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Abstract

The global pandemic of Sars-Cov-2 promoted 566 million infected and more than 6.3 million deaths, around the
world. However, after infection, sequelae may appear, often persisting for more than 12 weeks, called post-COVID
19 sequelae, of systemic origin (fatigue and asthenia), respiratory (dyspnea and persistent cough), neuropsychiatric
(memory loss, imbalance, anosmia, ageusia and anxiety) and musculoskeletal (myalgia and joint pain). In this context,
new technologies and methodologies are developed for the treatment of these sequelae, often with the synergistic use
of photonic, ultrasonic and negative pressure resources. In this work, 4 cases of patients with post-Covid 19 sequelae
were gathered, from the most varied origins. They were followed up in evolution, varying the number of treatment
sessions from case to case. The treatment carried out through these non-invasive and non-drug resources (laser,
ultrasound and negative pressure) enabled the complete rehabilitation of these patients, returning their quality of life.

Keywords: Laser; Ultrasound; Suction Cup Therapy; Covid Sequelae;
Memory; Breathing

Introduction

According to the World Health Organization (WHO) [1] the
global pandemic of SARS-CoV-2 (COVID 19) was declared an
emergency situation in late 2019 and early 2020, causing about 566
million infected and more than 6.3 million deaths. deaths, around the
world (July/2022). After contagion, persistent sequelae may appear for
more than 12 weeks, being called post COVID 19 syndrome, of which
we can highlight the systemic manifestations (fatigue and asthenia),
respiratory (dyspnea and persistent cough), neuropsychiatric (memory
loss, imbalance, anosmia, ageusia and anxiety) and musculoskeletal
(myalgia and joint pain).

SARS-CoV-2 is a virus formed by structural proteins called
nucleocapsid, membrane, envelope and Spike, the latter being the
glycoprotein responsible for the entry of viral particles into the host
cell. It has two non-covalently associated subunits: S1, which binds
to angiotensin-converting enzyme 2 (ACE2), and S2, which mediates
membrane fusion by anchoring protein S to it [2]. The most common
physiological change caused by the disease COVID-19 is respiratory
[3], but there are several other changes reported, such as an increase
in the index of inflammation mediators [4]; alteration in carbohydrate
metabolism by deregulating the endocrine function of the pancreas
and worsening glycemic control [5]; changes in cardiac activity, such
as thickening of the cardiac chambers and heart failure [6]; hepatic
[6] and renal [8] failure. In addition, there are reports of neurological
manifestations secondary to the infection, such as encephalopathy,
meningitis, stroke, encephalitis, Giullian-Barré syndrome, headache,
dizziness, hyposmia, reduced level of consciousness, hypogeusia,
myalgia and myelitis [3,9,10,11]. Neurocognitive deficits were also
cited, characterized by episodic memory deficits [11].

Currently, the sequelae resulting from the post-Covid syndrome
have been highlighted as a need for new technologies for treatment,
such as photonic technologies associated with ultrasonic technology

and negative pressure, which are allowing the rehabilitation of
patients from the most varied sequels of COVID 19, such as smell.
and taste. Among the combined technologies, the association of
laser and ultrasound with the objective of analgesia and reduction
of the inflammatory process stands out, since both have vasodilating
properties generating a signaling cascade that allows greater tissue
ionic permeabilization. According to Enwemeka (2004) [12] and Karu,
(2006) [13], the use of photobiomodulation promotes several beneficial
effects such as reducing edema and the inflammatory process, increasing
analgesic effects, tissue healing, collagen synthesis and ATP production
acting in the regulation of homeostasis. The ultrasound, in turn, from
mechanical waves, promotes cavitation, greater ionic permeabilization,
analgesia and anti-inflammatory action. The overlapping of therapeutic
fields promotes a potentialization of individual resources.

Also, vacuum therapy is able to alleviate muscle tension promoting
analgesia. Studies show that the application of vacuum therapy in the
cervical region produces local redness, resulting in increased blood
circulation and muscle relaxation. In addition, the realignment of
the fibers occurs by means of the decrease in sliding pressure on the
fascia, providing relaxation of the treated region [14]. When associated
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with laser, the analgesic and anti-inflammatory condition is amplified,
increasing the benefits of the combined technique.

Recently, these new technologies have been developed by the
Physics Institute of Sdo Carlos (IFSC), University of Sao Paulo, in the
treatment of various pathologies such as arthritis [15], fibromyalgia
[16], Parkinson's disease [14], facial disorders [17], adhesive capsulitis
[18] and limb and trunk injuries [19].

The objective of this study was to follow the treatment and evolution
of 4 cases with different complexities using photonic technologies
associated with other therapeutic resources, such as ultrasound and
negative pressure, applied in a conjugated and synergistic way, thus
promoting the overlap of the therapeutic laser fields. and ultrasound
and laser and negative pressure.

Materials and methods

Case 1l

Patient male, 32 years old, Caucasian, physically active, non-
smoker, without comorbidities. He had initial symptoms of sore throat,
headache, and fatigue. He was hospitalized for 27 days, of which 21

days in the intensive care unit and was intubated for 13 days. After
hospital discharge, left leg without sensitivity, tiredness and weakness
in the legs, pain in the left foot, weakness in the hands, difficulty and
poor sleep quality, difficulty in memory and concentration, anxiety
and depression, altered sense of direction and balance, smell and taste
affected. The interventions below (Figures 1 and 2) were carried out in
a 12-session intervention.

Case 2

Female patient, 66 years old, Caucasian, physically inactive, non-
smoker, without comorbidities. He presented initial symptoms of lack
of balance, pain in the legs, forgetfulness and word exchanges. He
was hospitalized for 26 days, of which 11 days he was intubated. After
hospital discharge, fatigue and weakness in the legs, pain in the biceps
muscle when performing effort (in both arms), difficulty with memory
were reported. The interventions below were carried out (Figures 3 and
4), in an intervention of 50 sessions.

Case 3

Female patient, 77 years old, Caucasian, physically inactive, non-
smoker, without comorbidities. He had no symptoms but was low on

Intervention
Exercise/Load Initial Half Fal Evolution
Cycle ergometer 5 minutes 8 minutes 15 minutes
v1x10
Knee flexion and v3x12-2kg v3x12—4kg v1x12
extension each leg each leg v1x15
6kg each legh
Squat with isometrics . . .
d X 15 30 v'No longer feels tired and
frank
Balau.ce boa_rd X X 3x10— lkg v'Showed improvement
Proprioception 2

Lower limb strectches
30" contract-relax
method

Full hip flexion and foot pull
Crossed knees (2 sides)
Knee and hip flexion with 2 legs together
Quadriceps, Lumbar spine and posterior and lateral thigh
Gastrocnemius, posterior thigh and ankle

Figure 1: Model of intervention realized with exercises. In figure 1 is possible to observe the type of exercise and Load in initial, half and final time, characterizing a evolution

of load increment. Time of intervention of 12 sessions, one session per day.

Intervention

Equipment/Parameters Initial

Final Evolution

Ultrasound at IMHZ, frequency 100 Hz, 0.8 intensity;

v'No longer feels tired and
weakness
v'No longer feels weakness in
the hands
v"No more pain

Las:éfiu::;mld Laser 660nm, 100mW power and 60 W/em? irradiance. | v Sleep has returned to being
Jug 3 minutes (palms of hands), 2 minutes (soles of feet) restorative
v'Report of full return of

memory and concentration
v'Positive report without
anxiety and more excited

Laser/Negative Pressure
conjugated

Pulsed mode, MP7, 660nm, 4 minutes (thigh side)

v'Return of sensation

Laser

Olfactory — 808nm, 100mW, 5 minutes each nostril
Taste — 808nm. 100mW, 2 minutes each region cheeks
and tongue

v'Return of olfactory and taste
condition

Figure 2: Model of intervention realized with technology. In figure 2 is possible to observe the type of equipment and parameters used in initial, half and final time acording
to sequelae of COVID 19. Itis possible observe the conjugated action of Laser and Ultrasound, Laser and Pressure Reduction and Laser used sigulary. Time of intervention

of 12 sessions, one session per day.
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Intervention

Exercise/Load Tmitial Half Fmal Evolution
Cycle ergometer 5 minutes 10 minutes 15 minutes
Knee flexion and v3x 10— 1kg v3x12-2kg v3x12-3kg

extension each leg each leg each leg
v'No longer feels tired and
Sit and get up X 3x10 3x10 frank
v'No longer experience
Lower limb abduction X 3x10-2kg X breathing difficulties

Lower limb strectches

Full hip flexion and foot pull
Knee and hip flexion with 2 legs together

el Quadriceps, Lumbar spine and posterior and lateral thigh
Breathing Exercises difficulty level - | .. § ; ) v'No longer experience
Regiron® 0 diffiouliylevel- 0 drfeultylavel -1 breathing difficulties
Diaphragmatic 6 x10 with pause
Exercises 6219 G210 between repetitions

Figure 3: Model of intervention realized with exercises. In figure 1 is possible to observe the type of exercise and Load in initial, half and final time, characterizing a evolution
of load increment. Time of intervention of 50 sessions, one session per day.

Intervention

Equipment/Parameters

Initiag Half Final

Evolution

Laser/Ultrasound
conjugaded

Ultrasound at IMHZ, continuos mode, frequency 100
Hz, 0.8 mtensity;
Laser 660nm e 808nm, 100mW power and 60 W/cm?
nradiance. 3 minutes (palms of hands), 4 minutes (thigh
side)

v'No longer feels tired and
frank
v'No longer feels weakness in
the hands
v'No more pain
¥'Sleep has returned to being
restorative
v'Reportof full return of
memory and concentration
v'Positive report without
anxiety and more excited

Figure 4: Model of intervention realized with technology. In figure 2 is possible to observe the type of equipment and parameters used in initial, half and final time acording
to sequelae of COVID 19. It is possible observe the conjugated action of Laser and Ultrasound, Laser and Pressure Reduction and Laser used sigulary. Time of intervention

of 12 sessions, one session per day.

Intervention
Exercise/Load Initial Half Final Evolution
Cycle ergometer 3 minutes 5 minutes 15 minutes v" No longer on oxygen.
¥" No longer reports
) headache
Knee ﬂex1_011 and X 3x10—1kg 3x 10—2kg Vo more pain or
extension each leg each leg weakiiessin hanidsand
legs
Breathing Exercises ; ;
Respgi_ron ® X difficulty level — 0 | difficulty level — 1 v No longer on oxygen.
: : ; ¥" No longer reports
Dmplu‘ag;matlc 6x 10 6x10 6 x10 with pause headache
Exercises between repetitions

Figure 5: Model of intervention realized with exercises. In figure 1 is possible to observe the type of exercise and Load in initial, half and final time, characterizing a evolution
of load increment. Time of intervention of 39 sessions, one session per day.

saturation. She was hospitalized for 8 days. After hospital discharge,
fatigue, weakness, anxiety and depression were noted, as well as
memory difficulties. The interventions below were carried out (Figures
5 and 6), in an intervention of 39 sessions.

Case 4

Female patient, 60 years old, Caucasian, physically inactive,
smoker for 30 years, with daily consumption of 40 cigarettes.
She has comorbidities such as hypertension, cardiomegaly,

hypercholesterolemia, obesity, asthmatic bronchitis and chronic
obstructive pulmonary disease (COPD). Patient reports that he was not
hospitalized. He has leg pain, headache, memory difficulties, and poor
sleep quality. The interventions below were carried out (Figures 7 and
8), in an intervention of 40 sessions.

All patients underwent initial anamnesis and daily follow-up. A scale
was used for taste and smell evolution. It is observed in the exercise loads
presented in figures 1, 3, 5 and 7, the evolution of the work load throughout
the performed intervention, being individualized for each case.
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Intervention
Initial Half Final

Equipment/Parameters Evolution

v'Reported improvement in
memory

Ultrasoundat IMHZ, frequency 100 Hz, 0.8 ntensity; 10 oniger o oxyes

Laser/Ultrasound Laser 660nm e 808nm, 100mW power and 60 W/em? ) :
: e ; : g v'no more pain or weakness in
conjugated irradiance. 3 minutes (palms of hands), 2 minutes (thigh
’ . hands and legs
side). ’
Laser/Negative Pressure v'Return of sensation

: Pulsed Mode, MP7. 660mn. 4 minutes. (lateral da coxa)
conjugated

Figure 6: Model of intervention realized with technology. In figure 2 is possible to observe the type of equipment and parameters used in initial, half and final time acording
to sequelae of COVID 19. Itis possible observe the conjugated action of Laser and Ultrasound, Laser and Negative Pressure and Laser used sigulary. Time of intervention
of 39 sessions, one session per day.

Intervention
Exercise/Load Initial Half Final Evolution
Exercise/Load 3 x 1 minutes 3 x 2 minutes +'No longer fecls tired and
Full hip flexion and foot pull frank
Lower limb stretches K udl up a GRLON. alil zoft Dl - v'No longer experience
30" 1ee and hip flexion with 2 legs together breathing difficulties

Quadriceps, Lumbar spine and posterior and lateral thigh

Breathmg_ FXGIClses x Difficulty level — 0 Difficulty level —0 .
Respiron® v'No longer experience
iaphr: i i breathing difficulties

Dlapluag_;llatlc 6x10 6x 10 6 x10 with pause 3
Exercises between repetitions

Figure 7: Model of intervention realized with exercises. In figure 1 is possible to observe the type of exercise and Load in initial, half and final time, characterizing a evolution
of load increment. Time of intervention of 40 sessions, one session per day.

Intervention
Initial Half Final

Equipment/Parameters Evolution

v'No longer feels tired and
frank
v'No longer feels weakness in
the hands
v'No more pain
v'Sleep has returned to being
restorative
v'Report of full return of
memory and concentration
v Positive report without
anxiety and more excited

Ultrasoundat IMHZ, continuos mode, frequency 100
Hz, 0.8 mtensity;
Laser 660nm e 808nm, 100mW power and 60 W/cm?
nradiance. 3 minutes (palms of hands), 2 minutes (soles
of feet) e 4 minutes (each shoulder)

Laser/Ultrasound
conjugated

Figure 8: Model of intervention realized with technology. In figure 2 is possible to observe the type of equipment and parameters used in initial, half and final time acording
to sequelae of COVID 19. Itis possible observe the conjugated action of Laser and Ultrasound, Laser and Pressure Reduction and Laser used sigulary. Time of intervention
of 40 sessions, one session per day.

Results
Case 1l

Figure 9 represents the evolution of the sensitivity of smell and taste
after 12 sessions, together with case report 1. It is possible to observe
that both sequelae are restored in the period of 12 sessions, maintaining
100% recovery after one week after surgery intervention.

Figure 10 presents the initial assessment versus the final assessment
of case 1, where the sequelae are shown (on the left) and their evolution
(on the right).

Case 2

Figure 11 shows the initial assessment versus the final assessment of

case 2, where the sequelae are observed (on the left) and their evolution
(on the right).

Case 3

Figure 12 illustrates the initial assessment versus the final
assessment of case 3, where the sequelae are pointed out (on the left)
and their consequent evolution (on the right).

Case 4

Figure 13 identifies the initial assessment versus the final
assessment of case 3, where the sequelae are shown (on the left) and
their substantial evolution (on the right).
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Evolution of the treatment of Olfactory and Taste

g 100 100
00 o R 00 100
80 e
60 70
* | J\ J
40 { |
20 10 Sessions - 5 Weeks 1 Week
- - Olfactory - Taste
0
Initial Final After 1 Week

Time of Treatment

Figure 9: Representation of the evolution of the treatment for the recovery of smell and taste, carried out in 12 sessions and followed up 1 week after the intervention. The
patient's full recovery is achieved in 12 treatment sessions.

Initial Final

Left leg numbness Return of sensation

Tiredness and weakness in the legs No longer feels tired and frank

Frankness hands No longer feels weakness
Left foot drop No more pain
Sleep difficulty Sleep has returned to being restorative

Memory and concentration

Anxiety and depression

Difficulty with sense of direction

Report of full return of memory and concentration

Positive report without anxiety and more excited

Showed improvement

Figure 10: Representation of the evolution of treatment for recovery of muscle pain, muscle weakness, decreased sensitivity, difficulty sleeping, depression, anxiety,

difficulty with sense of direction, memory and concentration carried out in 12 sessions.

Initial

Final

Tiredness and weakness in the legs

biceps pain on any exertion

Difficulty with memory

Lack of sensation in the feet

respiratory difficulty

No longer feels tired and frank

no biceps pain for exertion

Does not get lost in conversations and daily tasks, in
addition to being praised by the family

Return of sensation

improvement of respiratory condition

Figure 11: Representation of the evolution of treatment for recovery of muscle pain, muscle weakness, decreased sensitivity and memory performed in 50 sessions.
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Initial

Final

Tiredness and weakness in the legs

Tiredness and respiratory fatigue

Difficulty with memory

No longer feels tired and frank

No longer experience breathing difficulties

Reported improvement in memory

Figure 12: Representation of the treatment evolution for pain recovery, muscle weakness, breathing difficulties and memory difficulties carried out in 39 sessions.

Initial

Final

leg pain

muscle pain in arms and weakness in hands

Headache

Too much forgetfulness, difficulty with memory

Needs oxygen 18 hours a day, great difficulty
breathing

no more pain

no more pain or weakness

no longer reports headache

reported improvement in memory

No longer on oxygen.

Figure 13: Representation of the evolution of the treatment for recovery of muscle pain, muscle weakness, headache, breathing difficulties and memory difficulties carried

out in 40 sessions.

Discussion

Since the beginning of the pandemic, new technologies have
emerged with the aim of promoting rapid diagnosis of the disease.
However, over time, sequelae emerged after SARS-COV-2 infection.
These new technologies and methodologies are now also aimed
at treating the sequelae from the post-infection syndrome, since
they can compromise the most varied systems of the body. These
technologies allow for the needs of the post-COVID syndrome such
as inflammatory and painful diseases, acting directly on the systemic,
respiratory, neuropsychic and musculoskeletal sequelae, seeking
to face clinical decision-making more effectively combined with
traditional rehabilitation treatment. Among these technologies, we can
mention photobiomodulation, which has been shown to be efficient
in the treatment of patients with anosmia and ageusia resulting from
the post-COVID syndrome [20,21], as well as therapies combined
with laser/negative pressure, and laser/ultrasound, promoting anti-
inflammatory effects anti-inflammatory, tissue repair, myofascial
mobilization, in addition to sensorimotor stimulation, contributing to
the improvement of the patient's clinical manifestations [14-19,22].

In this context, the synergy of resources such as laser/ultrasound
and laser/vacum, allow a new non-invasive treatment approach,
promising for the post Covid 19 syndrome. Low-intensity lasers
produce red and infrared light, which are absorbed by structures light-
sensitive, such as cytochrome C oxidase, a unit of the mitochondrial
respiratory chain. This generates an increase in electron transport,
mitochondrial membrane potential and adenosine triphosphate
(ATP) production. Ion channels are photosensitive and, by absorbing
photons, increase the concentration of intracellular calcium ions. These
processes stimulate anti-inflammatory, immunomodulatory, analgesic
and tissue repair effects [23]. Ultrasound, on the other hand, is another
non-invasive therapeutic method in which the device is composed of
piezoelectric crystals. It transforms electrical energy into oscillatory
mechanical energy using high frequency alternating currents. Waves
mechanically deform tissue molecules, leading to friction and heat
production. These thermal and non-thermal effects induce biological
responses such as muscle relaxation and, like low-level laser, tissue
regeneration and reduced inflammation [24]. Negative pressure has
the same mechanism as vacuum therapy, promoting tissue suction
through high pressure. According to Furhad & Bukhari (2022) [25], the
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pressure difference causes an increase in the blood volume superficial to
the skin and removal of interstitial fluid in the applied region, resulting
in an anti-inflammatory, immunomodulatory effect, hematological
adjustment and pain reduction [26].

However, the already established traditional rehabilitation
becomes fundamental, outlining individualized interventions, meeting
the conditions related to the patient's health, thus seeking functional
independence, quality of life, alleviating disability, improving function
and inclusion in social participation [27].

Thus, the results obtained in the treatment of sequelae related
to the post-COVID 19 syndrome, such as the loss of neurosensory
perception of smell and taste, systemic, respiratory, musculoskeletal
changes, among others [20,21] are potentiated together with the
established rehabilitation processes and the action of new combined
and synergistic technologies that rehabilitate issues of healing, analgesia
and inflammatory processes, both local and systemic [18,19,22,28].

Smell and Taste

The human organism has different types of sensations, including
smell and taste [29]. The nasal cavity is lined by the respiratory and
olfactory epithelium, where the detection of smell begins in the latter,
formed by sustentacular cells, olfactory sensory neurons, microvillar
cells, basal cells and cells of the olfactory glands, essential in the
transmission of information to the region. olfactory function of the
central nervous system [30]. Taste is detected by chemosensory
receptors known as taste buds present on the tongue, which, when
hit by food in the oral cavity, generate action potentials transporting
the taste sensation to higher level cortical taste centers. The nasal
epithelium [7] and the tongue taste buds [31] show high levels of ACE2
expression, however its physiological role in this region is not described
in the literature. As reported by Hoffman et al. (2020) [32], Sars-CoV-2
employs the ACE2 receptor as a means of entry into the host cell, being
a key determinant of the transmissibility of the virus. Therefore, it is
characteristic that patients with post-COVID syndrome have anosmia
and ageusia, which are considered neurological complications [33].
The presence of ACE2 receptors as high-affinity receptors with S1
proteins present in Sars-CoV-2, allows a process of fusion of the virus
membrane with the membrane of the target cell [2]. Therefore, it can be
said that the morphology of the cell membrane of this cell is altered. Our
hypothesis establishes that, consequently, there will be conformational
changes in cell membrane structures due to an inflammatory process
triggered by the virus, which will affect sensory receptors responsible
for smell and taste, which will not be able to perform their functions
properly. The neural receptor cells of the nasal mucosa, olfactory bulb
and lingual papillae, due to being inflamed, do not allow the entry of
molecules from the air and food that are responsible for triggering the
normal stimulus of smell and taste [34]. Physiologically, the cell seeks
to reestablish these functions through gene transcription of new cell
receptors, but because it is infected, its entire cellular metabolism is
compromised as it is replicating the viral genetic material. The results
presented in Figure 9 corroborate the hypothesis, which is reinforced
by the fact that the use of photobiomodulation causes cell homeostasis
[15], normalizing cell function. Thus, the recovery of sensations is
potentiated.

Muscle and joint pain, Paresthesia and decreased sensation
and Weakness in the upper and lower limbs

The infection caused by SARS-CoV-2 causes an imbalance in the
Renin-Angiotensin-Aldosterone System, since the virus competes with

ACE/ACE-2, causing a deregulation of the conversion of angiotensin
II to angiotensin I (1-7) [35] , causing adverse effects on the reuptake
of sodium, calcium and potassium ions in the intracellular and
extracellular environment, decreasing the polarization of nerve fibers,
making it impossible for the adequate conduction of nerve impulses to
the tissues [36].

From this, the decrease in ion traffic in potassium ion channels,
due to hypokalemia, causes muscle weakness, negatively influencing
excitation-contraction in muscle cells, reducing the capacity for
voluntary contraction36 as shown in figures 10,11,12 and 13 (left side).
Myalgias are commonly reported in patients infected by COVID 19, as
well as bone and joint disorders, which may appear as a result of the
pro-inflammatory effects present in the viral infection, where cytokines
and molecules that promote inflammatory signaling generated by the
virus, promote pathological changes in the disease. musculoskeletal
tissue which leads to the appearance of muscle and joint pain [37] as
shown in figures 10,11,12,13 on the left side.

There is a binding of the Spike protein of the SARS-CoV-2 virus to
the ACE 2 receptors, affecting the blood-brain barrier, directly reaching
the brain and cerebrospinal fluid (CSF) and may occur through sensory
and motor neuronal pathways causing demyelination and inflammatory
effects [38,39], preventing coordinated electrical conduction, among
which it causes paresthesia and hypoesthesia, symptoms present as
in Guillain-Barré syndrome and Peripheral Neuropathy, correlated
with COVID 19 infection. Both can be caused by peripheral nervous
system (PNS) injuries that consequently inflammation of the nerves
that generates a decrease in sensitivity, a sensation of numbness and
tingling in the upper and lower limbs [21].

Based on this picture, photobiomodulation and conjugated
therapies are punctual and effective in the treatment, as shown in figure
10,11,12,13 (right side), allowing homeostasis of the clinical picture and
consequent evolution of the patient. In this way, photobiomodulation
acts on the stimulation of photoreceptors, mitochondria and on the
production of adenosine triphosphate (ATP), generating an increase
in cell multiplication, which promotes healing and analgesia at the
application site. Furthermore, ultrasound, through the mechanical
action of ultrasonic waves, allows for greater ionic permeability due
to the cavitational effect, positively influencing the increase in nervous
stimulation, when applied in conjunction with laser [16]. Vacuum
therapy consists of the technique of suctioning the skin tissue in order
to increase local blood flow, generating a greater concentration of
oxygen and nutrients, stimulating anti-inflammatory and sensorimotor
effects, demonstrating the effectiveness in the treatment of patients
with symptoms arising from post Covid syndrome [21].

Difficulty sleeping, anxiety and depression, and memory and
concentration

In this context, there is a complexity. Meiese et al. (2021) [40]
reports that there are ACE2 receptors in the human brain, more
specifically in neurons and glia cells, and Desforges (2014) [41] states
that coronaviruses are neurotrophic and neuroinvasive pathogens,
which explains the neurological manifestations in patients with severe
infection by Sars-CoV-2 [42], generating the so-called “cytokine
storm”. This storm is a phenomenon caused by the deregulation of
the innate immune response in the body's defense process to fight
COVID-19 [43] and results in neuroinflammation [44] and increased
permeability of the blood-brain barrier, further favoring the entry of
microorganisms into the Central Nervous System (CNS).
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The blood-brain barrier has a neuroimmune function, controlling
the release of cytokines, and because it is affected in the infection, the
concentration of cytokines is even more deregulated in the CNS [45],
causing an increase. Neuroinflammation causes severe damage to the
CNS, such as dysregulation in the production of neurotransmitters,
immunological alteration and neuroplasticity, as well as morphological
changes in the brain [44].

In the midst of the installed inflammatory process [46], the presence
ofhistamines (a pro-inflammatory agent) is a sleep suppressor, affecting
serotonin. Sleep disorder is reported in several cases in patients infected
by COVID 19 [47], and can be explained due to the decrease in the
production of neurotransmitters, such as serotonin, and the increase in
pro-inflammatory mediators, such as histamines. In the same sense, the
increase in pro-inflammatory cytokines is directly correlated with the
pathogenesis of depression and anxiety, as well as the concentration/
production of neurotransmitters [48], especially serotonin [49].

There is a citation [11] of two clinical cases of post-Covid patients
with confirmed cognitive impairments, which also proved dysfunction
of the anterior cingulate cortex and poster - both involved in emotions,
depression, memory [50] and action decision, emphasizing that the
hypometabolism presented in this brain region are common in cases
of depression and Alzheimer's disease. Such hypometabolism may
be linked to high levels of the neurotransmitter acetylcholine in the
plasma of patients infected with Sars-CoV-2.

Thus, we enter into 3 hypotheses to explain memory changes in
post Covid 19 syndrome:

1) ACE2 is responsible for the formation of Angiotensin 1-7
through two pathways: ACE2 directly converts Angiotensin II to
Angiotensin 1-7 and converts from Angiotensin I to Angiotensin 1-9,
which with the action of Angiotensin Converting Enzyme (ACE),
is also converted to Angiotensin 1-7 [51]. Angiotensin 1-7 acts on
muscarinic-type cholinergic receptors in various tissues, such as
the brain [52]. The cholinergic system is directly related to memory
formation, since Alzheimer's disease is related to the degeneration of
the cholinergic system. In addition, therapies involving cholinesterase
inhibitors, enzymes that degrade acetylcholine, show promise in the
treatment of memory loss [53]. In this way, our hypothesis is supported
that the physiological changes in the cholinergic system caused by
Covid 19 directly influence memory loss;

2) The key to memory formation is adequate sleep, as neural
reverberation takes place in REM sleep [54]. Furthermore, in the REM
stage there are changes in neuronal activities, such as increases in
acetylcholine levels [55]. Although the neuroinflammation caused by
Sars-CoV-2 is responsible for the increase in acetylcholine in the body
[40], the infection is also responsible for sleep disorders [47]. Therefore,
our second hypothesis is that memory formation is affected in the post-
Covid period due to these patients not having regulated sleep, with no
neural reverberation in the REM stage.

3) The posterior cingulate cortex shows changes in Covid 19 [11],
and has outputs to the hippocampus, responsible for the formation
of memory and spatial notion [56]. Furthermore, memory is related
to efficient synaptic transmission [57], neurotransmitter release and
synaptic plasticity, all of which are affected by neuroinflammation as
a consequence of Covid 19 [44]. Thus, our third hypothesis is that,
by affecting the posterior cingulate cortex and, consequently, the
hippocampus through neuroinflammation, Sars-cov-2 interferes with
memory formation.

Sense of direction and balance

Hearing loss, tinnitus[58] and vertigo [59] are manifestations
reported by patients with post-Covid syndrome. Studies show
that cochlear outer hair cells undergo deleterious changes due to
COVID-19 infection, which are important in sound transmission [58].
This explains the tinnitus reported by patients.

Due to the communication between the inner ear and the nasal
cavity through the eustachian tube and the neurotropic characteristic
of the coronavirus [41], it can be said that the virus has favorable
mechanisms and means for ear infection. Depending on the site
compromised during the infection, functions such as balance and
hearing can be affected. Jeong et al (2021) [60] demonstrate that inner
ear tissue co-expresses ACE2 receptors. Knowing that the method of
cellular entry of the coronavirus is through Spike connection with the
ACE2 receptor protein. When acting in this place, hearing is affected,
and tinnitus may occur. In addition, balance (which happens because
of the labyrinthine structure of the inner ear) is also affected. There are
two possible causes of vertigo in post-Covid 19 [59] patients, which may
relate to hearing loss. Sars-cov-2 can cause microcirculation problems,
affecting the blood supply to the inner ear (labyrinth), which can lead to
hearing loss. Labyrinthitis can be caused by neurological changes, such
as focal axonal degeneration and loss of vestibular ganglion cells, which
reinforces the neuroinflammation that is the cause of this pathology.

Our hypotheses are reported as improvements in sleep deficiency
(Figure 10), anxiety (Figure 10), depression (Figure 10), memory loss
(Figure 10, 11, 12 and 13), and loss of sense of direction (Figure 10),
through the use of therapies combined with laser/ultrasound and laser/
negative pressure. Due to the mechanism of this therapy, we can say
that it acts on homeostasis in the production of neurotransmitters,
cell regeneration, inflammatory modulation in all the aforementioned
regions affected by the post-Covid syndrome. Our hypothesis is that
due to the application of conjugated laser/ultrasound therapy in the
palms of the hands, there is an increase in ion permeability promoted
by ultrasound, ATP production via photobiomodulation, in addition
to the anti-inflammatory action of both resources. These stimuli are
conducted by afferent pathways to the brain, where intracranial
pressure is regulated [61], allowing greater regulation of brain activities.
Also, there is greater cholinergic activity, allowing neuronal activity to
be more active and the reverberation of stimuli for memory formation.
Still, there is the occurrence of relaxation promoted by the stimuli,
acting as a facilitating agent for sleep, enabling the REM sleep phase.
Over time, the feelings of anxiety are overcome, reducing the level of
depression gradually.

Breathing Difficulty

In the context of reduced sleep quality, COVID 19, as a neurotropic
virus, has the neural pathways to enter the CNS as a gateway. After
reaching the brain, it generates adverse reactions that in turn
directly interfere with the stimulation of chemoreceptors present
in the respiratory center. It is possible that there is a decrease in the
ventilatory response of carbon dioxide (CO2) exerting an indirect
effect on the chemosensitive area of the respiratory center located in
the medulla, which have sensors that are sensitive to hydrogen ions
(H+) [62]. The central chemoreceptors present in the spinal cord are
responsible for most of the respiratory impulse, being able to verify
the pH concentrations present in the central nervous system that can
be caused by changes in the normality of carbon dioxide, in this way
they respond to changes in pH by sending sensory stimuli to the CNS
to stimulate breathing patterns [38].

J Nov Physiother, an open access journal

Volume 12 « Issue 10 » 1000545



Citation: Junior AEA, Rodrigues TZ, Garcia V, Simao G, Carbinatto FM, et al. (2022) Conjugated and Synergistic Therapies in the treatment of Covid
19 Dysfunction - Pain, Weakness, Parestheria, Respiratory Condition, Memory, Olfactory and Taste: Case Series. J Nov Physiother 12: 545.

Page 9 of 10

There is an interaction between CO2 and water (H20) reacting in
carbonic acid (H2CO3), which there is a dissociation of ions of H+ and
bicarbonate (HCO3-). From this, it is possible that H+ ions can cross
the blood-brain barrier activating the respiratory center. Therefore,
sleep deprivation, which can cause respiratory failure, can generate
changes in partial pressure (PCO2) in the blood from the decrease in
the sensitivity of central chemoreceptors [62].

Furthermore, alterations in the conduction of nerve impulses,
especially in the vagus and glossopharyngeal nerves, due to the
cholinergic alteration, may have a negative influence on respiratory
stimuli, which begin in the vagus and glossopharyngeal nerves, present
in the pons and medulla. In this way, the negative influence on the
respiratory condition is established.

However, our intervention showed benefits in the respiratory
rehabilitation of the cases (figures 11, 12 and 13), especially case 4,
shown in figure 13, where the patient stopped using oxygen as support,
even with the comorbidity of chronic obstructive pulmonary disease.
(COPD). Our hypothesis, in addition to the essential function of the
breathing exercises performed, is supported by the use of combined
laser/ultrasound in the palms of the hands. This use, already performed
in diseases such as fibromyalgia [16,61], promotes direct action on the
brain, through the conduction of the stimulus through the afferent
pathways. Thus, a cholinergic stimulation is performed, potentiating
the respiratory action originating in the medulla and pons, enabling
adequate inspirational stimulation via the vagus and glossopharyngeal
nerves.

Conclusion

The constant work in the development of non-invasive and non-
drug therapies, based on new technologies has allowed solid results
to be obtained, allowing, together with the patient with post-COVID
19 sequelae, a full recovery. In this way, the consolidation of new
technologies is presented at the moment of greatest need of humanity
in the present times, allowing at the same time to reduce health costs
and improve the quality of life of society.
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