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RESUMO

Objetivos: Determinar, em individuos obesos morbidos, a mobilidade
diafragmatica e avaliar as repercussdes do treinamento muscular inspiratorio
(TMI) de doze semanas sobre a funcdo pulmonar e pressfes respiratorias
maximas nesses individuos. Desenho do Estudo: Avaliou-se a funcéo
pulmonar, mobilidade diafragmatica (MD) e pressfes respiratérias maximas
antes e apos o TMI. Avaliou-se o efeito do TMI sobre a forca muscular
respiratéria, excursao diafragmética e funcdo pulmonar em 31 individuos
obesos mdrbidos. Os voluntarios foram randomizados em dois grupos: O grupo
do treinamento muscular inspiratério (GTMI: n=16) que seguiu o protocolo de
TMI com duracdo de doze semanas, realizado cinco vezes por semana,
durante 30 minutos diarios (15 minutos pela manha e 15 minutos pela noite) e
carga de 30% da pressao inspiratoria maxima (PImax); O grupo controle (GC:
n=15) que seguiu o mesmo protocolo de TMI sem carga inspiratoria.
Resultados: Apés o TMI observou-se aumento significativo na PImax (-86.86
cmH,O £ -20.70 versus -106.43 cmH,O + -32.97; p<0.05) e na ventilacéo
voluntaria maxima (VVM) (97.84 L/min + 37.06 versus 115.17 L/min £ 34.17,
p<0.05) no grupo TMI. No entanto, ndo se observou nenhuma mudanca nas
variaveis espiromeétricas, exceto pelo volume inspiratorio forcado no primeiro
segundo (VIF1) ao fim do protocolo, quando comparados o GTMI e o GC (3,35
L + 0,96 versus 2,22 L = 1,07; p<0,05). Nao observadas diferencas da
mobilidade diafragmética apos a realizagdo do protocolo de TMI em ambos os
grupos. Conclusdes: No presente estudo foi mostrado que é possivel realizar
a avaliacdo indireta do diafragma através da ultrassonografia modo-B em
obesos morbidos, sendo uma ferramenta Util para detectar possiveis
disfuncbes relacionadas a esse musculo. O TMI aumentou as pressoes
respiratérias maximas, a ventilacdo voluntaria maxima e promoveu alteracées
na VIF1l. Esses achados sugerem que a eficiéncia muscular respiratoria,
alcancada com essa intervencao, foi insuficiente para mobilizar o diafragma e
modificar a mecanica ventilatéria, provavelmente pela presenca do tecido
adiposo que adicionou resisténcia ao sistema respiratorio.

Palavras-chave: treinamento muscular inspiratério, obesidade, musculos

respiratorios, diafragma.



ABSTRACT

Objective: To investigate if a 12-week muscular inspiratory training protocol
has an impact over pulmonary function and maximal respiratory pressures on
morbid obese subjects. Study Design: A total of 31 morbid obese individuals
were assessed for pulmonary function, diaphragmatic mobility (DM) and
maximal respiratory pressures. After de evaluation period the volunteers were
randomized in two groups: IMT group (n=16), followed a inspiratory muscular
training protocol for 12 weeks, 5 times a week, for 30 minutes with a training
load of 30% of maximal inspiratory pressure (PImax). In other hand the Control
group (n=15) followed the same protocol but without inspiratory load. Results:
After the IMT for 12-week, a significant increase at PImax was observed (-86.86
cmH,O * -20.70 versus -106.43 cmH,0O + -32.97, p<0.05) and MVV (97.84
L/min £ 37.06 versus 115.17 L/min £ 34.17, p<0.05) in the IMT group. Also no
significant changes were found over spirometric variables except for the forced
inspiratory volume in one second (FIV1) when TMI and Control group are
compared after the 12-week protocol (3,35 L £ 0,96 versus 2,22 L + 1,07,
p<0.05). No significant differences were found over the diaphragmatic mobility
after the TMI protocol at both groups. Conclusion: It was shown that B-mode
ultrasound can be a practical method to indirectly evaluate the right
hemidiaphragm excursion in morbidly obese to detect early diaphragmatic
dysfunction. At the present study, inspiratory muscular training improved
muscular inspiratory pressure, maximal voluntary ventilation and promoted
changed in FIV1. These finds suggests that muscular respiratory efficiency from
this intervention was insufficient to mobilize the diaphragm and modify the
ventilator mechanics, most due the presence of adiposity tissue which adds a
tremendous resistance over the respiratory system.

Key-words: inspiratory muscle training, obesity, respiratory muscles,

diaphragm.
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CAPITULO 1.

INTRODUCAO

Atualmente, a obesidade ganhou contornos pandémicos (Racette et al.,
2003). Caracterizada, mormente, pelo excesso de tecido adiposo, ela acaba
por contribuir no desenvolvimento de diversas doencas e no aumento da
mortalidade (Malnick e Knobler, 2006; Bult et al., 2008). Condi¢fes clinicas,
como diabetes mellitus tipo Il, acidente vascular encefalico, dislipidemia,
hipertensédo arterial, doencas cardiovasculares e respiratorias, depressdo e
alguns tipos de cancer, estdo intimamente associadas com a obesidade
(Després et al., 2001; Osch-Balcom et al., 2006).

Em termos de classificacdo, 0os obesos sdo ordenados, quanto a
gravidade da obesidade, de acordo com o indice de massa corporea (IMC)
(Després et al.,, 2001). A Organizacdo Mundial de Saude (OMS) define
obesidade grau | quando o IMC situa-se entre 30 e 34,9 kg/m2, obesidade grau
Il quando o IMC esté entre 35 e 39,9 kg/m? e obesidade grau Ill ou obesidade
mérbida quando o IMC ultrapassa 40 kg/m? (Racette et al., 2003). Apesar de
classificar os individuos quanto ao grau de obesidade, este tipo de indice ndo
leva em conta o tipo de distribuicdo e localizacdo da gordura. (Pankow et al.,
1998).

Recentemente nota-se um aumento no numero de obesos morbidos
(Campos et al., 2006). Dados divulgados em 2010 pelo Instituto Brasileiro de
Geografia e Estatistica (IBGE) indicam que ja é alarmante o numero de
pessoas com IMC = 30 kg/m? no Brasil, atingindo 14,8% da populacao

brasileira adulta, sendo 12,5% dos homens e 16,9% das mulheres.

Obesidade, Volumes e Capacidades Pulmonares

Quanto as repercussdes da obesidade sobre os sistemas fisioldgicos,

podemos observar alteracdes de varios sistemas corporais, dentre eles, o



sistema respiratério (Koenig, 2001). Os disturbios respiratorios associados a
obesidade ocasionam um aumento no consumo de oxigénio e no trabalho
respiratorio, comprometendo a tolerédncia a exercicios fisicos e afetando a
qualidade de vida de individuos obesos (Biring et al., 1999). Mesmo na
auséncia de doencas respiratOrias restritivas e obstrutivas, podem ocorrer
anormalidades  significativas na funcdo respiratéria, ocasionadas,

exclusivamente, pela obesidade (Poulain et al., 2006).

Dentre os disturbios respiratérios relacionados a obesidade, podemos
citar: déficit na mecanica respiratdria — com diminuicdo dos volumes e das
capacidades pulmonares -, diminuicdo da complacéncia do sistema
respiratorio, alteracdes na forca e na resisténcia (endurance) da musculatura
respiratéria, aumento da resisténcia nas pequenas vias aéreas, alteracdes no
drive e contrafacdes nos padrdes respiratorios (Auler et al., 2002; Laghi e
Tobin, 2003; Canoy et al., 2004; El-gamal et al., 2005).

No que diz respeito aos volumes e capacidades pulmonares, a
diminuicdo dos volumes pulmonares, caracteristica da obesidade, se da
principalmente por um componente exclusivamente mecéanico, entao o tipo de
distribuicdo de gordura corporal influenciar4 na relacado entre IMC e volumes
pulmonares. Existem diversos métodos para avaliar a gordura corporal, como a
circunferéncia do quadril, a relagdo cintura-quadril, altura abdominal e dobras
subescapulares ou bicipitais. O aumento da gordura corporal. Detectado por
estes métodos, esta relacionado com redugdo nos volumes pulmonares, mas
os estudos ndo conseguem diferenciar os efeitos da gordura toracica e
abdominal sobre a func&o pulmonar, sugerindo interdependéncia entre ambas
(Weiner et al., 1998).

Ainda sobre os volumes e capacidades pulmonares, os achados mais
frequentes na literatura do impacto da obesidade nessas variaveis, sdo a
reducdo da capacidade residual funcional (CRF) e do volume de reserva
expiratorio (VRE) (Salome et al., 2010). Essa reducdo se torna exponencial a
medida que o IMC cresce. Outra variavel também estudada é a capacidade
pulmonar total (CPT) e diversos estudos tém encontrado sua diminuicdo com o
aumento do IMC (King et al.,2005; Chen et al., 2007; Srinivas et al., 2011). As



demais variaveis espirométricas, como o volume expiratorio forcado no primeiro
segundo (VEF;), o pico de fluxo expiratério (PFE), capacidade vital (CV) podem
estar diminuidos (Costa et al., 2008).

A diminuicdo da CPT e das demais variaveis citadas acima, pode estar
associada a uma diminuicdo da mobilidade diafragmatica, devido ao acumulo
de gordura, limitando a expansao pulmonar, como também, a diminuicdo da
complacéncia total do sistema respiratorio (Lazarus et al., 1997; Boussuges et
al., 2009).

Obesidade, Funcdo Muscular Respiratoria e Ventilacdo Pulmonar

Existem controvérsias no que diz respeito a diminuicdo da forca e
endurance dos musculos respiratorios em individuos obesos. Alguns autores
relatam que as pressdes inspiratdrias e expiratorias maximas (PImax, PEmax)
encontram-se dentro da normalidade em individuos obesos (Kelly et al., 1988;

Magnani e Cataneo, 2007).

Uma das principais teorias que explicam a possivel reducédo na forca e
endurance da musculatura respiratoria € baseada na desvantagem mecanica
do masculo diafragma (Biring et al., 1999). Um diafragma excessivamente
alongado, principalmente numa posi¢ao de supino, coloca os demais musculos
respiratorios em uma desvantagem estrutural levando ha uma diminuicdo da

sua eficiéncia (Laghi e Tobin, 2003).

Outra possivel explicacao € o desequilibrio que a obesidade promove na
concentracéo de fibras musculares do diafragma, diminuindo a quantidade de
fibras tipo Il e aumentando as fibras do tipo | (“fast-to-slow shift”) (Tanner et al.,
2002). Esta mudanca no fenétipo das fibras musculares pode ser resultado do
aumento cronico do trabalho respiratério presente nos individuos obesos
(Koenig, 2001), havendo uma maior solicitagéo das fibras tipo |. Apesar desta
mudanca, a ventilacdo voluntaria maxima encontra-se consideravelmente
reduzida nestes pacientes, levando a uma intolerancia ao exercicio fisico. Essa
reducdo est4d associada ao aumento da carga total e a transformacao

incompleta das fibras musculares (Laghi e Tobin, 2003).



No que diz respeito a ventilacdo pulmonar, alguns estudos associam o
fato de que o aumento da resisténcia e complacéncia do sistema respiratorio,
bem como a carga inspiratdria decorrente da obesidade, aumenta
drasticamente tanto o consumo de oxigénio, quanto o trabalho respiratorio em
individuos obesos (Watson e Pride, 2005). Outros estudos mostram que
individuos obesos morbidos compensam o aumento do trabalho respiratorio,
duplicando o drive respiratério e a vazéo diafragmatica além da utilizacdo da
caixa toracica na ventilacdo basal. Desta forma, sua respiracao torna-se “rapida
e superficial’”, com aumentos na frequéncia respiratoria de até 50% do normal
(Pelosi et al., 1998; Olson e Zwillich, 2005).

Obesidade e Treinamento Muscular Inspiratério

Nos individuos obesos, o frequente insucesso do tratamento clinico,
geralmente dietético e medicamentoso, proporciona impacto na esfera
psicossocial e favorece o aparecimento de novas doencas, estimulando assim
o tratamento cirargico (Maggard et al., 2005). S&o duas as principais técnicas
empregadas na cirurgia bariatrica: os procedimentos malabsortivos e restritivos
(Capella e Capella, 2002).

Quanto as complicacdes pos-operatdrias, acredita-se que o0 grande
problema da cirurgia bariatrica esta nas complicagbes pulmonares,
principalmente a atelectasia, condicdo essa que pode ser explicada devido ao
fato da ineficiéncia da musculatura respiratoria, ap6s injaria dos agentes
anestésicos, em gerar forca e mobilizar volumes necessarios para que ocorra
uma ventilagdo adequada no individuo obeso (Christensen et al., 1991;
Pasquina et al., 2006).

Esta sindrome restritiva, associada ao procedimento cirargico desses
individuos, torna a fisioterapia respiratoria essencial na recuperacdo da funcdo
pulmonar e na prevencdo de complicacdes respiratérias. Diversos autores tém
utilizado o treinamento muscular inspiratorio, de forma pré-operatoria, como
ferramenta importante na prevencdo das complicacdes pos-operatorias e que

foi utilizada previamente em outros tipos de cirurgias toracicas, cardiacas e



abdominais (Nomori et al., 1994; Hulzebos et al., 2006; Dronkers et al., 2008;
Kulkarni et al., 2010; Barbalho-Moulin et al., 2011).

No entanto, parece ndo haver um consenso sobre tipo de protocolo
utilizado para treinamento muscular respiratorio. Dall’go et al. (2006), utilizaram
um protocolo de treinamento muscular inspiratorio por doze semanas, cinco
vezes por semana, trinta minutos por dia. Esses autores estabeleceram uma
carga de treinamento de 30% da Plmax e a mesma era ajustada

semanalmente para que se mantivesse os 30% da Plmax.

Ja Barbalho-Moulin et al. (2011), utilizaram o mesmo protocolo, embora
com uma duracgdo reduzida de duas a quatro semanas e cada sessdo durando
apenas quinze minutos. Villiot-Danger et al. (2011), por outro lado, utilizaram
um protocolo de treinamento de endurance respiratorio, de trinta minutos por
dia, por quatro dias, durante vinte e seis dias, onde a carga de treino foi
estabelecida em torno de 50-60% da ventilagéo voluntaria méaxima (VVM).

Sobre os fatores que influenciam o treinamento, apesar de uma carga de
30% da Pimax ser considerada de baixa intensidade, Dall'go et al. (2006) e
Barbalho-Moulin et al. (2011), relataram aumentos da forca muscular
inspiratéria. J& Villiot-Danger et al. (2011), apenas relatou melhora na VVM em
seus individuos. Além disso, mudancas da morfologia muscular apenas sao
alcancadas com o treinamento prolongado, levando até seis meses
(Mickleborough et al., 2008). Outros fatores a serem considerados sdo a
intensidade do treino, a freqiiéncia, e principalmente o objetivo do treinamento
(Enright et al., 2006).



OBJETIVOS

Objetivo Geral

e Determinar o efeito do treinamento muscular inspiratério sobre a
mobilidade do musculo diafragma, pressfes respiratdérias maximas e

variaveis da funcéo pulmonar em individuos obesos mérbidos.

Objetivos especificos

e Analisar as variaveis estudadas: mobilidade diafragmatica: respiracao
tranquila (RT), respiracdo voluntaria (RV), respiracdo profunda (RP);
Variaveis espirométricas: capacidade vital forcada (CVF), volume
expiratério forcado no primeiro segundo (VEF;) relacdo volume
expiratorio forcado no primeiro segundo e capacidade vital forcada
(VEF1/CVF), pico de fluxo expiratorio (PFE), capacidade inspiratoria vital
forcada (CVIF), volume inspiratério forcado no primeiro segundo (VIF;) e
relacdo volume inspiratério forcado no primeiro segundo e capacidade
inspiratorio forcada (VIF,/CVIF); Forca e resisténcia muscular
respiratorio: (pressao inspiratéria maxima (PImax), pressao expiratoria

méxima (PEmax), ventilacdo voluntaria maxima (VVM).

e Comparar as medidas da mobilidade do musculo diafragma, os valores
da funcdo pulmonar e os valores das pressdes respiratorias maximas,
em individuos obesos morbidos, antes e apds o protocolo de

treinamento muscular inspiratorio.



CAPITULO 2.

MATERIAL E METODOS

2.1 Casuistica

O protocolo do estudo foi aprovado pelo Comité de Etica em Pesquisa
com Seres Humanos da Universidade Federal de Pernambuco sob o numero
do CAEE - 0280.0.172.000-10. Foram avaliados trinta e um voluntarios obesos
moérbidos (indice de massa corpérea (IMC) maior ou igual a 40 Kg/m?), de
ambos os géneros (5 homens e 26 mulheres), sem historia clinica de doenca
cardiovascular ou respiratoria e com faixa etaria de 22 a 55 anos. Apés
randomizacao, os individuos foram alocados no Grupo Controle (GC: n=15) e
Grupo Treinamento Muscular Inspiratério (GTMI: n=16).

2.2 Avaliacdo da Forca Muscular Respiratéria

A avaliagdo da forga muscular inspiratoria e expiratéria foi obtida de
forma indireta através da mensuracdo da pressdo inspiratéria e expiratéria
maxima (PImax e PEmax, respectivamente) pelo manovacuémetro digital MVD-
300 (GlobalMed, Rio Grande do Sul, Brasil). Para a obtencdo da Plmax foi
solicitado que o paciente realizasse uma expiracao até volume residual seguido
de uma inspiragcdo maxima com a via aérea ocluida por clipe nasal e para a
PEmax foi solicitado que o paciente inspirasse até a capacidade pulmonar total
seguida de uma expiracao forcada. Trés manobras foram realizadas com o
paciente sentado, sendo considerado para avaliagdo a de maior valor. Os
valores preditos esperados para a populacdo brasileira, de acordo com o

género e a idade, foram obtidos a partir da tabela de Neder et al (1999).
2.3 Avaliagéo dos Volumes e das Capacidades Pulmonares

A espirometria foi realizada pelo espirbmetro portatii multifuncional
(Spirobank - MIR; Rome, Italy) e seguiu as normas preconizadas pela American
Thoracic Society (2002). Os sujeitos foram instruidos a realizar uma inspiracéo
profunda até capacidade pulmonar total (CPT), seguida de uma expiracao



forcada e prolongada ao nivel do volume residual (VR) para obtencdo dos
fluxos e volumes expiratérios forcados. Ao final da manobra de expiracdo
forcada, foi instruido para que se fosse feito uma inspiracdo profunda até a
CPT a fim de avaliar os fluxos e volumes inspiratérios forcados, através de um
bucal conectado ao espirdbmetro e com uso de clipe nasal. Foram realizadas
trés manobras, com intervalo de 2 minutos entre as mesmas, adotando-se 0s
maiores valores da capacidade vital forcada (CVF) e do volume expiratorio
forcado no primeiro segundo (VEF;). Os valores da CVF e do VEF; obtidos

durante as manobras deveriam apresentar variabilidade < 5%.

A partir da ventilometria foi avaliado a capacidade inspiratéria (Cl), a
capacidade vital lenta (CVL), o volume de reserva expiratério (VRE) e a relagcéo
VEF,/CVF. Para a avaliacdo da ventilacdo voluntaria méaxima (VVM) foi
solicitado ao paciente, apds instrucdo, que o0 mesmo deveria respirar 0 mais
rapido e profundo possivel durante 12 a 15 segundos. O volume mobilizado
neste periodo de tempo foi entdo extrapolado para o tempo de 1 minuto. Todas
as padronizacdes e realizacbes das manobras respiratorias seguiram as
recomendacdes da American Thoracic Society (2002) e os valores de predicdo
para a populacdo estudada seguiu as normas Sociedade Brasileira de

Pneumologia e Tisiologia de diretrizes para testes de funcéo pulmonar (2002).

2.4 Avaliacdo da Mobilidade do Hemidiafragma Direito pela

Ultrassonografia

Todos o0s exames foram realizado por um Unico e experiente
radiologista. Foi utilizado um ultrassom comercial Philips HD7 (Philips Medical
Systems, Bothell, WA, USA) com um transdutor convexo de alta resolucéo de
2,5MHz. Todos os individuos foram avaliados na posicao de decubito dorsal, e
o transdutor foi posicionado entre as linhas axillar media e anterior, na area
subcostal, e foi direcionado perpendicularmente sobre a parede téraco-
abdominal. O deslocamento cranio-caudal da borda anterior do figado foi um
ponto de escolha devido a uma melhor definicdo ecogréafica e foi observado
durante cinco movimentos movimentos de ciclos respiratorios. Esse
deslocamento foi entdo mensurado posicionando os “calipers” do equipamento

no maior e na menor posicao deste ponto de referéncia durante as seguintes



fases: respiracdo tranquila (RT), respiracdo voluntaria (RV) e respiracao
profunda (RP), claramente definidas por Boussuges et al. (2009). Vérios ciclos
respiratérios foram gravados e os valores foram obtidos pela média de pelo

menos 3 ciclos respiratoério.
2.5 Treinamento Muscular Inspiratorios

Para a realizacdo do TMI foi utilizado o dispositivo Threshold®
(Respironics, Cedar Grove, NJ, EUA). O protocolo de treino para ambos os
grupo (GTMI e GC) foi de trinta minutos por dia, dividido em 15 minutos pela
manh& e 15 minutos pela noite, cinco vezes por semana, durante 12 semanas.
No decorrer do treinamento, os pacientes foram orientados a manterem uma
respiracdo diafragmatica, com uma frequéncia respiratoria entre 15 a 20
respiracdes/min. Para o grupo GTMI a carga inspiratoria foi regulada em 30%
da pressao inspiratéria maxima, e semanalmente a carga de treinamento foi
ajustada para manter os 30% da PImax (DallAgo et al.,, 2006). O grupo

controle seguiu a mesma rotina, mas sem carga inspiratoria.
2.6 Andlise Estatistica

Os testes estatisticos foram realizados no software de estatistica (SPSS,
Chigado, IL). Os dados antropométricos, de funcdo pulmonar, das pressdes
respiratérias maximas e de mobilidade diafragmatica foram calculados e
expressos como média e desvio padréo. A distribuicdo dos dados foi analisada
pelo teste de Kolmogorov-Smirnov. Os resultados da ultrassonografia foram
submetidos ao ANOVA e o Tukey’s test. O Teste t de Student para amostras
pareadas e ndo pareadas foi utilizado na comparacdo intra e intergrupos.

Diferencas foram consideradas significantes quando p < 0,05.
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Abstract

Objective: To investigate if a 12-week inspiratory muscle training protocol has
any impact over pulmonary function, maximum respiratory pressures and
diaphragmatic mobility on morbidly obese subjects. Design: A total of 31
morbidly obese individuals were assessed for pulmonary function,
diaphragmatic mobility and maximum respiratory pressures. After the
evaluation, the volunteers were randomized in two groups: IMT group (n=16),
followed a inspiratory muscle training protocol for 12 weeks, 5 times a week, for
30 minutes (15 in the morning and 15 in the night) with a training load of 30%
of Plmax. The control group (n=15) followed the same protocol but without
inspiratory load. Results: After the IMT for 12 weeks, a significant increase at
maximal inspiratory pressure (Plmax) was observed (-86,86 + -20,70 versus -
106,43 + -32,97, P < 0,05) and maximal voluntary ventilation (MVV) (97,84 +
37,06 versus 115,17 + 34,17, P < 0,05) in the IMT group. No significant
changes were found over spirometrical variables except for the forced
inspiratory volume in one second (FIV1) when IMT and Control group are
compared after the 12-week protocol (3,35 + 0,96 versus 2,22 + 1,07, P < 0,05).
No significant differences were found over the diaphragmatic mobility after the
IMT protocol in both groups. Conclusion: At the present study, inspiratory
muscle training improved maximum inspiratory pressure, maximum voluntary
ventilation and promoted changed in FIV1. These results suggest that muscular
respiratory efficiency was insufficient to mobilize the diaphragm and modify the
ventilation mechanics, mostly due the presence of fat tissue which adds a
tremendous resistance over the respiratory system. Pre-operatively IMT may be

a valuable approach on obese patients to prevent post-operative pulmonary



complications. However, further studies needed to assess the effects of longer

protocols along all phases of bariatric surgery.

http://clinicaltrials.org - NCT01449643 - The Influence of Inspiratory Muscular

Training (IMT) on Diaphragmatic Mobility in Morbidly Obese.
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diaphragmatic mobility



Introduction

Obesity is characterized by excessive accumulation of adipose tissue,
which reverberates on the quality of life of an individual."® When body mass is
increased, the respiratory system is affected, causing lower tidal volume, higher
respiratory rate, lower lung compliance,, higher elastic and muscle work, lower
strength and endurance of the respiratory muscles, higher oxygen consumption

and high levels of fatigue.?”.

The muscles of respiration in morbidly obese individuals are found
inefficient and have low performance. This probably happens because of the
changes in muscle fibers due to the higher respiratory rate that is seen in these

individuals.*®

Aiming to rehabilitate these muscles, preview studies have used
selective muscle training using the spiroscope, and have achieved better
pulmonary function, aerobic capacity, strength and endurance of the respiratory
muscles, peripheral muscle vasodilation, cardiovascular control and quality of

life.”®

In morbidly obese individuals submitted to bariatric surgery, studies have
reported the benefits of inspiratory muscle training (IMT), which aims to improve
pulmonary expansion and to prevent post surgery complications. However,
these studies investigated the effects of short duration IMT (1-4 weeks) on
pulmonary function and maximum respiratory pressure and little is known about
long-term duration IMT on these pulmonary parameters and on diaphragmatic

mobility. 102



Therefore, the objective of the present study was to evaluate the
repercussions of a 12 week program of inspiratory muscle training on
pulmonary function, maximum respiratory pressure and diaphragmatic mobility

on morbidly obese individuals.
Materials and Methods
Study Design

This study was approved by the local Research Ethics Committee and
every volunteer signed an informed consent form to participate in the study. A
total of 31 (5 males and 26 females) volunteers were assessed, none of the
subjects had any cardiorespiratory or neurological medical condition. After initial
assessment, subjects were randomized in two groups: Control Group (n=15)

and Inspiratory Muscular Training Group (n=16).
Pulmonary Function Tests

The pulmonary function was assessed using a spirometer (Spirobank —
MIR; Rome, ltaly) and followed standard procedures.*® Forced vital capacity
(FVC); forced expiratory volume in one second (FEV1); ratio of forced
expiratory volume in one second to forced vital capacity FEV1/CVF); peak
expiratory flow (PEF); forced inspiratoy vital capacity (FIVC); forced inspiratory
volume in one second (FIV1); forced inspiratory volume in one second to forced
inspiratory vital capacity ratio (FIV1/FIVC); peak inspiratory flow (PIF); slow vital
capacity (SVC); expiratory reserve volume (ERV) and inspiratory capacity (IC)
was obtained before and after the IMT protocol. In addition Using maximal

voluntary ventilation (MVV) was checked. The patient was instructed to breath



as quickly and deeply as possible in a 12-15 seconds time. After the test, the

volume in that period of time was calculated for 1 minute time.*®
Respiratory Muscle Strength

The evaluation of the inspiratory and expiratory muscle strength was
done through measurement of the PImax and PEmax, respectively. A digital
manuvacuometer (MVD-300; GlobalMed; Rio Grande do Sul; Brazil) was used.
To asses Plmax, the patient was instructed to expire until residual volume,
followed by maximum inspiration, using a nose clip, and to check PEmax, the
patient was required to breathe until TLC followed by forced exhalation. The

maneuvers were made according to standard procedures®®.
Ultrasonographic Study of the Right Hemidiaphragm

We adopted the anteoinferior liver edge as an indirect reference point to
study the diaphragamatic movements. A single experienced radiologist has
done all the examinations using the commercial ultrasound device Philips HD7
(Philips Medical Systems, Bothell, WA, USA) with a 2,5MHz high-resolution
convex transducer. The subjects were evaluated in dorsal decubitus position,
and the transducer was placed between midaxillary line and the anterior axillary
line, at subcostal area, and directed perpendicularly to the thoracoabdominal
wall. The craniocaudal dislocation of the anteroinferior liver edge in a chosen
point with the best echographic definition and contrast was observed during
many respiratory movements. This dislocation was then measured by
positioning the equipment caliper cursors in the highest and lowest position of
this reference point during quiet breathing (QB), voluntary breathing (VB) and

deep breathing (DB) as clearly defined by Boussuges et al.** The cursors were



placed as shown in figure 1. Several respiratory cycles were recorded and the

data was obtained by the average of at least three different cycles.
Inspiratory Muscular Training

For the IMT training protocol a Threshold® device (Respironics, Cedar
Grove, NJ, EUA) was used. The training protocol for both groups was 30
minutes per day, divided in two sessions of 15 minutes, five times per week,
during 12 weeks. During the training sessions the subjects were encouraged to
sustain a diaphragmatic respiration with a respiratory rate between 15-20
breaths per minutes. For the IMT group a load of 30% of the Plmax was
established, and this load were adjusted weekly to maintain the 30% of the
PImax as described at Dall'Ago et al.* In adition for the CG no inspiratory load

were established.
Statistical Analysis

Statistical tests were performed in statistical software (SPSS, Chigado,
IL). Anthropometric data, pulmonary function, maximal respiratory pressures
and diaphragm mobility were calculated and expressed as mean and standard
deviation. Data distribution was analyzed by the Kolmogorov-Smirnov. The
Student t test for paired and unpaired samples was used to compare intragroup

and intergroup. Differences were considered significant when p < 0,05.
Results

Out of the thirty-one volunteers assessed and included in the study,
seventeen were excluded from the research: 7% of them had surgery during

training process; 5% were absent after the 12 week program, 3% could not



execute the tests correctly and 2% chose not to participate anymore. Picture 2
shows the screening flowchart of the morbidly obese individuals evaluated in

this study.

Table 1 demonstrates the characterization of the sample as to age
(years), anthropometric measurements: body mass index — BMI (kg/ m?);
spirometrical variables: FVC (L), FEV1 (L), FEV1/FVC (%), PEF (L/s), FIVC (L),
FIV1 (L), FIVL/FIVC (%), PIF (L/s, IC (L), SVC (L), ERV (L); strength and
endurance of the respiratory muscles: PImax e PEmax (cmH20), MVV (L/min);
and diaphragmatic mobility: quiet breathing (cm), voluntary breathing (cm) and

deep breathing (cm).
Respiratory Muscle Strength and Endurance

Both groups had similar results before IMT. After IMT, significant
increase of PImax and MVV was observed in the IMT group, however, PEmax
did not show any difference after the program. In the control group there was no
significant difference in the variables MVV, PImax and PEmax after IMT (table

2)
Spirometric Parameters

Table 2 demonstrates the baseline of the spirometrical variables (FVC,
FEV1, FEV1/FVC, PEF, FIVC, FIV1, FIV1/FIVC%, PIF). It also shows similarity
between IMTG and CG (p>0,05 for all comparisons). Variables IC, SVC and
ERV had significant differences when IMTG is compared with CG. After
inspiratory muscle training, significant increase of FIV1 on IMTG is verified.
Significant decrease of CG was observed when compared to variables

FIV1/SVC% and ERYV at the end of the 12 weeks of intervention. (Table 2).



Diaphragmatic Mobility

No significant difference was observed in the baseline results of QB, VB
and DB on IMTG and CG, which reflects the similarity between the groups. In
addition to that, no significant differences of this variable were seen after the 12

week IMT program in both groups. (Table 2).
Discussion

The present study, using IMT protocol in morbidly obese individuals
during 12 weeks, promoted positive changes on strength and endurance of the
respiratory muscles. However, it could not demonstrate significant impact in the

pulmonary function nor in the diaphragmatic mobility in these individuals.

Previews studies using IMT protocols were conducted in four weeks
period or less.***#® To our knowledge, the present study is the first one to use
a long term IMT protocol and we chose that to analyze the repercussions upon
the respiratory system in morbidly obese individuals. The 12 week IMT protocol

was conducted as described by DallAgo et al.™

Barbalho-Moulim et al.'?, using inspiratory muscle training protocol from
two to four weeks and training load settled in 30% of maximum inspiratory
pressure, found significant changes on the maximum inspiratory pressure in
obese individuals. In the present study, after twelve weeks of intervention, we
also observed positive repercussion of IMT over inspiratory muscle strength on
morbidly obese individuals. This probably is explained due to the benefits of the

selective training, which allowed higher capacity of generating strength.*"*®



Even with the development of the inspiratory muscle strength, no
significant changes on the diaphragmatic mobility were observed. This is
probably explained due to stance influence, that is, while evaluating
diaphragmatic mobility by ultrasonography, the individuals were in supine
position, which may have interfered the results. When in supine position,
morbidly obese individuals have maximum inspiratory pressure reduced in 50%,
due to excessive stretch of the diaphragm, decreasing their capacity of
generating strength.*® Furthermore, obese individuals have mechanical
disadvantage of the diaphragm due to the accumulation of body fat in the
abdomen, which results in lower efficiency and mobility.?° To our knowledge,
the present study was the only one to check diaphragmatic mobility through

ultrasonography.

Our results were similar to the ones found by Barbalho-Moulim et al.’?,

who evaluated the diaphragm through thoracic radiography. No significant
changes of diaphragmatic mobility were found, even though we used different

methods to evaluate the movements of this respiratory muscle.

The changes in muscle fibers, from fast to slow in obesity, causing

chronic increase of respiratory rate, can also be a plausible influence.*

Preview studies conducted by Villiot-Danger et al.'®, authors used a
muscle endurance program of three to four weeks, with training load of 60-80%
of maximum voluntary ventilation in obese individuals. Though the authors did
not observe significant changes on inspiratory muscle strength, there was a
significant increase of maximum voluntary ventilation in the group submitted to

the experimental protocol. Despite the different methods used by J-C Villiot-



Danger et al.'® and the present study, we also observed significant increase of
the maximum voluntary ventilation after inspiratory muscle training. Despite the
evidence regarding the predominance of slow fibers or muscle fibers in
incomplete transition of the diaphragm muscle (fast to slow fibers) in obesity,
muscle endurance is reduced in the morbidly obese individuals.?* This may be
associated to higher work load imposed to the respiratory system due to
accumulation of adipose tissue. With the improvement of the maximum
voluntary ventilation after the inspiratory muscle training protocol, obese
individuals have the work load reduced, as well as the oxygen consumption

levels.'®

Regarding the training protocol conducted by Barbalho-Moulim et al.*?,
the authors used fifteen minutes in the daily exercise routine and the present
study used two daily fifteen minutes sessions, a total of thirty minutes. The

protocol chosen by the present study was also used in preview studies.***>*°

Regarding the spirometric parameters, we observed significant increase
on FIV1 after intervention in the IMT group. No other spirometric variables had
significant changes. It is known that FIV1 is used to quantify extra thoracic
airway obstructions.”® The obstruction in morbidly obese individuals can be
seen as a result of the body fat deposit in the thoracic cavity as well as in the
neck area, resulting in a lower chest wall compliance and modifications on the
size of the central airways, decreasing FIV1.?* In the present study, as a
consequence of the influence of IMT on inspiratory muscles, characterized by
the increase of maximum inspiratory pressure, it is believed that the gain,

specifically the speed in generating pressure(contraction) , has a beneficial



effect in decreasing airways resistance and making gas exchange easier in

morbidly obese individuals.

It was also observed significant decrease of ERV in the control group,
which was submitted to twelve weeks of selective intervention with no work
load. According to Jones and Nzekwu?, this happens due to the severity of
obesity, and it seems to reduce after bariatric surgery, unlike the other

spirometric variables, which can be reduced or not.

There are some limitations to this study. Spirometric and sonographic
measurements were not performed simultaneously. The prevalence in both
groups for females and males were not matched. Although no statistical
difference in respiratory muscle strength and endurance between groups were
observed. Sonographic measurements were performed by one physician in this

study and the interobserver variability could not be evaluated.

In conclusion, inspiratory muscle training significantly increased maximal
inspiratory pressure, maximal voluntary ventilation and made changes on FIV1.
Furthermore, the other spirometric variables and right diaphragmatic excursion
did not show significant changes after training in morbidly obese individuals.
Results suggest that the efficiency of the respiratory muscles reached after the
intervention was insufficient to have an impact on diaphragmatic mobility and to
modify ventilation mechanics, most probably due to the presence of adipose
tissue, which adds resistance to the respiratory system. Although, prior to
bariatric surgery IMT may be a valuable approach on obese patients to
attenuate post-operative pulmonary complications. However, further studies

needed to assess the effects of longer protocols and in these patients.
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FIGURES

Figure 1. Diaphragmatic assessment. Left and Right Column from Upper to
Bottom are: Deep Breath (DB), Voluntary Breath (VB) and Quiet Breath (QB).
Placements of expiratory calipers are showed by the number “1” and inspiratory

calipers are showed by the number “2”.
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Figure 2. Flow chart of study subjects
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TABLES

Table 1 - Baseline Data in Morbid Obese.

Morbid Obese

Variables

(n=14)
Age (years) 35,64 + 8,87
BMI (Kg/m?) 45,26 + 4,05
FVC (L) 3,16 + 0,88
FEV, (L) 2,77 £ 0,67
FEV1/FVC (%) 88,05 + 4,52
PEF (L/s) 6,25+ 1,58
FIVC (L) 2,95+ 0,83
FIV1 (L) 2,86 + 0,85
FIVL/FIVC (%) 98,84 + 5,03
PIF (L/s) 3,85+1,21
SVC (L) 3,23 +0,87
FEV1/VC (%) 86,98 + 12,41
ERV (L) 0,61 +0,29
IC (L) 2,06+0,6
PImax (cmH,0) -81,36 £-17,73
PEmax (cmH,0) 89,05 + 18,10
MVV (L/min) 90,36 + 30,17
Quiet Breath (cm) 1,81 +0,44
Voluntary Breath (cm) 4,05+ 1,27
Deep Breath (cm) 5,75+ 1,45

Data are presented as mean + SD. BMI - body mass index; FVC - forced vital capacity; FEV1 -
forced expiratory volume in one second; FEV1/FVC - ratio of forced expiratory volume in one
second to forced vital capacity; PEF - Peak expiratory flow; FIVC - forced inspiratoy vital
capacity; FIV1 - forced inspiratory volume in one second; FIV1/FIVC - ratio of forced inspiratory
volume in one second to forced inspiratory vital capacity; PIF - Peak inspiratory flow; SVC - slow
vital capacity; ERV - expiratory reserve volume; IC - inspiratory capacity; PEmax - maximal

inspiratory pressure; PEmax - maximal expiratory pressure; MVV - maximal voluntary ventilation



Table 2 - Respiratory muscle strength and endurance, pulmonary function and

diaphragmatic mobility in the IMT and Control Groups.

IMT Group Control Group
(n=7) (n=7)

Variables 12-Week 12-Week

Baseline Intervention Baseline Intervention
PImax (cmH,0) 86,86 £ 20,70 106,43 + 32,97* 7586+ 13,47 77,71+ 11,71
PEmax (cmH,0) 93,71+21,46 105,14 +22,03 85,29 + 14,42 95 + 35,74
MVV (L/min) 97,84 +37,06 115,17 +34,17* 82,89 + 21,66 85,60 + 17,61
FVC (L) 3,36+ 1,15 3,58 £ 0,96 2,96 £ 0,52 2,96 + 0,62
FEV; (L) 2,92 +£0,83 3,10 £ 0,76 2,61 0,48 2,59 0,55
FEV1/FVC (%) 88,10 + 6,40 86,90 + 3,69 88+1,81 87,47 + 2,46
PEF (L/s) 6,80 £ 1,91 6,68 + 1,37 5,70 £ 1,02 5,68 + 1,20
FIVC (L) 3,18 £ 1,09 3,37+0,95 2,73+0,44 2,81 +0,58
FIV1 (L) 3,13+ 1,11% 3,35+ 0,96 2,59 + 0,41 2,22 +1,07***
FIV1/FIVC (%) 98,37 £ 3,62 99,33+£1,61 95,3 £ 6,02 82,79 £ 36,21
PIF (L/s) 4,27 +1,46 4,95+ 1,20 3,42 £0,77 3,76 £ 1,23
SVC (L) 3,71 £ 0,97* 3,5 1,24 2,75 + 0,40 3,12 £ 0,61
FEV1/VC (%) 79,17 +10,37** 90,73 + 11,93 94,77 £ 9,17 83,97 + 15,42*
ERV (L) 0,67 + 0,39 0,67 0,48 0,54 £ 0,16 0,36 + 0,23*
IC (L) 3,03 £ 0,61** 2,83 +0,90 2,22 £ 0,33 2,76 + 0,63*
Quiet Breath (cm) 1,72+0,24 2,04 £0,70 1,90 £ 0,58 1,68 £ 0,54
Voluntary Breath (cm) 457+1,.21 4,04 +1,29 3,53+1,17 3,10+0,78
Deep Breath (cm) 6,27 £ 1,76 6,49 £ 2,05 5,24 + 0,90 5,563+1,07

Data are presented as mean = SD. FVC - forced vital capacity; FEV1 - forced expiratory volume
in one second; FEV1/FVC - ratio of forced expiratory volume in one second to forced vital
capacity; PEF - Peak expiratory flow; FIVC - forced inspiratoy vital capacity; FIV1 - forced
inspiratory volume in one second; FIV1/FIVC - ratio of forced inspiratory volume in one second
to forced inspiratory vital capacity; PIF - Peak inspiratory flow; SVC - slow vital capacity; ERV -
expiratory reserve volume; IC - inspiratory capacity; MIP - maximal inspiratory pressure; MEP -
maximal expiratory pressure; MVV - maximal voluntary ventilation.
*p<0,05 for 12-Week intervention vs. Baseline

**p<0,05 for IMT Group vs. Control Group at Baseline
***n<0,05 for Control Group vs. IMT Group at 12-Week Intervention



CAPITULO 5.

CONSIDERACOES FINAIS

Ao nosso conhecimento, este estudo foi o primeiro a descrever a
excursdo do hemidiafragma direito através da ultrassonografia modo-B em
individuos obesos moérbidos. Desta forma, a avaliacdo da mobilidade do
diafragma torna-se util na identificacdo precoce de disfun¢des importantes na

funcdo pulmonar nos individuos obesos mérbidos.

Além disso, foi mostrado neste estudo que um protocolo de doze
semanas de treinamento muscular inspiratérios mostrou-se util em melhorar a
forca muscular inspiratéria, a ventilagdo voluntaria méaxima e o volume
inspiratério forgado no primeiro segundo. Esses achados permitem sugerir a
indicacdo desse protocolo de treinamento muscular seletivo em obesos

morbidos a serem submetidos a cirurgia bariatrica.
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