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Abstract 

 

Objectives: To stop the neurodevelopmental delay of a six-

month-old pediatric patient through the application of 

Neurohabilitation Therapy. To analyze the evolution with 

early detection, adherence to treatment and the 

participation of the baby's family nucleus, for the 

improvement of his neurodevelopment. To demonstrate 

the efficiency of the application of Neurohabilitation 

Therapy in six-month-old pediatric patients. 

Methodology: Type of study: quasi-experimental 

descriptive study with quantitative approach and 

prospective longitudinal design. Contributions: The 

treatment was efficient to stop neurodevelopmental delay, 

negative responses were obtained in 3/3 reflexes at spinal 

level, 8/8 reflexes at brain stem level, in automatic 

movement reactions 2/3 negative responses and 1/3 

positive response. According to Amiel Tison's 

neurological examination of the 1st year of life, scores of 

0 were obtained in cranial growth, relational life, passive 

tone, motor skills and primary reflexes, indicating that the 

infant's neurodevelopment is normal according to age. 

 

 

Early intervention, Neurohabilitation therapy, 

Neurodevelopment 

Resumen 

 

Objetivos: Frenar el retraso del neurodesarrollo de un 

paciente pediátrico de seis meses de edad a través de la 

aplicación de Terapia Neurohabilitatoria. Analizar la 

evolución con la detección temprana, la adhesión al 

tratamiento y la participación del núcleo familiar del bebé, 

para la mejora en su neurodesarrollo. Demostrar la 

eficiencia de la aplicación de Terapia Neurohabilitatoria 

en paciente pediátrico de seis meses de edad. Metodología: 

Tipo de estudio: cuasi experimental de alcance descriptivo 

con enfoque cuantitativo y diseño longitudinal 

prospectivo. Contribuciones: El tratamiento fue eficiente 

para frenar el retraso del neurodesarrollo, se obtuvieron 

respuestas negativas en 3/3 reflejos a nivel espinal, 8/8 

reflejos a nivel de tallo cerebral, en reacciones de 

movimientos automáticos 2/3 respuestas negativas y 1/3 

respuesta positiva. De acuerdo con la exploración 

neurológica del 1° de vida de Amiel Tison se obtuvieron 

puntuaciones de 0 en crecimiento craneal, vida relación, 

tono pasivo, motricidad y reflejos primarios, lo que indica 

que el neurodesarrollo del bebé es normal conforme a la 

edad. 

 

Intervención temprana, Terapia neurohabilitatoria, 

Neurodesarrollo
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Introduction 

 

Neurodevelopment is defined as the process of 

acquisition of maturational skills in the child and 

is determined by biological and environmental 

aspects in constant interaction. It corresponds 

both to the maturation of nervous structures and 

to the learning produced by the child as he 

discovers himself and his environment (Oliva, 

2020).  

 

The central nervous system develops 

from the first weeks of gestation, a process 

influenced by multiple organic, social and 

environmental factors. Postnatal social 

experiences arise from the relationships that the 

child establishes from an early age with the 

community and culture where he/she lives, have 

a strong impact on the developmental process 

and should be considered as transcendent in 

pediatric practice (Oliva, 2020).  

 

The assessment of developmental 

milestones in the child is important as it allows 

estimating that brain development is occurring 

within an appropriate framework, therefore, it is 

very important to know the minimum 

developmental assessment parameters for each 

age (Medina, 2015).  

 

Worldwide 162 million children did not 

reach a full development of their abilities, in 

Mexico mild neurodevelopmental delay 

occurred in 32.1%, moderate delay in 21.9% and 

severe delay in 17.2% in a sample of 37,495 

children between 11 and 13 months of age 

(Avila, 2018).  

 

Currently, in Mexico, 20% of all 

disabilities are related to neurological problems 

caused during or around birth (Fundación 

UNAM, 2020).  

 

That is why the present project exposes 

the clinical case of a six-month-old pediatric 

patient with neurodevelopmental delay, a 

physiotherapeutic treatment based on 

Neurohabilitation Therapy and use of textures of 

the Rood Method was used to normalize muscle 

tone with the aim of reducing the delay in his 

neurodevelopment. Neurohabilitation is a 

therapeutic diagnostic method that is used early 

during the first postnatal months and is 

recommended mainly in infants exposed to 

prenatal and perinatal risk factors that may 

develop brain damage.  

 

It is mainly based on the development of 

the nervous system and the plasticity of the 

immature brain that allows through physical 

examination the diagnosis, treatment and clinical 

follow-up to minimize the manifestation of brain 

injuries of perinatal origin (Barrera, 2010). 

 

Methodology 

 

A quasi-experimental study of descriptive scope 

with a quantitative approach and prospective 

longitudinal design was carried out. 

 

Study area  

 

Universe: Comprehensive Rehabilitation Center 

of Hidalgo (CRIH). Population: Multiple Early 

Multiple Stimulation Area. Sample: 6-month-

old pediatric patient with neurodevelopmental 

delay. 

 

Results 

 

The application of Neurohabilitation Therapy in 

a 6-month-old pediatric patient as a treatment for 

retardation was efficient obtaining the following 

results: negative responses in 3/3 reflexes at 

spinal level and 8/8 reflexes at brain stem level, 

in automatic movement reactions 2/3 negative 

responses and 1/3 positive response.  

 

According to the neurological 

examination of the first year of life by Amiel 

Tison, which evaluates five criteria, he obtained 

code 0 in cranial growth, relational life (alertness 

and attention, visual tracking, excitability), 

passive tone, motor skills and primary reflexes, 

which indicates that the neurodevelopment of 

the baby is normal according to the age of the 

patient.  

 

It is of utmost importance the continuity 

of therapies and the participation of the family 

nucleus. 
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Annexes 
 

Reflexes Initial 

assessment (6 

months) 

Final 

assessment (7 

months) 

Spinal level 

Flexor 

retraction 

Positive Negative 

Reflex 

extension 

Positive Negative 

Cross extension Positive Negative 

Brain stem level 

Asymmetric 

neck tonic 

Positive Negative 

Symmetric 

neck tonic 1 

Positive Negative 

Symmetric 

neck tonic 2 

Negative Negative 

Supine 

labyrinthine 

tonic 

Positive Negative 

Prone 

labyrinthine 

tonic 

Positive Negative 

Associated 

reactions 

Negative Negative 

Positive support 

reaction 

Positive Negative 

Negative 

support reaction 

Negative Negative 

Automatic movement reactions  

Moro reflex  Positive Negative 

Landau reflex  Negative Positive 

Extensor 

defense reflex 

Negative Positive 

 

Table 1 Initial and final evaluation of reflex examination 

guide 

 

Sections Examination 

at 6 months 

Examination 

at 7 months 

Cranial growth (pc, 

growth profile, 

fontanelles and 

sutures) 

1 0 

Relational life 

(alertness and 

attention, fixation 

and visual tracking, 

excitability) 

1 0 

Passive tone (body 

axis and limbs) 

0 0 

Motricity 

(quantitative and 

qualitative aspects) 

1 0 

Primary reflexes 

(sucking disorders 

only) 

x 0 

Head control 1 0 

Result Moderate 

deficit 

Normal 

 

Table 2 Neurological Examination first year of life Amiel 

Tison 

 

Mobilizations and 

sensory stimulation of 

upper and lower limbs 

Exercises 

5 times each 

 

Sensory stimulation  

 

Use of sensory gloves 

starting with five soft 

textures with distal to 

proximal direction of 

lower limbs and upper 

limbs. 

18 neurohabilitation 

therapy exercises are 

performed 3 to 4 times.  

- Neck control exercises 

(7) 

- Exercises for bearings 

(3) 

- Exercises for lateral and 

anterior protections (2) 

- Exercises for sitting (3) 

- Exercises for crawling in 

ascending and descending 

plane (3) 

 

Table 3 Exercises used in Neurohabilitation Therapy and 

sensory stimulation 

 

 
 

a) Six-month-old pediatric patient undergoing 

neurohabilitation therapy. 

 

 
 

b) Seven-month-old pediatric patient at one month of 

reevaluation. 

 

Figure 1 Evidence of initial and final assessment  

 

Conclusions 

 

The application of Neurohabilitation Therapy in 

a six-month-old pediatric patient to stop 

neurodevelopmental delay was effective. 

Eighteen exercises of Neurohabilitation Therapy 

were applied by means of establishing postures, 

movements and normalization of muscle tone. 

The changes were evaluated by means of the 

reflex guide scale where negative results were 

obtained in the two levels of maturation of the 

central nervous system, spinal and brain stem 

level. 

 

On the other hand, with the Amiel Tison 

neurological examination, the results showed a 

result with codes 0 in the six criteria to evaluate 

cranial growth, relationship life, passive tone, 

primary reflexes and head control, which 

represents a typical aspect for the age, within the 

limits of normality. 
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The infant achieved head control, 

increased head circumference, turning, sitting 

position, lateral and anterior defenses, gaze 

tracking, transition of objects from one hand to 

another and attachment to parents. 

                                                                    

Thanks to the treatment, it contributed to 

the improvement of the plasticity of the 

immature central nervous system, since, through 

physical examination, diagnosis, treatment and 

clinical follow-up, it minimizes the 

manifestations of brain lesions of perinatal 

origin. (Barrera, 2010) 
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Abstract 

 

The present study aims to describe the efficacy of Kinect 

technology for the therapeutic rehabilitation of geriatric 

patients by conducting and analyzing a 8-session 

therapeutic program based on this technology in which 12 

study subjects participated, 8 Male subjects and 4 female 

subjects, within the physical capacities, the muscular 

strength was evaluated in the Daniels scale of the flexion 

of the hip, knee, shoulder and elbow and the goniometry 

of the flexion / extension of these same members. A 

greater elasticity and mobility were observed by female 

subjects apart from a greater increase in the range of 

motion in the same period of time than Male subjects, with 

respect to muscle strength, it was not possible to 

demonstrate a significant advance so the effectiveness of 

Kinect therapy in this area still shows contrasts in its 

results. Objective: to describe the efficacy of kinect 

technology for the therapeutic rehabilitation of elderly 

patients by carrying out and analyzing a therapeutic 

program. Methodology: analysis of the results obtained 

after several sessions of application of the games of the 

Xbox 360 console with Kinect control. 

 

 

 

Kinect, Rehabilitation, Physical capacities 

Resumen 

 

El presente estudio tiene como objetivo describir la 

eficacia de la tecnología Kinect para la rehabilitación 

terapéutica de pacientes geriátricos mediante la 

realización y análisis de un programa terapéutico de 8 

sesiones basado en esta misma tecnología en el que 

participaron 12 sujetos de estudio, 8 sujetos masculinos y 

4 sujetos femeninos, dentro de las capacidades físicas, la 

fuerza muscular se evaluó en la escala de Daniels de la 

flexión de cadera, rodilla, hombro y codo y la goniometría 

de la flexión / extensión de estos mismos miembros. En 

los sujetos femeninos se observó una mayor elasticidad y 

movilidad además de un mayor aumento en el rango de 

movimiento en el mismo período de tiempo que los sujetos 

masculinos, con respecto a la fuerza muscular, no fue 

posible demostrar un avance significativo por lo que la 

efectividad de la terapia Kinect en esta área todavía 

muestra contrastes en sus resultados. Objetivo: describir la 

eficacia de la tecnología kinect para la rehabilitación 

terapéutica de pacientes de la tercera edad mediante la 

realización y análisis de un programa terapéutico. 

Metodología: análisis de resultados obtenidos tras diversas 

sesiones de aplicación de los juegos de la consola Xbox 

360 con control Kinect. 

 

Kinect, Rehabilitación, Capacidades físicas
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Introduction 

 

Physiotherapy aims to improve the quality of life 

of the human being who suffers from certain 

diseases both in the prevention of degenerative 

diseases as it happens in the elderly, for the 

WHO the term older adult refers to any person, 

whether male or female over 60 years. Although 

this is seen simply as a legal limit, there may be 

many physical and biological factors that can 

alter the characteristics of an elderly person, 

such as degenerative diseases caused by bad 

habits such as sedentary lifestyles that cause loss 

of mechanical functions, fragilization due to 

osteopenia, progressive deterioration of the 

qualities of tendons and ligaments, alteration of 

collagen, decrease in joint flexibility and 

alterations of spinal statics [8] causing the 

decrease or loss of movement, either by 

pathology or disuse [3], in Mexico alone 

according to data from the National Institute of 

Statistics and Geography (INEGI) in 2020 there 

are more than 15 million people aged 60 years or 

older of which 52% have some limitation or 

disability representing 0. 63% of the total 

Mexican population, in Morelos they represent 

8% of the total population of the state. 

 

The integration of physical activity in the 

elderly for the prevention of pathologies and the 

improvement of physical capacities can be 

tedious for the elderly since the therapy turns out 

to be repetitive and boring. [1] Therefore, the 

implementation of technology such as the 

"Kinect" as an inclusive therapeutic alternative, 

since it works with body gestures, in addition to 

motivating and generating interest in the older 

adult through competition, fun and physical 

activity. 

 

Development 

 

An analysis was made about the acceptance and 

benefits that this type of therapeutic alternative 

generates. The research was developed in the 

rehabilitation area of the ISSFAM (Social 

Security Institute for the Mexican Armed 

Forces) home where 25 elderly residents attend, 

of which 12 elderly adults decided to participate 

voluntarily in the project (5 dependent for 

mobility and transportation, 7 independents for 

daily life activities) (see table 1). The games 

"dance central 2" and "Kinect sports" were used 

to achieve an approach and interaction of this 

group with technology.   

 

Thanks to the Kinect motion sensor 

developed by Microsoft studios we can have a 

more natural interaction between people and 

technology due to its interface with movement 

commands (dance movements, jumping, 

throwing a punch, hitting a racket, kicking a ball) 

that are captured by infrared signals that the 

device sends and are read by the RGB (Red, 

Green and Blue) camera, on the other hand it 

captures the voice with an integrated 

microphone and a modern software with a 

customized processor that facilitates control and 

recognition by users making it a more inclusive 

tool. 
 

Patient Gender Age Height Weight Cause of disability 

1EM Male 84 1.76 83 Physiological loss due to 

age, degenerative 

diseases (osteoarthritis), 

inactivity. 

2RG Male 79 1.57 64 Poor surgical 

management of left 

lower limb, inactivity 

and physiological loss 

due to age. 

3MG Male 68 1.69 75 Bullet impact in spinal 

cord at L3 and L4. 

4TC Male 78 1.73 89 Physiological loss due to 

age, renal insufficiency, 

diabetes, muscle 

weakness. 

5MS Male 76 1.52 62 Physiological loss due to 

age, ischemic stroke. 

6DT Male 72 1.68 79  

7FE Male 65 1.55 82  

8LC Female 66 1.62 74  

9ST Female 64 1.58 77  

10MF Male 68 1.71 88  

11VC Female 75 1.61 62  

12MC Female 71 1.56 71  

 

Table 1 Patient characteristics  

 

Methodology 

 

Method: analysis of results obtained after several 

sessions of application of the Xbox 360 console 

games with Kinect control: 

 

Research focus: this research is focused 

on older adults and their physical activity, we 

seek to know how this type of innovative 

technique helps to improve their physical 

capabilities (specifically the ranges of joint 

movement and muscle strength per segment), 

what are the advantages in applying this 

technique as a rehabilitation method and see if 

the results have sufficient relevance to be able to 

substantiate its effectiveness. 

 

Types of research 

 

- Inductive: the behavior and the way in 

which people performed the activity were 

observed. 
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- Casi-experimental: where we worked on 

new ways of doing physical activity and 

motivating people regardless of their 

limitations or conditions. 

 

- Explanatory: we seek to know if the 

sedentary lifestyle in this type of people is 

caused simply by the deterioration caused 

by old age or if other external factors cause 

this situation in the elderly. 

 

Levels of research 

 

- Exploratory: the aim is to analyze the 

phenomenon of sedentary lifestyles and 

identify how it can become a public health 

problem. 

 

- Descriptive: the main reasons for 

sedentary lifestyles and how they affect 

health are described. 

 

- Relational: we sought to identify how 

sedentary lifestyles degrade the physical 

and cognitive condition of older adults. 

 

Modalities of the research 

 

The research was mainly in the field applying 

this method of physical activation but we also 

relied on the principles of exercise physiology 

thanks to books and articles where they focus on 

the benefits of physical activity in people and the 

physiological changes it can cause in people 

  

Population and sample 

 

The study was conducted in 12 elderly people (8 

men and 4 women) where 5 of them were with 

high physical limitation so they have to be in 

wheelchair the other 7 did not have severe 

physical limitations, but they were not in optimal 

conditions to perform physical activity. 

 

Variables 

 
Variables Conceptual 

definition 

Operational 

definition 

Age Time that a 

person or other 

living being has 

lived, counting 

from birth. 

64 years - 84 

years 

Gender The set of 

people or things 

that have 

common 

general 

characteristics. 

Male and female 

Mobility range It is the 

maximum angle 

described 

between two 

segments of the 

body with a 

reference plane, 

which is 

realized by 

means of joints, 

that is, it is the 

number of 

degrees through 

which a joint is 

able to move. 

Goniometry 

Strength Muscular 

strength is the 

capacity to 

generate 

intramuscular 

tension in the 

face of 

resistance, 

regardless of 

whether or not 

movement is 

generated. In 

other words, it is 

the ability to lift, 

push or pull a 

given weight in 

a single 

movement with 

the help of the 

muscles. 

Daniels’s scale 

Play Play is an 

activity that has 

an end in itself, 

that is, the 

individual 

performs the 

activity itself in 

order to achieve 

the objective, 

which is to be 

pleasurable. 

Kinect sports 

and dance 

central 2 

 

Table 2 Variables 

 

Hypothesis 

 

"Exercises performed through video games will 

generate a significant change in the participants' 

ranges of motion and strength due to the fact that 

it will encourage regular and continuous 

physical activity". 

 

Materials 

 

- Vivid bright projector: a projector was 

used to make the image clearer and easier 

to see for the participants as well as 

making the activity more interactive and 

interesting. 
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- Xbox 360 was the ideal console for the 

research due to its easy access and simple 

software that allows easy operation. 

 

- Kinect motion sensor: the most vital tool 

of the research thanks to its motion 

detection capability. 

 

- Dance central 2 game: a dance game with 

different levels that adapt to the players' 

needs. 

 

- Kinect sport game: a sports game with 

several mainly competitive activities ideal 

to encourage interest. 

 

- Attendance logbook: used to keep track of 

attendance.  

 

- Goniometer: it is an essential tool for the 

evaluation of joint ranges at the beginning 

and end of the research. 

 

- Daniels’s scale: it is a highly adaptable 

scale that provided us with information 

about the participants' muscle strength at 

the beginning and end of the research. 

 

Procedure 

 

A physical evaluation was made to each 

participant in which aspects such as ranges of 

motion and muscle strength in both lower and 

upper limbs were taken into account, once the 

measurements were made the results were 

emptied in a record that will serve later to make 

a comparison, in the case of people in 

wheelchairs the evaluation in lower limbs is 

omitted since we only work with upper limbs. 

For the evaluation of muscular strength we used 

the Daniels scale which is divided into 6 levels 

of physical capacities, in our investigation most 

of the participants were between level 3 and 4, in 

the goniometry all the participants presented 

limitations in both limbs, but their range of 

movement is functional. 

 

The older adults were divided into groups 

of 2 to perform these activities, which consisted 

of two phases: 

 

1. Adaptation to body movement by means 

of the Kinect. 

 

2. Playing the game 

 

Once they adapted to the use of the 

technology, the game was performed with a 

duration between 5-20 min depending on the 

game they decided, where they followed the 

specific body patterns of each game. 

 

Results 

 

Statistically significant differences (p < 0.05) 

were observed in the pretest and posttest knee 

goniometry results between men and women. 

 

The men's knee goniometry in the first 

assessment was 2.33 which improved to a score 

of 2.66, while the women started with a score of 

6.5 and this improved to a score of 8.25, 

reflecting a much more accentuated increase in 

the female group in spite of having had better 

knee goniometry scores from the beginning (see 

table 3). 

 
 Men Women All 

Before After Before After Before After 

Elbow 90.75 ± 

45.92 

115.62 

± 15.96 

104 ± 

39.99 

114 ± 

22.46 

95.16 ± 

42.67 

115.08 

± 17.33 

Shoulder 10.25 ± 

5.25 

11.37 ± 

4.59 

13.25 ± 

2.98 

15.75 ± 

1.25 

11.25 ± 

4.71 

12.83 ± 

4.30 

Hip 3.66 ± 

3.05 

4 ± 3 7 ± 

2.94 

7.75 ± 

3.40 

5.57 ± 

3.25 

6.14 ± 

3.57 

Knee 2.33 ± 

1.57 

2.66 ± 

1.57 

6.5 ± 

1.29 # 

8.25 ± 

1.5 # 

4.71 ± 

2.56 

5.85 ± 

3.28 

* All data are expressed as mean ± standard deviation. 

# Different from men, p<0.05 

 

Table 3 Goniometry score of the patients by sex 

 

Likewise, in a clinical manner, general 

improvements are observed in the goniometry 

results (score obtained based on our own scoring 

units related to the goniometry of knee extension 

and minimum and maximum knee flexion within 

the scores achieved by all patients) in the 4 joint 

groups evaluated between the first evaluation 

prior to the beginning of the therapeutic plan and 

the last evaluation made at the end of the 

therapeutic plan, presenting a notable increase in 

their ranges of mobility, which vary between 3 

and 6 degrees of increase. (see graphics 1-4) 
 

 

 

Graphic 1 Shoulder goniometry 

men women

before 169.25 172.25

after 170.37 174.75

169.25

172.25170.37

174.75

A: SHOULDER

before after
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Graphic 2 Elbow goniometry 

 

 
 

Graphic 3 Goniometry hip 

 

 
 

Graphic 4 Knee goniometry 

 

No statistically significant differences 

were found in the muscle assessment results; 

however, there was an improvement of at least 

one point on the Daniels scale in 50% of the 

study subjects (6 of 12 patients). 

 

Of the 6 study subjects who showed at 

least one point of improvement on the Daniels 

scale, 3 were male and 3 were female, however, 

of the 8 male study subjects in this study only 3 

showed improvement (37.5 %) while of the 4 

female study subjects 3 showed improvement 

(75 %). (see table 4) 

 

 

 

 

 

 Gender Age Wheelchair Hip 

flexor 

Knee 

flex/ext 

knee 

Shoulder 

flexor 

Elbow 

flex/ext. 

1 EM  M  84  Yes       3 4 4 4 

2RG  M  79  Yes       3 3 4 4 

3MG  M  68  Yes       3 4 3 3 

4 TC  M  78  Yes       4 4 4 4 

5MS  M  76  Yes       3 3 3 3 

6DT  M  72  No 3 4 4 4 4 4 4 4 

7 FE  M  65  No 4 4 3 3 3 3 4 4 

8 LC  F  66  No 4 4 4 4 3 4 3 4 

9 ST  F  64  No 3 3 3 4 4 4 3 3 

10MF  M  68  No 4 4 3 3 4 4 4 4 

11VC  F  75  No 3 3 4 4 3 3 3 4 

12MC  F  71  No 3 3 4 4 3 3 4 4 

 

Table 4 Strength in Daniels scale before and after the 

therapeutic plan 
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Conclusion 

 

The 12 study subjects showed an extremely 

positive result both in the improvement of ranges 

of motion and muscle strength, as well as the 

interest in performing the activities through the 

Kinect, since they are activities that generate 

attention due to their innovation, fun and 

creativity, and do not fall into monotony, which 

was the main reason why the adults in the 

nursing home stopped going to therapies and/or 

performing physical activities. 

 

Regarding the ranges of motion of the 

study subjects, they increased up to 10 percent 

with respect to their original range prior to the 

study. 

 

Knee goniometry in relation to men and 

women, before and after the therapeutic plan, 

showed a greater elasticity and mobility on the 

part of women as well as a greater range of 

movement in the same period of time, a fact that 

has already been evidenced by previous studies 

pointing out this greater mobility of women in 

relation to men. Regarding muscle strength, 

there was a lower response in the Daniels scale 

in 50% of the patients (6 of 12) of one point 

according to the mentioned scale, however 1 of 

the 12 subjects showed improvement in more 

than one item. 

 

The study showed that the therapeutic 

alternative with Kinect alone is not such an 

effective therapeutic tool to increase muscle 

strength because it did not generate sufficient 

muscular stress to increase the strength of the 

extremities; however, it is a good therapeutic 

alternative to increase ranges of motion. 

 

men mujeres

before 90.75 104

after 115.62 114

90.75

104

115.62

114

B: ELBOW

before after

men women

before 75.66 79

after 76 79.75

75.66

79

76

79.75

C: HIP

before after

men women

before 132.33 136.5

after 132.66 138.25

132.33

136.5
132.66

138.25

D: KNEE

before after
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The study could be improved by carrying 

out the same study with more time and sessions 

to observe if it is really possible to increase 

muscular strength or if the scope of this 

therapeutic method is limited to increasing the 

ranges of movement. 

 

References 

 

1. Muñoz-Cardona, J. E., Henao-Gallo, O. 

A., & López-Herrera, J. F. (2013). Sistema 

de Rehabilitación basado en el Uso de 

Análisis  Biomecánico y Videojuegos 

mediante el Sensor Kinect. 

 

2. Pazán Jurado, L. R. (2015). Videojuegos 

de entrenamiento cerebral como factores 

de estimulación de la esfera cognitiva en 

<<<<<<adultos mayores en el Centro 

Geriátrico Sagrado Corazón de Jesús 

(Bachelor's thesis, Universidad Técnica de 

Ambato-Facultad de Ciencias de la Salud-

Carrera de Psicología Clínica). 

 

3. LÓPEZ-GONZÁLEZ, Erika*†, ALEJO-

ELEUTERIO, Roberto, ANTONIO-

VELÁZQUEZ, JyAMBRIZ-POLO, J.. 

(Julio 20, 2016). Estudio de movimiento 

para la rehabilitación de enfermedades 

osteomusculares en adultos mayores con 

modelo virtual. Tecnología e innovación, 

vol. 3, 7-15. 

 

4. Peralta Galarza, G. E., & Tomalá Perero, 

J. D. (2018). Promoción de un estilo de 

vida saludable del club de adultos 

mayores. Centro de salud tipo c Venus de 

Valdivia 2017 (Bachelor's thesis, La 

Libertad: Universidad Estatal Península de 

Santa Elena, 2018.). 

 

5. Troncoso-Pantoja, C., & Valdebenito-

Mardones, M. (2019). Interpretación de la 

percepción en la realización de actividad 

física para un grupo de adultos mayores. 

Index de Enfermería, 28(1-2), 33-36. 

 

6. Padilla, G. (2006). Calidad de vida y 

estrategias de afrontamiento ante 

problemas y enfermedades en ancianos de 

la ciudad de México. Universitas 

Psychologica, 501 

 

 

 

 

7. J. A. P. Barbosa Murillo, N. G. Rodríguez 

M., Y. M. Hernández H. de Valera, R. A. 

Hernández H. y H. A. Herrera M.. (2007). 

Masa muscular, fuerza muscular y otros 

componentes de funcionalidad en adultos 

mayores institucionalizados de la Gran 

Caracas-Venezuela. 2021, de Scielo Sitio 

web: 

https://scielo.isciii.es/scielo.php?pid=S02

12-

16112007000700009&script=sci_arttext

&tlng=en 

 

8. G. Kemoun, J. P. Rabourdin. (2009). 

Reeducación en geriatría. Enciclopedia 

Medico-Quirúrgica, 30, 1-11. 

 

9. INEGI. (2020). Porcentaje de la población 

con algún tipo de discapacidad por grupo 

de edad. 08/10/21, de Instituto Nacional de 

Estadística y Geografía Sitio web: 

https://www.inegi.org.mx/temas/discapaci

dad/#Informacion_general 

 

 



11 

Article                                            Journal of Physiotherapy and Medical Technology 

 June, 2021 Vol.5 No.13 11-21 

 

 

Results of the application of pulmonary physiotherapy in a 38-year-old post-COVID-

19 patient after severe pneumonia and type 2 diabetes mellitus 

 

Resultados de la aplicación de fisioterapia pulmonar en paciente post-COVID-19 de 

38 años de edad post neumonía grave y diabetes mellitus tipo 2 
 

VÁZQUEZ-CHACÓN, Verónica†*, SÁNCHEZ-BARRERA, Eréndira and CHÍO-AUSTRIA, Rosa 

María 

 
Universidad Politécnica de Pachuca, Hospital Psiq. Dr. Adolfo M. Nieto Tepexpan, Mexico. 

 

ID 1st Author: Verónica, Vázquez-Chacón / ORC ID: 0000-0003-2002-6876, Researcher ID Thomson: V-5652-2018, arXiv 

Author ID: Veronica_#77, PubMed Author ID: Vazquez_v 

 

ID 1st Co-author: Eréndira, Sánchez-Barrera / ORC ID: 0000-0003-2466-6977, arXiv Author ID: Erendiris_28, PubMed 

Author ID: Sanchez_28 

 

ID 2nd Co-author: Rosa María, Chío-Austria / ORC ID: 0000-0003-2354-0731, arXiv Author ID: Chío 8789, PubMed 

Author ID: rosa_ma 

 

DOI: 10.35429/JP.2021.13.5.11.21                                                   Received January 20, 2021; Accepted June 30, 2021

 

Abstract 

 

Objectives General: to create a Pulmonary Physiotherapy 

Program to ensure that the patient with severe or severe 

post-COVID-19 disease with pulmonary compromise and, 

with oxygen supplementation, reaches their maximum 

functional capacity, which in turn facilitates the maximum 

degree of autonomy and improvement in health-related 

quality of life. Specific objectives: Minimize the sensation 

of dyspnea. Improvement of ventilatory mechanics, 

oxygenation and reduction of supplemental oxygen. 

Increased strength of respiratory muscles. Promote 

functional independence through improvement in 

cardiopulmonary capacity. Evaluate the impact of the 

program using the quality of life assessment scale. 

Methodology: Case report, quantitative, longitudinal and 

prospective. Contribution: The scientific contribution of 

this article focuses on the knowledge of non-

pharmacological treatment (Pulmonary Physiotherapy) in 

the post-COVID-19 and type 2 Diabetes Mellitus patient. 

 

 

Pulmonary physiotherapy, Post COVID-19 

Resumen 

 

Objetivo General: Crear un Programa de Fisioterapia 

pulmonar para conseguir que el paciente con enfermedad 

post COVID-19 grave o severa con compromiso pulmonar 

y, con suplencia de oxígeno, alcance su máxima capacidad 

funcional, a su vez, le faciliten el máximo grado de 

autonomía y mejoría en la calidad de vida relacionada con 

la salud. Los objetivos específicos: Disminuir al máximo 

la sensación de disnea. Mejora de la mecánica ventilatoria, 

oxigenación y disminución de oxígeno suplementario. 

Aumento de fuerza de musculatura respiratoria. Promover 

la independencia funcional por medio de la mejoría en 

capacidad cardiopulmonar. Evaluar el impacto del 

programa por medio de escala de valoración de calidad de 

vida. Metodología: Reporte de caso, de tipo cuantitativo, 

longitudinal y prospectivo. Contribución: El aporte 

científico del presente artículo se centra en el 

conocimiento del tratamiento no farmacológico 

(Fisioterapia Pulmonar) en el paciente post-COVID-19 y 

Diabetes Mellitus tipo 2. 

 

Fisioterapia pulmonar, Post COVID-19
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Introduction 

 

COVID-19 (coronavirus disease 2019) also 

known as new coronavirus disease is caused by 

severe acute respiratory syndrome coronavirus 2 

(SARS-CoV2) [1]. 

 

It produces flu-like symptoms including 

fever, cough, dyspnea, myalgia, and fatigue [1]. 

 

In severe cases it is characterized by 

producing pneumonia, acute respiratory distress 

syndrome, sepsis and septic shock leading to 

about 3% of those infected to death, although the 

mortality rate is at 4.48% and rising [1]. 

 

Several studies also report fatigue and 

dyspnea as persistent or prolonged symptoms in 

patients who had both severe and mild COVID-

19 [8]. 

 

Of the reported active cases in the State 

of Hidalgo, 68% correspond to ambulatory 

cases.  

 

On the other hand, type 2 diabetes 

mellitus (previously called non-insulin-

dependent or adult-onset diabetes) is due to the 

fact that the body does not effectively use the 

insulin it produces. Most diabetics have type 2, 

which, to a large extent, is due to excess weight 

and lack of physical activity [4]. 

 

Pulmonary Physiotherapy is part of the 

multidisciplinary treatment for the care of post-

Covid-19 patients, providing benefits in 

decreasing the sensation of dyspnea, 

improvement of ventilatory mechanics and 

quality of life, among others. 

 

Close follow-up, through a Pulmonary 

Physiotherapy program, allows the patient to 

reduce the risk of disability. 

 

COVID-19 

 

Etiology 

 

The pathogen identified is new virus of the 

Coronaviridae family, initially-and temporarily-

called novel coronavirus (2019-nCoV), and 

finally SARS-CoV-2, causing COVID-19 

(Coronavirus Disease 2019) [6]. 

 

 

 

 

Epidemiology 

 

In America, about 76,585,479 cases of persons 

diagnosed with COVID-19 and a total of 

1,999,971 deaths as of July 29, 2020. With a case 

fatality rate of 9.3. With a higher cumulative 

incidence rate of 10,962 [4]. 

 

In Mexico, as of July 25, there are 

109,279 active cases, 149,144 suspected cases 

and 238,424 deaths. In the state of Hidalgo, 96% 

of the territory is at high risk with more than 

2,000 cases in each municipality. 

 

Pathogenesis 

 

The pathogenesis of COVID-19 begins when the 

virus, by means of glycoprotein S, binds to the 

cellular receptor hACE2 and then fuses with the 

respiratory epithelial cell membrane, entering it 

by endocytosis. Upon entering the cytoplasm of 

the cell. From the first contact, an immune 

response is triggered, which can be divided into 

two main phases. The first phase develops 

during the incubation period, which is usually 1 

to 14 days (average 5 days) and in the early 

stages of the symptomatic period. In the second 

phase of the immune response, the cellular 

response increases considerably, causing severe 

lesions that may contribute to the death of the 

patient. The course of the disease in three stages 

[6]:  

 

(a) Stage I(mild)-early infection. 

 

(b) Stage II (moderate)-with pulmonary 

involvement without hypoxia (IIa) or with 

hypoxia (IIb). 

 

(c) Stage III (severe)-systemic 

hyperinflammation; each with 

characteristic pathophysiologic events and 

clinical manifestations. 

 

The form of direct transmission is by 

droplets (>5 microns) or aerosols (<5 µm), 

which are going to be transmitted via upper 

respiratory route from symptomatic patients to 

another individual [6]. 

 

Clinical manifestations, progression and 

complications  

 

The spectrum of clinical manifestations is broad 

and still unclear, with a variety of symptoms 

reported in the range of mild to severe and 

critical illness, with cases resulting in death. 
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The most reported manifestations are 

fever (85%), dry cough (50-80%), myalgias or 

fatigue (69.6%), dyspnoea (20-40%) and 

pneumonia; while less common symptoms 

include headache, diarrhea, hemoptysis, 

rhinorrhea and productive cough. Patients with 

mild symptoms usually recover after one week, 

while severe cases experience progressive 

respiratory failure due to alveolar damage by the 

virus, which can lead to death. Mortality is 

higher in middle-aged and elderly patients with 

pre-existing conditions (diabetes mellitus, 

hypertension, heart disease, cirrhosis, cancer, 

and others) [6]. 

 

The main clinical forms recognized by 

WHO are as follows: Uncomplicated disease 

(minimally symptomatic), Uncomplicated 

uncomplicated lower respiratory tract infection 

(mild pneumonia) and Severe pneumonia: 

presence of productive cough, with fever, nasal 

flaring, tachypnea (respiratory rate > 30 

breaths/min, limitation of thoracic expansibility, 

with moist rales (crackles), or presenting as 

atypical pneumonia, but with signs of severity. 

There may be intercostal or suprasternal 

retractions, central cyanosis, with SpO2 with 

room air [1]. According to the "COVID-19 

Diagnosis and Treatment Guideline (version 

7.0)" of the Health Commission of the People's 

Republic of China, there are four stages for 

COVID-19, described as follows: (a) Mild 

Disease, (b) Moderate Disease, (c) Severe 

Disease, with the presence of 1 of the following 

criteria: (1) dyspnea, respiratory rate ≥30 

times/min; (2) oxygen saturation ≤93% at rest; 

(3) PaO2/ FiO2 ≤300 mmHg.    Patients with 

significant radiological progression of 

pulmonary infiltrates, >50% within 24-48 hours; 

(d) Critical Illness. Long-term complications 

among survivors of SARS-CoV-2 infection with 

clinically significant COVID-19 disease are not 

yet available. Further long-term follow-up 

clinical studies are needed [6] 

 

Diagnosis 

 

Routine confirmation of COVID-19 cases is 

based on detection of virus nucleic acid (RNA) 

by real-time reverse transcriptase-polymerase 

chain reaction (rRT-PCR) assays [6]. 

 

 

 

 

 

 

Treatment 

 

It is recommended to read Recommendations for 

the treatment of SARS-CoV2 condition, 

causative agent of COVID-19, Version 6 July 

2020 and Clinical guide for the treatment of 

COVID-19 in Mexico, Inter-institutional 

consensus version 02 August 2021.11,12]. 

 

Pulmonary rehabilitation 

 

Pulmonary rehabilitation (PR) is defined, 

according to the latest update of the American 

Thoracic Society and the European Respiratory 

Society, as a comprehensive intervention, based 

on comprehensive patient assessment, followed 

by tailored therapies, including, but not limited 

to, physical training, education, and habit 

modification, designed to improve the physical 

and psychological status of persons with chronic 

respiratory disease (CRD) and promote long-

term adherence to healthy habits [6]. 

 

The three main components of a health 

care system-prevention, treatment, and 

rehabilitation-are equally important in any 

serious illness, and COVID-19 infection is no 

exception [6]. 

 

The rapid introduction and continued 

availability of pulmonary rehabilitation services 

is critical for these patients, which is why both 

the World Health Organization (WHO) Regional 

Office for the Americas and the Pan American 

Health Organization (PAHO) recommend, based 

on the precept that rehabilitation improves health 

outcomes for patients with severe COVID-19 

[6].  

 

The pulmonary rehabilitation program 

goals put forward globally have been developed 

based on referrals from health care personnel 

who have worked with these patients in the first 

line of care for the disease; primarily 

rehabilitation specialists in China and, more 

recently, on the consensus issued by the 

American Thoracic Society-ats) and the 

European Respiratory Society-ers, who have 

developed practical and feasible pulmonary 

rehabilitation guidelines for COVID-19 

survivors.  

   

A PR program can be developed at the 

inpatient or outpatient level [6], inpatient or 

outpatient setting [6]. Figure 1. 
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The program's multidisciplinary team is 

composed of different health professionals, 

motivated, trained and with complementary 

functions, focused on the physical and social 

care of patients, who provide individualized care 

adapted to the disease, its behaviour and 

evolution, with emphasis on education for self-

care, psychosocial support for social integration 

and improvement of the quality of life of patients 

and their families, with evaluation and follow-up 

of the results obtained [6]. 
 

 

 
 

Figure 1 Pulmonary rehabilitation algorithm 

Source: Respiratory physiotherapist [11] 

 

For his part, the physiotherapist oversees 

the functions listed below. He/she trains, 

coaches, educates the patient and caregivers 

individually and in groups on physiotherapy 

techniques, the use of peripheral and respiratory 

muscles, respiratory incentives, different types 

of inhalers, peak flow meters and oxygen 

therapy, as well as noninvasive mechanical 

ventilation and performs pulmonary function 

tests [6] 

Participates in aerobic and resistance 

exercise training. 

 

Monitors cardiorespiratory variables 

during general physical training [6]. 

 

Duration and components of pulmonary 

rehabilitation program for COVID-19 survivors. 

 

Based on the ATS/ERS 

recommendations, a program duration of eight to 

twelve weeks is proposed, during which twenty-

four to thirty-six sessions should be carried out, 

with a frequency of three to five sessions per 

week and a minimum duration of one hour per 

session.6] 

 

The program should include, 

fundamentally, an initial specialized medical 

assessment that includes cardiorespiratory and 

functional physical examination, as well as 

different paraclinical tests, aerobic training, 

peripheral muscle strength training, respiratory 

training, patient and family education, 

psychosocial support, nutritional support, 

occupational therapy and speech therapy [6]: 

 

Initial specialized medical and 

physiotherapeutic assessment. 

 

Prior to admission to pulmonary 

rehabilitation, the diagnosis of the respiratory 

disease, its severity and possible resulting 

limitations should be determined, and attention 

should be paid to the presence of signs and 

symptoms of respiratory insufficiency that may 

decompensate with exercise. Also, the 

performance of a complete medical history 

relating pre-existing comorbidities (emphasis on 

previous metabolic and cardiorespiratory 

diseases), a detailed cardiopulmonary physical 

examination and application of scales for 

assessment of fatigue, risk of falls, quality of life 

and functional independence [6]. 

 

The following studies are recommended 

paraclinical prior to program entry [6]: 

 

- Complete blood count. 

 

- Chest radiography. 

 

- High-resolution computed tomography of 

the chest (Tacar). 

 

- Spirometry. 
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- Respiratory muscle strength measurement 

(Pimax-Pemax). 

 

To standardize the pulmonary 

rehabilitation program, they are listed below to 

apply them as a measure of activity prescription 

and outcome measure. 

 

- Medical Research Council (mrc) dyspnea 

scale for assessing dyspnea in activities of 

daily living. This scale is intended to allow 

the patient to quantitatively grade his or 

her own dyspnea in a simple, visual way. 

 

- Borg scale for quantifying dyspnea and 

fatigue during physical exertion. It 

measures the entire range of exertion an 

individual perceives with exercise versus 

activities of daily living. 

 

- Six-minute walk test/two-minute walk 

test: is a constant-load stress test that 

measures the distance a person can walk in 

six minutes and assesses patients' 

functional capacity [6]. 

 

Aerobic exercise training  

 

Aerobic exercise is the physical training 

modality most used in pulmonary rehabilitation 

programs, based on a submaximal effort that is 

maintained for prolonged periods of time using 

large muscle masses. Training with arm 

ergometers, static bicycle or treadmill are the 

examples of exercise most used in pulmonary 

rehabilitation: the use of machines such as the 

elliptical or stair climber is left for patients with 

a higher functional capacity [6]. 

 

It is recommended to perform this 

exercise at least three times a week with a 

duration of twenty to thirty minutes according to 

the functional capacity of each patient, with a 

low intensity (40% to 60% of the maximum fc 

and perception of mild to moderately mild 

exercise on Borg scale), at least, during the first 

two to three weeks, and increase its intensity 

according to the patient's tolerance until 

achieving, a moderate intensity (70% to 80% of 

the maximum fc and perception of moderately 

strong exercise on Borg scale).  In addition, it is 

important to maintain strict control of oxygen 

saturation (SaO2) above 90%, otherwise the use 

of supplemental O2, monitoring of dyspnea and 

mucocutaneous pallor associated with physical 

exertion is indicated [6,9]. 

Muscle strength training 

 

This exercise should be performed at least twice 

a week per week, starting the work with low 

loads, beginning with series of ten repetitions 

and mild to moderate intensity per muscle group, 

with an average duration of two minutes per 

series and increasing the workload by 5% to 10% 

each week. Dumbbells, adjustable weights with 

Velcro, medicine balls or elastic bands can be 

used for this activity. 

 

Additionally, with patients who have 

impaired balance, intervention with an emphasis 

on strengthening lower limb musculature and, if 

possible, proprioception work is recommended 

[6]. 

 

Work 1-3 muscle groups with a load of 

8-12 repetitions, with 2-minute training 

intervals. The frequency would be 2-3 

sessions/week for a minimum period of 6 weeks, 

increasing by 5-10% load/week [9]. 

 

 Respiratory muscle training 

 

It is mainly aimed at patients presenting with 

symptoms such as dyspnoea, wheezing, 

weakness for cough production and 

expectoration. To perform this practice, it is 

important to demonstrate inspiratory and/or 

expiratory muscle weakness. 

 

The training is performed twice a day, 

with a duration of ten to fifteen minutes per 

session, and starting at an intensity of between  

30% to 50% of the inspiratory/expiratory 

pressure, using easily accessible and manageable 

devices that allow the workload to be controlled, 

such as the inspirometer or the threshold device 

or Threshold® [6]. 

 

Teaching respiratory reeducation techniques 

 

These techniques aim to re-educate the 

ventilatory pattern to make it more efficient and,   

thus saving energy by maximizing the use of the 

diaphragm.  Different respiratory pattern 

reeducation techniques are proposed, mainly 

costodiaphragmatic breathing (decreases 

tachypnea, improves gas exchange, decreases 

anxiety), pursed-lip breathing (decreases 

tachypnea, improves gas exchange) and the hold 

and catch technique (improves airflow and lung 

expansion, favors resolution of atelectasis and 

respiratory clearance) [6]. 
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Teaching relaxation techniques 

 

These techniques favor self-control of 

hyperventilation and dyspnea, hyperventilation 

and dyspnea, produced by the anxiety generated 

by the pathology itself, as well as dyspnea, so 

that they facilitate recovery after physical 

exertion and reduce energy expenditure during 

activities of daily living [6]. 

 

According to the Association of 

Respiratory Care Physiotherapists in the UK, the 

need for bronchial drainage techniques in SARS-

COV2-infected patients may be decided if the 

following criteria are met: - Evidence of 

retention of secretions with difficulty 

expectorating - Ineffectiveness of cough or 

drainage ability [9]. 

 

Active mobilization 

 

The Chinese Medical Rehabilitation Association 

together with the Chinese Respiratory 

Rehabilitation Committee have published 

recommendations for defining when and how to 

initiate early active mobilization in severe or 

critically ill COVID-19 patients [9]. 

 

Diabetes mellitus 

  

It is defined as a heterogeneous syndrome 

originated by genetic-environmental interaction 

and characterized by chronic hyperglycemia, as 

a consequence of a deficiency in insulin 

secretion or action, which triggers acute 

(ketoacidosis and hyperosmolar coma), chronic 

microvascular (retinopathies and neuropathies) 

and macrovascular complications (coronary 

heart disease, cerebrovascular and peripheral 

vascular diseases).14] 

 

Etiology 

 

Some risk factors for developing DM 2 are: 

overweight; obesity; sedentary lifestyle; first-

degree relatives with diabetes; >45 years of age; 

a waist circumference greater than 80 cm in 

women, and 90 cm in men; risk glycemia for 

developing chronic complications, >111 mg/dl 

fasting, and >140 mg/dl in the immediate 

postprandial period Having a BMI > 25 and < 

29.9 implies overweight, and a BMI > 30km/ m2, 

obesity.17] 

 

 

 

 

Diagnosis 

 

Diagnostic criteria 

 

Fasting glucose: equal to or greater than 

126ml/dL. 

 

Casual blood glucose: equal to or greater than 

200 mg/dL. 

 

Classic symptoms of diabetes: polyuria, 

polydipsia, polyphagia, and unexplained weight 

loss [16]. 

 

Treatment 

 

Drug treatment 

 

The pharmacological properties of these groups 

provide the option of initiating treatment with 

one of them (monotherapy), the recommended 

treatment, if there is no contraindication for its 

use, is metformin.  Remember that within three 

months the patient should be reaching control 

goals (HbA1c <7). Otherwise, switch to a 

combination of drugs in double (group a) or 

triple therapy (group B). 

 

Group A: metformin + sulfonylurea, 

metformin + acarbose, metformin + 

thiazolidinedione, metformin + meglitinide, 

metformin + insulin, metformin + DPP4 

inhibitor, Metformin + GLP-1 agonist, 

sulfonylureas + acarbose, sulfonylureas + 

thiazolidinediones, sulfonylureas + DPP4 

inhibitor, sulfonylurea + GLP-1 agonist, 

sulfonylurea + insulin.  

 

Group B: metformin + sulfonylureas + 

glitazones or DPP 4 or insulin, metformin + DPP 

4 + sulfonylureas or glitazones or insulin, 

metformin + basal insulin + glitazone or DPP 4 

[14]. 

 

Non-drug treatment 

 

Continuing therapeutic education 

 

Education is the cornerstone of treatment and is 

present in all services as an essential element in 

the comprehensive care of the diabetic patient.  
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Education should be invariably 

maintained, identifying deficiencies, expanding 

knowledge to influence behavioral changes, 

achieving a lifestyle appropriate to the diabetic 

condition, is fundamental to control the disease 

and decrease complications. 

 

Adequate nutrition 

 

It is aimed at contributing to the normalization 

of glycemia values during 24 hours, and to 

favour the normalization of lipid values.  

 

Physical activity 

 

The immediate physiological benefits of 

physical activity are improved systemic insulin 

action from 2 to 72 h, improved systolic rather 

than diastolic blood pressure, and increased 

glucose uptake by muscle and liver.  In addition, 

the higher the intensity of physical activity, the 

more carbohydrates are utilized. Endurance 

physical activity decreases glucose in the first 24 

h. 

 

In the long term, physical activity 

maintains insulin action, glucose control, fat 

oxidation and lowers LDL cholesterol. If 

accompanied by weight loss, it is more effective 

in improving dyslipidemia, however, recent 

studies reveal that, even if it does not cause 

weight loss, it significantly improves glycemic 

control, reduces visceral adipose tissue, plasma 

triglycerides, improves nitric oxide levels, 

endothelial dysfunction and depression. 

 

Simple habit-related measures have been 

shown to effectively prevent or delay the onset 

of type 2 diabetes. To help prevent this type of 

diabetes and its complications, these behaviors 

should be followed: 

 

Achieve and maintain a healthy body 

weight; engage in at least 30 minutes of 

moderate-intensity physical activity most days. 

However, to control weight it may be necessary 

to increase the intensity; eat a healthy diet, free 

of sugar and saturated fats; and do not use 

tobacco, as smoking increases the risk of 

diabetes and cardiovascular disease. The 

Organization's work on diabetes is 

complemented by the WHO Global Strategy on 

Diet, Physical Activity and Health, which 

focuses on population-based measures to 

promote healthy eating and regular physical 

activity to reduce the growing problem of 

overweight and obesity worldwide [4]. 

Type 2 diabetes mellitus (DM2) is 

considered a major risk factor for an adverse 

outcome in patients with COVID-19 [19]. 

 

Case presentation 

 

A 38-year-old male, diagnosed with severe post-

Covid stage III and type 2 diabetes mellitus, 

started symptoms (fever, dyspnea, desaturation 

up to 65% of SpO2) on January 6 of this year, 

started drug treatment for COVID-19 two days 

later, at home due to lack of availability of health 

services in the city of Pachuca de Soto Hidalgo, 

requiring oxygen therapy at 17 litters per minute. 

Figure 2. 
 

 
 

Figure 2 Initial Chest X-ray 

Source: Coahuila Laboratories 

 

Methodology  

 

This is a quantitative, longitudinal and 

prospective case report. The study was carried 

out in the facilities of the Pulmonary 

Physiotherapy area of Grupo de Rehabilitación 

Integral Sinergia, located at Tulum 222, Bosques 

del Mineral, Pachuca de Soto Hidalgo. 

 

The time dimension corresponds to: 

March 15 to August 3, 2021. Twenty-four 

sessions were attended, distributed as follows: 

14 sessions three times a week, 10 sessions twice 

a week. 

 

The main variable identified as: Medical 

Research Council (mrc) Dyspnea Scale to assess 

dyspnea in activities of daily living and Airways 

Questionnare 2D (AQ20) Quality of Life 

Questionnaire, to identify aspects related to the 

results of the application of a Pulmonary 

Physiotherapy Program, based on Respiratory 

Exercises, Physical Conditioning Exercises and 

Peripheral Muscle Strengthening Exercises. 
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The scales used for the measurement of 

variables were nominal (Medical Research 

Council (MRC) Dyspnea Scale), ordinal scale 

for the classification of clinical form. Interval 

scale for the Quality-of-Life Questionnaire. The 

method of data collection was by observation 

and questionnaire. Informed consent was given 

for the publication of the present investigation.  

The patient was trained to perform the 

respiratory exercises, peripheral muscle 

strengthening and physical conditioning.  

 

General objective 

 

The general objective is to create a Pulmonary 

Physiotherapy Program to achieve that the 

patient with severe or severe post covid-19 

disease with pulmonary compromise and, with 

oxygen supplementation, reaches his maximum 

functional capacity, at the same time, facilitating 

the maximum degree of autonomy and 

improvement in the health-related quality of life. 

 

Specific objectives 

 

The specific objectives are listed below. 

  

- To decrease the sensation of dyspnea as 

much as possible. 

 

- Improve ventilatory mechanics, 

oxygenation and decrease supplemental 

oxygen. 

 

- Increase respiratory muscle strength. 

 

- Promote functional independence through 

improvement in cardiopulmonary 

capacity. 

 

- Evaluate the impact of the program by 

means of a quality-of-life assessment 

scale. 

 

The process included: assessment of the 6-

minute walk, respiratory function tests 

(spirometry, carbon monoxide diffusion, 

maximum respiratory pressures), respiratory 

functional check-up (gas exchange, pulmonary 

mechanics, flowmetry, forcimetry, oxygen 

desaturation test, oxygen titration test), which 

provide us with quantitative values of the 

respiratory system. 

 

 

 

The signature of informed consent was 

requested, the patient was trained to perform 

pulmonary therapeutic exercises, the resources 

used in this research oversaw the researchers, the 

supervision of the implementation of the 

Pulmonary Physiotherapy Program oversaw Ms. 

Verónica Vázquez Chacón, the process is 

described below: 

 

The following is the approach taken 

through the application of the Pulmonary 

Physiotherapy Program. Graphic 1. 

 

For the design of the Pulmonary 

Physiotherapy program, the paraclinical studies 

were carried out, the WHO Global Strategy on 

Diet, Physical Activity and Health was taken 

into account, as well as: Interim Algorithms for 

the care of COVID-19, recommendations for 

Pulmonary Physiotherapy of the ATS/ERS, 

"Guide for Diagnosis and Treatment of COVID-

19 (version 7. 0)" from the Health Commission 

of the People's Republic of China, Spanish 

Society of Pneumology and Thoracic Surgery, 

Association of Respiratory Care 

Physiotherapists in the United Kingdom and 

Secretary of Health Mexico. 

 

The techniques applied will be shown 

below: 

 

Active mobilization 
 

 
 

Figure 3 Active mobilization to flexion of upper limbs 

Source: Own elaboration 
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Graphic 1 Pulmonary physical therapy program 

 

 
 

Figure 4 Active mobilization of lower limbs, abduction 

Source: Own elaboration 

 

Relaxation exercises 
 

 
 

Figure 5 Relaxation exercises 

Source: Own authorship 

 

 

 

 

 

 

 

 

 

 

 

Strengthening of peripheral musculature 
 

 
 

Figure 6 Muscular strengthening of upper limbs 

Source: Own elaboration 

 

  

 
 

Figure 7 Physical conditioning 

Source: Own elaboration 

 

Strengthening of respiratory muscles Treshold® 
 

 
 

Figure 8 Strengthening of respiratory muscles Treshold®. 

Source: Own elaboration 
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Results 

 

Regarding the results of the Medical Research 

Council (MRC) Dyspnea Scale Graph 2. to 

assess dyspnea in activities of daily living. 

 

The results with respect to Airways 

Questionnare 2D (AQ20) Quality of Life 

Questionnaire 13], to identify aspects related to 

the results of the application of a Pulmonary 

Physiotherapy Program, with respect to the 

Quality-of-Life Questionnaire, improved by 

35%. 
 

 
 

Graphic 2 Dyspnea Scale of the Medical Research 

Council MRC 

Source: Own elaboration 

 

 
 

Graphic 3 Percentage of 6-minute walk 

Source: Own elaboration 

 

 
 

Graphic 4 Partial oxygen saturation 

Source: Own elaboration 

 

 

 
 

Graphic 5 Use of supplemental oxygen lt/min 

Source: Own elaboration 

 

 
 

Figure 9 Final Chest X-Ray 

Source: Laboratorios Coahuila 

 

The evaluation of the 6-minute walk 

resulted in a final result of 70% of the expected 

distance covered in meters, with environmental 

conditions of temperature: 20.8°C, humidity of 

53% and PB of 576 MMHG. Graph 3. No 

supplemental oxygen, FiO2 at 21%, respiratory 

function tests (Spirometry: normal functional 

pattern, carbon monoxide diffusion, normal 

transfer pattern, maximal respiratory pressures, 

Pimax 81%, Pemax 81%), respiratory functional 

check up (Gas exchange, pulmonary mechanics: 

normal functional pattern, flowmetry, 800 

ml/min, forcimetry: respiratory muscle strength 

preserved, oxygen desaturation test: positive 

with high intensity exercise). 
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Conclusions 

 

The benefits were: 

 

- Reduction of dyspnea (100%) and 

supplemental oxygen utilization (100%). 

Graphics 4 and 5. 
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- Improved functional capacity for physical 

activity: 71%. 

 

- Improved health status (oxygenation, 

partial oxygen saturation 35% and 

ventilatory mechanics (normal), 

respiratory muscle strength 18%) and 

quality of life 35%. 
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Abstract 

 

The intrinsic muscles of the larynx are responsible for 

generating and coordinating the variety of movements that 

develop during the process of human voice production. 

Recent research indicates that these movements depend on 

a neuroregulatory pattern that coordinates the intrinsic 

muscles of the larynx according to the anatomical and 

functional characteristics underlying the vocal folds of 

everyone. Finding the parameters that model the 

neuroregulatory pattern is an open and ongoing field of 

research that has been little studied. The aim of this paper 

is to evaluate a new experimental methodology to model 

the neuroregulatory pattern that coordinates intrinsic 

muscle movements and to characterize it on a novelty 

curve using a set of biological parameters that are 

extracted from a small segment of the acoustic wave of the 

speech signal known as the prefonatory preamble.For this 

purpose, an acoustic wave bank of voice signals generated 

at the Luis Guillermo Ibarra Ibarra National Rehabilitation 

Institute, and endorsed by the NOM-012-SSA3-2012, is 

used. The results show a clear and objective mathematical 

differentiation of the neuroregulation patterns executed in 

the vocal cords of everyone, also differentiated by gender. 

 

 

Vocal cords, Neuroregulatory pattern, Vocal cord 

biomechanics, Pattern modeling 

Resumen 

 

Los músculos intrínsecos de la laringe son responsables de 

generar y coordinar la variedad de movimientos que se 

desarrollan durante el proceso de producción de la voz 

humana. Recientes investigaciones refieren que dichos 

movimientos dependen de un patrón neuroregulador que 

coordina los músculos intrínsecos de la laringe de acuerdo 

con las características anatómicas y funcionales que 

subyacen en las cuerdas vocales de cada individuo. Hallar 

los parámetros que modelan el patrón neuroregulador, es 

un campo de investigación abierto y continuo que ha sido 

poco estudiado. El objetivo de este artículo es evaluar una 

metodología experimental para modelar el patrón 

neuroregulador y caracterizarlo en una curva de novedad 

utilizando un conjunto de parámetros biológicos que se 

extraen desde un segmento de la onda acústica de la señal 

de voz conocido como preámbulo prefonatorio. Para tal fin 

se utiliza un banco de ondas acústicas de señales de voz 

generado en el Instituto Nacional de Rehabilitación Luis 

Guillermo Ibarra Ibarra, y avalado por la NOM-012-

SSA3-2012. Los resultados muestran una clara y objetiva 

diferenciación matemática de los patrones de 

neuroregulación que se ejecutan en las cuerdas vocales de 

cada individuo diferenciándose asimismo por su género.  

 

Cuerdas vocales, Patrón neuroregulador, Biomecánica 

de las cuerdas vocales, Modelado de patrones
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1 Introduction 

 

The intrinsic muscles of the larynx are 

responsible for generating and coordinating the 

variety of movements that take place during the 

production process of the human voice. They 

basically organize 3 actions: adjust the tension of 

the vocal cords, generate movements to unite the 

two vocal cords in the midline of the glottic canal 

and generate movements to move the vocal 

cords away from the glottic canal (Quatiery & 

Malyska, 2012). 

 

Recent research by Nilbakth (Nibakth, A. 

Tafreshiha, & Zocolan, 2018) indicates that the 

subcortical system of the human central nervous 

system contains independent sensory circuits, 

whose mission is to integrate the proprioceptive 

information collected by the cells of the 

epithelial tissues that They coat the vocal cords 

to model a neuroregulatory pattern that adjusts 

the movements of the intrinsic muscles of the 

larynx according to the anatomical and 

functional characteristics that underlie the vocal 

cords of each individual. The parameters that 

shape the neuroregulatory pattern is an open and 

continuous field of research that has been little 

studied. 

 

In this sense, Ramos Casados et al: 

(Ramos, 2014): and Quatiery et al: (Quatiery & 

Malyska, 2012) point out that, since there are 

physiological alterations that cause changes in 

the viscosity and elasticity of the vocal cords, the 

sensory information Proprioceptive is also 

modified, to which Malmgrem adds that (L. 

Malmgrem, 1992) the subcortical system 

introduces a disturbance that results in a deficit 

of mechanoreceptors that adjust the tension of 

the intrinsic muscles of the larynx according to 

anatomical conditions. and functional of each 

individual. 

 

Although it is true that the biomechanical 

deficit of the vocal cords is visible in the acoustic 

wave of the voice signals, as seen in Figure 1, 

Leuche & Alalli et al: (Sidtis, 2011) do not 

recommend further investigation of the changes 

in the acoustic properties reflected in the voice 

signal, and if they suggest delving into the 

analysis of the biological parameters that 

generate said disturbance, and in the study of 

these parameters, it is possible to find 

information that helps to find the 

neuroregulatory pattern that produces it. 

 

 
 

Figure 1 Sound waves of various voice signals from a 

woman (left) and a man (right) 

 

The objective of this article is to evaluate 

a new experimental methodology to model the 

neuroregulatory pattern that coordinates the 

movements of the intrinsic muscles and 

characterize it in a novelty curve using a set of 

biological parameters that are extracted from a 

small segment of the acoustic wave of the voice 

signal known as prefonatory preamble. 

 

For this purpose, a bank of acoustic 

waves of voice signals generated at the Luis 

Guillermo Ibarra Ibarra National Rehabilitation 

Institute is used, and endorsed by NOM-012-

SSA3-2012. The results show a clear and 

objective mathematical differentiation of the 

neuroregulation patterns that are executed in the 

vocal cords of each individual, also 

differentiating themselves by gender. 

 

In section 2 the foundation of the 

experimental methodology presented here is 

explained in detail, section 3 shows the results 

provided by the method and in section 4 the 

results and robustness of the method are 

analyzed to characterize a plurality of 

neuroregulatory patterns. that are specified 

based on the particularities and anatomical, 

physiological and morphological differences of 

the vocal cords of each person.  

 

2 Materials and methods 

 

For the experimental corpus a bank of voices 

was built (Siordia, Bank of voices of Mexican 

speakers, 2013) (Siordia, Rivera, J.Corona, V. 

Valadez, & X. Hernández, 2011). 
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The acquisition of voice signals was 

carried out in the Phoniatrics department of the 

National Rehabilitation Institute of Mexico City 

(Siordia, Hernández, Jimenez, & Rivera, 2012) 

where 40 Mexican men and women 

participated, all from the Federal District, with 

ages between 28 and 45 years of age performing 

5 phonatory tasks corresponding to the vowels 

a, e, i, o, u, under the scheme shown in Figure 2.  
 

 
 

Figure 2 General scheme for the acquisition of the voice 

signal 

 

For the acquisition of the signals, a professional 

microphone of the Shure brand model SM58 

was used for voice, placed at a distance of 10 cm 

from the mouth of the speaker, and the records 

were stored in digital WAW format with a 

sampling frequency of Fs = 22050bits / sec, in 

monophonic channel at 16 bits resolution, for 

further processing and analysis. 

 

2.1 Experimental model to extract biometric 

parameters 

 

The human voice production process is the result 

of the combined action of a glottal source and the 

vocal tract filter. It is known that natural speech 

involves two kinds of interaction. One is termed 

biomechanical interaction - glottal flow acts as 

an active factor in determining the vibrating 

pattern of the vocal folds, the other acoustic 

interaction - glottal flow is not independent of 

the finite vocal tract acoustic load. (Childers & 

Lee, 1991). In this document we only consider 

the act of the biomechanical interaction of glottal 

flow as an active and adaptive factor to 

determine the parameters that model the 

neuroregulatory pattern of biomechanical 

actions that coordinates the abduction and 

adduction movements of the vocal cords of men 

and women with age and gender independence. 

 
 

Figure 3 Experimental model to obtain biometric data 

from the voice signal 

 

Figure 3 shows the experimental 

methodology to extract the biological 

parameters that model the neuroregulatory 

pattern. (Siordia, Bank of voices of Mexican 

speakers, 2013), (Siordia, Hernández, Jimenez, 

& Rivera, 2012). The numerical analysis of this 

procedure was carried out in Auditión, v3.0, 

Origin v.8.5, and a set of mathematical 

algorithms were implemented in the MATLAB 

V19.0 software. 

 

2.2 Predictor of periodicity of the air flow 

wave present under the trachea  

 

In the biomechanical function performed by the 

intrinsic muscles of the larynx, they depend on a 

mechanoreceptor biomechanism illustrated in 

Figure 4 that coordinates the movements of the 

vocal cords -abduction and adduction- to 

synchronize them with the air pressure flow 

pulses that the lungs send. through the trachea 

(Ruffiner, 2009). 

 

These air pressure flow pulses carry a 

periodicity that conditions the subcortical 

system to calculate the instant of time in which 

synchrony must be established, this phenomenon 

is important since it is directly related to the 

calculation of the tension to which they must be 

adjusted. the thyroarytenoid muscles before 

starting the voice signal production process, at 

the level of the larynx and without interference 

from the pharynx and the vocal tract. 
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The first step consists of estimating the 

duration of the fundamental period T_0, by 

passing the acoustic wave of the voice signal y 

(n) through a predictor that uses a difference 

function of average magnitude AMDF (1), 

proposed by Ross in 1974 et al: and improved by 

Zeng in the year 2033 et al: (). 

 

𝑇0 = 𝐴𝑀𝐷𝐹(𝑛) =
1

𝑁
∑ |𝑠(𝑗) − 𝑠(𝑗 + 𝑛)|𝑚+𝑁−1

𝑗=𝑚     (1) 

 

Physiologically it represents the period of time 

that it would take for the mechanoreceptor 

biomechanism to complete the adduction 

movement that leads to the union of the vocal 

cords in the midline of the glottic canal, in this 

context the fundamental period is defined: 

 

 
 

Figure 4 Biomechanism of the human larynx that 

regulates the movements of the thyroarytenoid muscles 

Source: Adapted from (Ruffiner, 2009) 

 

The larynx requires two consecutive 

glottic closures to complete the C_F (2) 

phonation cycle necessary to produce the voice 

signal.  

 

𝐶𝐹 = 2To                        (2)  

 

2.3 Predictor of tension adjustment of the 

thyroarytenoid muscles 

 

Once the duration of the C_F (2) phonation cycle 

has been estimated, the subcortical system 

evaluates the characteristics of the elastic 

properties of the epithelial tissues and 

determines the time they require to synchronize 

the abduction and adduction movements with the 

passage of the column of air pressure flow that 

the lung presents under the trachea. 

 

 

 

 

 

 

To find this sensory information, the 

mechanoreceptor biomechanism executes an 

addiction movement, which is called first 

contact (85), the occurrence of this physiological 

phenomenon is useful to estimate the tension-

elongation adjustment that the thyroarytenoid 

muscles must establish according to the 

characteristics of elasticity and viscosity that 

underlie the vocal cords, since the correct 

synchronization of the abduction-adduction 

movements that give way to the air pressure flow 

pulses that are present under the trachea depends 

on this adjustment. 

 

Physiologically, this first contact is 

established at the first global maximum observed 

in the acoustic wave of the voice signal, y (n) and 

to calculate it a predictor is used that adapts to 

the Percent of Max technique, which Vos and 

Rasch released in 1986 (86). 

 

The prediction algorithm searches in y 

(n) for the first transient, U_min (3) that manages 

to reach a proposed dynamic threshold at 95% of 

the maximum amplitude value and, after that, it 

searches for the first transient that manages to 

overcome it, U_max (4), to ensure the prediction 

of this event.  

 

( ) ( )( )( ) nyumbralnyu min*minargmin =      (3) 

 

( ) ( )( )( ) yumbralnyu max*minargmax =        (4) 

 

With the data obtained with (3) and (4) a 

vector called change (4) is formed to delimit the 

segment within the signal and (n) where said 

phenomenon occurs.  

 

( )minmax ,uucambio =       (5) 

 

𝑎𝑗𝑢𝑠𝑡𝑒 = 𝑎𝑟𝑔(𝑚𝑖𝑛( 𝑐𝑎𝑚𝑏𝑖𝑜)          (6) 

 

Once the segment of the signal y (n) has 

been delimited, the predictor must look for the 

first transient where a sudden and abrupt change 

in the amplitude of the signal y (n) is established, 

this phenomenon is predicted by the adjustment 

function (6). 
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With this information, the predictor 

calculates the instant of time, (7), that the 

subcortical system establishes so that the 

mechanoreceptor biomechanism adjusts the 

tension of the thyroarytenoid muscles to 

synchronize their addiction and abduction 

movements to give way to the periodicity of the 

air flows. that the effector system presents under 

the trachea. 

 

1000*









=

s
ajuste

F

ajuste
t       

(7) 

 

This biomechanical phenomenon that 

takes place at the level of the larynx produces 

pressure at a point of total occlusion and the 

rapid release of this pressure depends on the 

timing with which the receptor mechanical 

biomechanism must execute the rhythm of the 

opening and closing movements of the vocal 

cords, producing an intrinsically transitory, 

plosive-type excitation (Ruffiner, 2009).  

 

2.4 Neuroregulatory pattern modeling  

 

The neuroregulatory pattern is represented as a 

novelty curve, S_adjustment (n) (9), delimited 

by the adjustment function (6) where the 

subcortical system indicates to the 

mechanoreceptor biomechanism that it is ready 

to initiate, synchronize and automate the 

sequence of movements that will be 

implemented during the voice signal production 

process, (Pedro, 2019). To characterize this 

novelty curve, a predictive algorithm is used that 

is designed with a dynamic and adaptive 

function that models the amplitude envelope 

S_epf (n) (9) of said segment. 

 

𝑆𝑎𝑗𝑠𝑢𝑡𝑒(𝑛) = ∑ 𝑦(𝑛)
𝑎𝑗𝑢𝑠𝑡𝑒
𝑚=1      (8) 

 

( ) ( )
=



+

=
ajuste

i

mw

m
najustenepfS

1

11

1

      (9) 

where:

( ) ( )( ) ( )( )( )11min,11max mwmwmediananajuste =     (10) 

 

In function ( )najuste , (10), represents a 

dynamic threshold that estimates the median of 

the peaks and valleys existing in each window 

𝑤1 of size 𝑚1 = 2 samples, defined in this way 

in order to accurately capture the amplitude 

value of the transients that occur in the segment 

delimited by 𝑆𝑎𝑗𝑠𝑢𝑡𝑒(𝑛) (8). 

 

3 Results 

 

To validate the results of the proposed 

methodology, the acoustic waves of 9 voice 

signals were used, 4 correspond to the female 

gender and 4 to the male gender, this selection 

was thus determined to evaluate the response of 

the model to the variability of physiological 

conditions existing between both. genders. 

Likewise, voice signals corresponding to various 

phonatory tasks from the 5 vowels, / a /, / e /, / i 

/, / o /, / u / were selected, since their execution 

demands greater biomechanical activity of the 

strings. vowels for being voiced vowels. 

 

Figure 5 shows the ability of the 

adaptation of the FDMA algorithm to solve the 

prediction of the periodicity of the airflow wave 

in female and male larynxes as shown in Figure 

6. 
  

 
 

Figure 5. Estimated time of the periodicity of the airflow 

wave to which the female vocal cords should be 

synchronized. 

 

This parameter responds to very 

particular conditions of anatomy, age, gender 

and elasticity and viscosity properties of the 

vocal cords that are difficult to model. 

 

 
 

Figure 6 Estimated time of the periodicity of the airflow 

wave to which the male vocal cords should be 

synchronized 
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In Figure 7, the response of the model is 

observed when predicting that the period that the 

subcortical system has calculated for the 

mechanoreceptor biomechanism to establish the 

tension adjustment of the vocal cords of the 

female gender, is between 100 and 900 

milliseconds. 
  

 
 

Figure 7 Adjustment time in voice signals of the female 

gender, when evaluating the five vowels (a, e, i, o, u) 

 

 
 

Figure 8 Adjustment times in voice signals of the male 

gender when evaluating the five vowels (a, e, i, o, u) 

 

In the vocal cords of the male gender, the 

period estimated by the predictor is between 10 

and 600 milliseconds, indicating clear 

differences between individuals, even when 

evaluating the response of the predictor under 

the same physiological conditions of each 

person, variability in times is demonstrated. 

 

Adjustment 

 

Figure 9 shows the novelty curves that are 

reconstructed from the predictor for a complete 

phonatory task, and the marking of the transient 

adjustment (6) establishes the prefonatory 

preamble that contains the neuroregulatory 

pattern.   

 
 

Figure 9 Novelty curves of the neuroregulatory pattern of 

vowels / a /, / e /, / i /, / o /, / u / in female vocal cords 

 

 
 

Figure 10 

 

Conclusions 

 

This methodology provides a robust and 

objective systematized tool to extract, from a 

voice signal, in real time, a set of biological 

parameters that characterize the neuroregulatory 

pattern that coordinates the movements of the 

intrinsic muscles of the larynx. The results 

obtained show a clear differentiation regardless 

of age and gender between individuals. 

 

  In general, all the algorithms that make 

up the model offer good performance; however, 

it is important to highlight the need to extend 

experimentation by gender to mathematically 

model the differences between the biological 

parameters that model the neuroregulatory 

patterns.   
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