treatments proposed above, negatively impacting the 
cure rate of the disease. In contrast, the proposal to study this new 
protocol of photobiomodulation constitutes a topical, non-invasive, 
low-cost, non-side-effect, which may provide a short / medium 
term response to sensory responses of the taste buds and regular-
ization of flora buccal, impacting the multidisciplinary therapies 
proposed in oncology.

Figure 4: Physiology of the palate. Source: Prof. Phd Maria 
Goretti, University Coimbra, PT.

The hormones used in this Hospital, as a reference to “Breast 
Cancer”, impact on changes in the taste of food and change in oral 
flora leading these patients to reduce interest in food, which leads 
to decreased intake, resulting in nutritional deficit and weight loss. 
I reiterate that countless studies report on the side effects of hor-
mone therapy and that high index of patients presents complaints 
of changes in taste. This is because the cytostatic agents are secret-
ed in the saliva or they can diffuse in the plasma into the oral cavity, 
besides the Central Nervous System (Figure 4) that promotes the 
maintenance of the stimuli of the palate by contacting directly with 

taste receptors. An important etiology seems to be the inhibitory 
effect of the agent’s cytostatic effects on receptor cell mitosis, since 
in many patients, changes in taste resolve late when cell turnover 
is restored. Studies suggest that these drugs initially mentioned are 
associated with sensory alterations of the palate, however, compar-
ative studies between the different agents and their impact on the 
alterations are scarce. Dysgeusia may persist after elimination of 
the drug by injury to the taste buds. While some studies show that 
changes in taste can start right after the start of treatment others 
show that they can start within ten weeks. During the cycles of these 
drugs the duration of this dysfunction can be from hours to weeks. 
And post-term chemotherapy and hormone-onset alteration may 
last up to a year, but there are cases “in this hospital” detected by 
the oncology dentistry department of patients who were 4 years 
old under dysgeusia dysfunction.

It should be reiterated that the preponderant function in these 
target protocols is to minimize this cytotoxic effect caused by these 
drugs against the side effects caused in the oral cavity through the 
low-cost and non-invasive photobiomodulator system, avoiding 
the imbalance of the buccal flora and destabilization of the sensory 
function of the palate.

Discussion
The increase in carotid artery flow after a Low Intensity La-

sertherapy session was detected after irradiation on one side of 
the neck in 12 human patients, with increased blood flow on the 
irradiated side (63%) and increased cross-sectional diameter of the 
external carotid artery (69%) as objectively evaluated with color 
Doppler flowmetry [18]. Interestingly, on the non-irradiated side, 
blood flow and transverse volume (71% and 52%, respectively) 
were also observed, so that the blood flow on the non-irradiated 
side actually increased to a greater extent than on the irradiated 
side. These changes persisted for more than an hour before they 
began to fall back to the basic readings. Single photon emission to-
mography (SPECT) is a diagnostic technique by which a tracer of 
radioactive isotopes, the radionuclide, is injected into the individ-
ual. A camera-based scanner captures three-dimensional real-time 
tracer images in the cerebral arteries, and a computer image is then 
able to describe changes in 3-D or 2-D cerebral blood flow in any 
airplane.

Shows SPECT images compared between the onset and after 
a Low Intensity LASER session in the same patient (Figure 2) In-
creased cerebral blood flow was clearly visible throughout the 
brain after ILIB, both in the transverse (Figure 2a & Figure 2b) and 
sagittal (Figure 2c & 2d) planes. Table 1 shows the computer-calcu-
lated rate of increase of blood flow in two regions of interest (ROIs) 
of the brain compared between baseline and post-ILIB images.

This radiation emitted by Low Power LASERS (LBP) has 
demonstrated analgesic, anti-inflammatory and healing effects and 
is therefore widely used in the tissue repair process due to the low 
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energy densities used and wavelengths capable of penetrating in 
tissues [19]. Photobiomodulatory therapy performed at the Hospi-
tal of Cancer of Ribeirão Preto (16 female patients, resulting from 
Cancer, primary site of breast), the use of the cervical collar (an-
atomical positioner) in the primitive carotid artery was used for 
the application of transdermal phototherapy low-intensity (ILIB 
modified), red irradiance, EC device (DMC), net power emitting 
red LASER: 100 mW ± 20%, red LASER wavelength 660 nm ± 10 
nm, continuous flow of 10 minutes which equals 60 JOULES total 
per session, periodicity of 1x per week, from October 2018 to April 
2019, which produced significant data collections to the primary 
/ biochemical (Table 2) and secondary / clinical effects (Table 3).

Table 1: Rate of cerebral blood flow increase in selected regions of 
interest (ROI) at baseline and after ILIB, as monitored by SPECT.

Table 2: Reference values of the markers in the range
*TGO 5 to 40 u / l URÉIA 15 to 45 mg / dl PLATELETS 150,000 to 
350,000 mmm³
*TGP 7 to 56 u / l NEUTROPHIL 1600 to 8000 mmm³ CA 15-3
The primary (biochemical) effects observed were better when applied 
to cervical ILIB therapy.
ILIB MOD. Patients: Intravascular Laser Irradiation of Blood transder-
mic in the primitive carotid artery.

Currently, this Low Intensity LASER (LBI) is being used for the 
overall recovery of the patient in several specialties of the health 
area; and their responses are considered to be beneficial [20,21] 
in a variety of different modalities, due to their multifactorial effect 
[22]. Specifically, this mechanism when triggered in the craniofa-
cial region is related to “neuronal repair and in neurogenesis, “not 
only in the formation of new brain cells but also in” synaptogenesis, 
“which is the formation of new connections between existing brain 
cells.

Therefore, the systemic and localized conditions during cancer 
treatment therapy contribute to the reduction of sensory capaci-
ty of the palate, causing transient or definitive dysgeusias, and in 
this niche of patients who use chemotherapeutic drugs and hor-
mone-blockers these functions are altered often with a negative 
influence on organic and emotional well-being.

However, when it acts at the cellular level, low power LASER 
causes biochemical, bioelectric and bioenergetic modifications, 
influencing the increase of metabolism, cell proliferation and mat-

uration, the amount of granulation tissue and the decrease of in-
flammatory mediators, stimulation of Neural checkpoints induce 
the production of hormones produced by neural endorphins - do-
pamine - serotonin - oxytocin, and the healing process [23,24]. And 
when the molecule is absorbed by light, it allows an increase in cel-
lular metabolism, characterized by stimulation of photoreceptors 
in the mitochondrial respiratory chain, alterations in cellular ATP 
levels, release of growth factors and collagen synthesis [25].

Table 3: Systemic infections caused by oral microorganisms Lotufo 
RFM, Pannuti CM – 2004.

Infective Endocarditis

Estreptococos bucais

E. corrodens

A. actinomycetemcomitans

M. micros

Bacteremia

Estreptococos bucais

P. gingivalis

Enterobacteriaceae

Cândida sp.

Sepsis A. actinomycetemcomitans

Brain abscess A. actinomycetemcomitans

Respiratory infections

A. actinomycetemcomitans

Enterobacteriaceae

Staphylococcos

Oftalmoplegia A. actinomycetemcomitans

Intra-abdominal infections P. gingivalis

Otitis media suppurative P. gingivalis

Vaginal infections M. micros

Chronic conjunctivitis M. micros

Endoftalmite A. actinomycetemcomitans

Ovarian tube abscess P. gingivalis

This ILIB adjuvant function triggers an antioxidant system com-
posed of enzymes, the main metallo-enzyme superoxide dismutase, 
or SOD ZnCu, is the largest antioxidant [26] we have and fifth vol-
ume enzyme in the human body. However, according to a recent re-
view, evidence suggests that the enzymes catalaseperoxidase and 
ceruloplasmin also absorb red LASER which potentiates other en-
zymes, which obviously further increases the antioxidant property 
of these enzymes when irradiated in the ILIB process. Therefore, 
these therapeutic effects of light elucidate elucidate the side effects 
caused by the chemotherapeutic and hormone therapy cycles.

In the last three years, the oncological dentistry department of 
the Ribeirão Preto Cancer Hospital has investigated issues related 
to the use of low intensity LASER (photobiomodulation) for the re-
covery of dysgeusia that cause a relevant impact on the control of 
the oral microbiome, reflecting the reductions in xerostomia, hy-
posalivation, viral-fungal-bacterial infections and gradual return of 
palatal function that contribute in a timely manner to the reduction 
of the development of diseases associated with oncological treat-
ments. Note that the authors (Table 3) identified a number of path-
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ogens related to systemic diseases [27], showing the diversity of the 
oral microbial, opening space for colonization by microorganisms 
in other organs that in an analogical way may have an impact on the 
effect of carcinogenesis by producing carcinogenic agents potent 
Studies have recently revealed that the oral microbiome in cancer 
patients have a bacterial sensitivity and specificity above 90% [28].

Adjuvant functions of the LASER trigger an antioxidant system 
composed of enzymes, the main metallo-enzyme superoxide dis-
mutase, or SOD ZnCu is the largest antioxidant [26] we have and 
fifth volume enzyme in the human body. However, according to a 
recent review, evidence is enzymes catalase peroxidase and ceru-
loplasmin also absorb red LASER which potentiates other enzymes, 
which obviously further potentiates the antioxidant properties of 
these enzymes when irradiated in this process [29]. These thera-
peutic effects of light can minimize the side effects caused by onco-
terapies and the importance of the topic related to dysgeusia and 
its systemic reflexes from the microbioma of the oral cavity, it is 
interesting to elucidate that the main attention of the patients is the 
healthy longevity, which treated preventively or at other stages of 
the disease establishment, will have a considerable quality of life, as 
well as promote carcinogenic reduction of the tumor (any organs), 
balance of the microbiota, reduction of free radicals and increase of 
the blood supply in the craniofacial region.

The researches of the Photobiomodulation and the microbioma 
of human cancer appear as areas of extremely relevant and current 
research, within a multiprofessional context and reduction of mor-
bidities.

Conclusion
Both subjective evaluation of objective tests, there is clearly an 

increase in local cerebral and systemic blood flow after ILIB carotid 
procedures (cervical collar) with pain relief (Behavioral Scale pain 
Rancho Los Amigos), improvement of biomarkers (blood count 
complete with platelets, Ca15-3), balance of the oral microbiome, 
reduction of dysgeusia (universal palate scale), control of arthral-
gias in the first months (Graph 1) and sensation of well-being. Be-
sides oropharyngeal balance this therapy enabled patients with 
lower liver risk control transaminase (SGOT / SGPT), and other sys-
temic complications buoyed by urea, neutrophils and platelets that 
remained at a good level. CA15-3 remained at low levels reducing 
the possibility of cancer recurrence. The group that did not receive 
the hormonal medication had a good response, and the groups that 
underwent hormonal therapy (Table 2) obtained results that were 
lower but relevant for reducing morbidities. The increase of the 
parasympathetic control is one of the main reasons suggested and 
would tend to be verified by the objective thermography, the Dop-
pler flow meter and the SPECT evaluation (Figure 2). In addition to 
the verification of imaging findings in world literature, it should be 
reaffirmed that efficacy is demonstrated in the clinical / laboratory 
responses, in the pre-trans-post stages of cervical LASER applica-

tions and control groups during the last 2 years of protocols trans-
dermal arteries in the region of the primitive cervical carotid artery 
mentioned in the text, causing promising impacts in this universe 
and expressive suspension of many intercurrences. The biological 
restoring these individuals in laser therapy and consequently re-
turning to social life is mediated by clinical and laboratory func-
tions through continuous monitoring of biomarkers, primary and 
secondary effects triggering a collective welfare in the harvest can-
cers.
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