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Background: Obesity may affect the respiratory system, causing changes in respiratory function and in
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thoracoabdominal complex at rest and during maximal voluntary ventilation (MVV), and the contribution

obese and non-obese patients. Materials and Methods: We studied 16 patients divided into two groups:
the obese group (n = 8) and group non-obese (n = 8). The two groups were homogeneous in terms of
spirometric characteristics (FVC mean: 4.97 £ 0.6 L- 92.91 + 10.17% predicted, and 4.52 + 0.6 L - 93.59 £
8.05%), age 25.6 = 5.0 and 26.8 + 4.9 years, BMI 24.93 + 3.0 and 39.18 + 4.3 kg/m2 in non-obese and
obese respectively. All subjects performed breathing calm and slow and maneuver MVV, during
registration for optoelectronic plethysmography. Statistical analysis: we used the unpaired t test and
Mann-Whitney. Results: Obese individuals had a lower percentage contribution of the rib cage
abdominal (RCa) during breathing at rest and VVM. The variation of end expiratory (EELV) and end
inspiratory (EILV) lung volumes were lower in obese subjects. It has been found asynchrony and higher

distortion between compartments of thoracoabdominal complex in obese subjects when compared to

non-obese. Conclusions: Central obesity impairs the ventilation lung, reducing to adaptation efforts and

increasing the ventilatory work.
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INTRODUCTON

It is well documented that, for the most extreme degrees of
adiposity, the excess of adipose tissue around the chest can
profoundly affect the respiratory system, causing changes
in respiratory mechanics and gas exchanges.!3 When
pulmonary restriction is evidenced, it is attributed to the
decrease in diaphragmatic excursion by the increase in
abdominal adiposity or weight in the chest wall, leading to
a reduction in lung volumes when compared with the
predicted values.# The spirometric abnormalities most
commonly reported in the obese are a reduction in the
expiratory reserve volume (ERV) and the functional
residual capacity (FRC), with the latter being exponentially
related to the body mass index (BMI)56. Such restriction
has been observed only in patients with alveolar
hypoventilation syndrome, since they are carriers of
extreme obesity.13

Increases in BMI also progressively increase the prevalence
of symptoms, such as the sensation of dyspnea at rest’.
Besides, the pattern of body fat distribution, even before
the BMI alone, can also have a more negative influence on
the lung volumes of obese subjects than the BMI alones.
Thus, other measures of adiposity such as waist (WC)? and
neck (NP)10 and waist-hip (WHR)8 have been taken as
important predictors of lung function.

Lung ventilation is functionally the product of two
compartments, thoracic and abdominal, working in sync
during the respiratory act!l. When the displacement
between these compartments becomes asynchronous, the
thoracoabdominal movement can contribute to changes in
ventilation efficiency, increasing respiratory work and
maximum oxygen consumption!213. The study of
thoracoabdominal asynchrony has been highlighted in
several areas!417. Especially in the obese, such asynchrony
can reflect in the reduction of the ventilation in the
pulmonary base leading to the early closure of the
peripheral lung units. The study of thoracoabdominal
asynchrony has been especially important in the
postoperative period where these abnormalities tend to be
exacerbated and in the evaluation of the effectiveness of

techniques for increasing lung ventilation14.

The increase in abdominal volume, among other aspects,
can modify the diaphragmatic curvature and its apposition
zone and location in the lower region of the rib cage, which
compromises the efficiency of this muscle and the overload
of others!8. Initial studies have shown divergent results
about static muscle strength in obesity19.20. However, there
seems to be a consensus regarding the ability to generate
high pulmonary flows, translated by the decrease in
maximum voluntary ventilation (MVV), which appears to
be altered especially in central adiposity10.21,

Although several hypotheses have been attributed to justify
the decrease in ventilatory performance in the obese, there
still seems to be no complete understanding of the
restrictive respiratory disorder observed, especially with
regard to the study of thoracoabdominal asynchrony at rest
and in high pulmonary flow maneuvers. Thus, the
objectives of this study were to evaluate the influence of
obesity on the movement of the thoracoabdominal complex
during rest and maximum voluntary ventilation, as well as
the contribution between the different compartments of
this complex (Pulmonary rib cage - RCp), Abdominal rib
cage - RCa and Abdominal - Ab) and changes in chest wall

volume and between obese and non-obese individuals.

MATERIALS AND METHODS

Subjects

The study is a cross-sectional study, with the collection
being carried out from September 2010 to January 2011,
with groups of obese and non-obese individuals, carried
out at the Pneumocardiovascular Physiotherapy Lab of the
Federal University of Rio Grande do Norte, by the same
evaluator, physiotherapist, trained with the technique,
during the night.

The sample was selected by convenience, participating in
the study, volunteer men distributed in two groups: obese
group with central obesity (WHR = 1.0 £ 0.01); and a group
of eutrophic. Inclusion criteria were: obese with BMI
between 35 kg/m2 and 45 kg/m2, all-male, active, able to
perform respiratory examinations (spirometry,
optoelectronic plethysmography, and MVV), aged between
eighteen and forty years, with no history of previous lung
disease or chest surgery in the last six months before the

study. Present the Forced Vital Capacity (FVC) greater than



Jour Resp Cardiov Phy Ther. 2016; 5(2): pag. 11-19

80% of the predicted individual and the relationship
between the maximum expiratory volume per second and
the FVC greater than 80% of the predicted?223, Patients
with neurological deficits were excluded from the sample,
those who were unable to perform all the necessary
procedures for evaluation, or those who, at any time,
requested to withdraw from participating in the study. As a
preparatory recommendation, all individuals were
informed about not having teas, drinks containing caffeine,
soda or using any stimulant less than three hours before
the evaluation. Strict physical exercise restriction was also
indicated in the twelve hours before the assessment23. All
subjects, before being admitted to the study, signed the
Free and Informed Consent Form. The study was approved
by the Research Ethics Committee (CEP) under n2 148/07,
of the Federal University of Rio Grande do Norte (UFRN),
according to resolution 196/96 of the National Health

Council.

Physical activity level and BMI

Initially, individuals were assessed for anthropometry and
level of physical activity, measured BMI, WC, CQ, and WHR
according to the standard previously described2425 and
thus determined the degree of obesity and the pattern of

distribution of body adiposity.
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Spirometry

Spirometry was previously performed on all individuals to
characterize a healthy sample from a spirometric point of
view. Thus, individuals were included according to the
criteria previously defined. The exam was performed
according to the acceptance standards previously
described?3. The equipment used was the DATOSPIR 120
(SibelMed Barcelona, Spain) coupled to a microcomputer
and calibrated daily. The VVM maneuver was performed
over a period of ten to fifteen seconds, as previously
described?3. All maneuvers were recorded on the
spirometer itself, while the pressure behavior of the test
was recorded on the Micro Medical Software software

(Spida 5, Puma).

Thoracoabdominal complex kinematics

The individuals were previously instructed on the
instrumentation, and the ventilatory pattern to be adopted
in each capture maneuver. The collection of pulmonary
ventilation variables was collected in two moments: at rest
with the VC maneuver and then (time) with the VVM
maneuver.

For the evaluation of the thoracoabdominal complex
kinematics, we used the optoelectronic plethysmograph
(OEP, BTS, Milan, Italy), whose motion analysis was
captured by six cameras arranged along the room (3

positioned before the subject and 3 positioned later).
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Figure 1 - General arrangement of markers. Anterior and Posterior View.
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We used a model of protocol made with 89 reflective
infrared markers, fixed on the subject's chest using bi-
adhesive hypoallergenic tape over the subjects’ skin,
positioned in a grid system consisting of seven horizontal
lines arranged circumferentially between the level of the
clavicle and the anterior superior iliac spine. Along these
lines, the markers were positioned anteriorly (42),
posteriorly (37) and laterally (10) in five columns and an
additional bilateral column in the middle axillary line26.27.
The subjects were placed in a seated position on a backless
bench, centered on a system of six previously calibrated
cameras. An image processor detected the reflection of the
infrared at the points, allowing the specific software to
design a model in three dimensions, linking the markers in
various triangulations, which, based on Gauss' theorem,
provided continuous measurements of the volumes of the
entire trunk (Chest Wall), in addition to
compartmentalization of the trunk into three components:
an upper one, the pulmonary rib cage (Rib cage pulmonary
- RCp); one intermediate, the abdominal rib cage (Rib cage
abdominal - RCa) and one lower, the abdomen (Abdominal -
Ab). Changes in the thoracoabdominal complex were
recorded in the OEP Capture26 software. For the measures
of thoracoabdominal synchrony, the following measures
were taken: changes (A) in volume between breathing at
rest and VVM maneuver, the percentage of contribution of
each chest wall compartment, the phase angle (PhAng -
reflects delay in excursions of the chest wall
compartments), the inspiratory phase relationship (PhRIB -
expresses the percentage of inspiration in which the
movement of the rib cage and abdomen are in the opposite
direction), the expiratory phase relationship (PhREB -
expresses the percentage the expiration in which the
movement of the rib cage and abdomen are in the opposite
direction) and the total respiratory phase relationship
(PhRTB - expresses the percentage of the breathing cycle in
which the movement of the rib cage and abdomen are in

the opposite direction).

Statistical analysis

Statistical analysis was performed using the GraphPad
Prism 4.0 for Windows software. For all data, we applied
the Shapiro-Wilk test to verify the normality of the

distribution. To verify the difference in means between the

obese and eutrophic groups, with normal distribution, we
applied the unpaired t test. For those who were not

parametric, we used the Mann Whitney test.

RESULTS

Twenty individuals were analyzed, 12 obese and 8
eutrophics. Of these, 4 obese were excluded due to
technical problems in the mathematical models, which did
not allow the analysis of volumes. Thus, 8 individuals were
studied in the obese group and 8 in the eutrophic group.
The individuals in both groups were homogeneous in terms
of spirometric characteristics (mean FVC: 4.96 L - 92% of
predicted, and 4.52 L - 93%), age 25.6 and 26.8 years in
eutrophic and obese individuals, respectively. As expected,
there was a significant difference concerning the groups'
anthropometric measurements. The mean BMI of non-
obese individuals was 24.9 and 39.2 kg / m2 in obese
individuals (p <0.0001). The general baseline
characteristics of the other anthropometric and spirometric
measurements of the individuals are shown in table 1.
Table 2 presents the results of the percentage of
contributions to the ventilation of the chest wall
compartments between the groups. During tidal volume at
rest, it was observed that Ab contributes more to the result
of ventilation in both groups. In this maneuver, the
contribution of compartment Ab is followed by RCp and
RCa, which contributes less to ventilation than RCp and Ab.
In this respect, the contribution of RCa was lower (p = 0.01)
in obese individuals for the same compartment than in
non-obese individuals.

During the VVM maneuver, non-obese individuals modified
the compartment contribution pattern, with RCa
contributing in second place to pulmonary ventilation.
About non-obese patients, the pattern of contribution to
pulmonary ventilation in the RCa compartment is much
lower compared to non-obese patients (p = 0.07).

Volume variations between obese and eutrophic subjects
were obtained by comparing breathing at rest and the MVV
maneuver between the two groups. A similar variation (A)
was observed in the tidal volume of the chest wall (Chest
Wall - Cw) between the two groups studied and a
significant percentage difference and in liters in the
variations in expiratory lung volumes (p = 0.02, for the

percentage, ep = 0.003, for liters) and final inspiratory (p
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<0.0001, for the percentage, and p = 0.008, for liters) (EELV
and EILV), as shown in table 3.

Table 4 shows the comparison of asynchrony and
distortion variables between obese and eutrophic
individuals. The phase angle (PhAng) between the
pulmonary ribcage (RCp) and the abdominal ribcage (RCa)
of the obese was greater than that of the eutrophic (p =
0.03). The inspiratory phase (PhRIB) and total respiratory
phase (PhRTB) relationships were higher in obese subjects,
comparing all compartments of the chest wall (PhRIB AB x
RC, p = 0.03; RCa x RCp, p = 0.003 ; AB x RCa, p = 0.006;
PhRTB AB x RC, p = 0.03; RCa x RCp, p = 0.005; AB x RCa, p
= 0.009) while the expiratory phase relationship (PhREB)

did not show statistical significance only between the

Table 1- Anthropometric data, spirometric variables and physical activity level of
the participants.

Eutrophics Obese
Sample 8 8
Anthropometric Variables
Age (years) 2563 £5,07 26,88 +4.19
Weight (kg) 76,20 + 12,43 117,80 + 8,42*
Height (cm) 1753 +4,89 1735+ 8,00
BMI (kg/m?) 24,93 £3,02 39,18 +4,36%
Spirometric Variables
FVC(L) 4971060 452+0,63
FVC% 92,91+ 10,17 93,59 +8,05
FEV: (L) 421+053 3,87+055
FEV:% 94,55 +9,40 94,02 + 10,62
FEV:/FVC 82,27+ 10,25 8490+ 3,63
FEV4/FVC% 97,68 + 11,99 84,64 +2,02*
MWV (L/min) 1593+ 21,44 155,1 + 17,44
MVWV% 87,84 + 16,01 91,33+9,20
Physical Activity Level
HAP (AAS) 8713522 802+54

FVC = forced vital capacity, FVC% = percentage of predicted values for FVC,
FEV1 = forced expiratory volume in one second, FEV1% = percentage of
predicted values for FEV1, FEV1 / FVC = ratio between FVC and FEV1, FEV1/
FVC% = percentage of predicted values for FEV1 / FVC, MVV = maximum
voluntary ventilation, MV\V% = percentage of predicted values for MVV, AAS =
adjusted activity score by the Human Activity Profile. *Significant difference
(p=0,05)

abdominal compartment and the rib cage (PhREB RCa x
RCp, p=0.008; AB x RCa, p = 0.02).

DISCUSSION

The present study was conducted to assess lung volumes
and the contribution of thoracoabdominal complex
compartments to obesity in breathing at rest and during
the MVV maneuver. A second objective was to investigate
the presence of asynchrony and distortion between the
thoracoabdominal compartments, in the obese and
eutrophic control subjects. The percentage contribution of
the rib cage during ventilation was lower in breathing at
rest, worsening during the MVV maneuver. The variations
of EILV and EELV were also lower in obese subjects, when
compared to the control group. There was distortion in
PhAng RCaxRCp and distortions and asynchrony in the
analysis of PhRIB, PhREB and PhRTB, for all compartments.
To our knowledge, this is the first time that these results
have been presented.

The proper functioning of the respiratory system requires
that the lungs and chest wall have normal compliance and
that the muscles have the necessary strength and tone, with
the diaphragm remaining aciform, making it possible,
through its contraction, to increase the volume of the chest.
thoracic1l8. In obese individuals, the diaphragm muscle is
located more superiorly in the abdomen compared to
individuals without abdominal obesity. Our obese group
had a predominantly higher body fat distribution pattern
(WHR = 1.1). Although the abdominal distribution was
measured indirectly, we believe, similar to what is pointed
out in other studies?8-30, that the excessive deposition of
adipose tissue around the chest and abdominal wall can
change the length-tension curve of the diaphragm, these
facts may support the decrease in the contribution of RCa at
rest.

In obese individuals, the diaphragm muscle is located in a
superior position. These facts can support the lower
contribution of RCa (27.12 * 5.63, p <0.010) at rest. Study
participants had an android pattern of adiposity
distribution, suggesting changes in diaphragmatic
apposition and possible impairment of their function due to

changes in the length-tension curve.
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Table 2 - Percentage contribution of chest wall compartments in ventilation
between obese and eutrophic subjects during QB and MVV maneuver.

Table 3 - Chest wall volume variations between obese and eutrophic subjects,
comparing resting breathing and MVV maneuver between the two groups.

Variables Eutrophics Obese Variables Eutrophics Obese
RCpas % 35,26 £7,15 34,80 £9,98 A% VTew 53,74 + 13,60 53,76 + 6,54
RCaas % 2712 £563 19,36 + 4,84 AVTow (L) 0,87 +0,30 1,07 £0,14
Abcs % 37,62 + 8,56 43,14 + 12,55 A% EEVow 318+179 0,59 + 0,98
RCpumvv % 26,08 4,13 3425+ 11,33 A EEVew (L) 0,74 + 0,40 0,23 + 0,40
RCamvw % 38,74+ 12,95 19,35 + 11,40 A% ElVow 6,33+ 1,78 1,08 + 1,44*
Abma % 4229 + 11,13 46,40 + 19,46 AENew (L) 1,60 + 0,42 0,83 +0,56*

AVTcw (L)= Variation in liters of tidal volume in the chest wall between resting
breathing and maximum voluntary ventilation, A EEVcw (L)= Variation in liters
of end-expiratory volume in the chest wall between resting breathing and
maximal voluntary ventilation, A EIVew (L)= Variation, in liters, of the end-
inspiratory volume in the chest wall between resting breathing and the

RCPas %= percentage of contribution of pulmonary rib cage to ventilation during
tidal volume, RCaas %= percentage of contribution of abdominal rib cage, ABag
%= percentage of contribution of abdomen, RCPwmw %= percentage of pulmonary
rib cage contribution to ventilation during maximal voluntary ventilation, RCamw
%= percentage of abdominal rib cage contributio, ABuw %= percentage of

abdomen contribution. *Significant difference (p<0,05)

The VVM maneuver during spirometry was similar
between groups. This finding is supported by the fact that
MVV behaves, in relation to BMI, increasing proportionally
in non-obese subjects and presenting an inverse
relationship from BMI above 45kg/m231. Although our
obese patients have BMI slightly below these values, in the
ventilation analysis performed with the POE, the
discrepancy in the contribution of the thoraco-pulmonary
compartments between the groups was greater during this
test. The MVV maneuver requires an increase in respiratory
rate, so the diaphragm's relaxation time would be further
reduced, due to the hyperdistension caused by central fat.
We can attribute the absence of significant changes in the
contribution of the RCp and the Ab to the fact that the RCp
receives support from the accessory musculature to
compensate for the overload in this compartment, while
the Ab would be compensated due to being the part of the
thoracoabdominal complex more flexible.

We found no differences in AVCcw between eutrophic and
obese individuals. A study carried out with eight obese and
six eutrophic individuals found that these first
compensated the tidal volume with an increase in
respiratory rate and with shallow breaths32. However,
AEELVcw and AEILVcw were significantly lower in the obese
subjects in our study. EELV regulation is critically
important in exercise, with activation of expiratory
muscles, optimizing the diaphragmatic length for the
development of strength and accumulating elastic energy

that will be used to assist the next inspiration. Also, this

maximum voluntary ventilation. *Significant difference (p<0,05)

phenomenon helps to maintain lung volumes operating
within the linear portion of the pressure-volume ratio,
decreasing the inspiratory elastic load and keeping the EILV
below the CPT and the inspiratory flow within 75% of the
maximum available flow33. Despite not being characterized
as an exercise, VVM implies an additional burden to the
ventilatory act. In a study evaluating 20 healthy subjects,
with normal spirometry, demonstrated that the load
generated by this maneuver at the inspiratory peak in men
was 34.7 (* 5.3) cmH20, and at the expiratory peak, it was
33,8 (* 5.9) cmH2034 Another recent article carried out
with nine obese women in grade II and eight eutrophic, in a
full-body plethysmograph, analyzed at rest and during
exercise, demonstrated that the EELV of obese subjects is
decreased at rest and declines even more during exercise.
EILV, at rest, was higher in obese women, but not during
exercise35. Similar evidence was found in a survey of 10
men with grade II obesity and nine eutrophic men,
investigated at rest (sitting and supine) and at exercise,
using the same plethysmographic methodology and
measuring esophageal and gastric pressures. The results
showed that grade II obesity resulted in a reduction in VEE
at rest and changes in respiratory mechanics3e. It is
speculated that the reduction in VEE is due to expiratory
abdominal forces in the diaphragm, with an increase in
gastric pressure related to the distribution of abdominal
adiposity?8358. Our findings are supported in the literature
and suggest a low adaptation of obese individuals to effort,

with impairment in the mobilization of volumes.



Jour Resp Cardiov Phy Ther. 2016; 5(2): pag. 11-19

As for thoracoabdominal asynchrony, studies in obese
individuals are still scarce. In a recent study, a group of
thirty obese individuals undergoing reductive gastroplasty,
aged 32.37 (* 8.54) years and a BMI of 42.72 (+ 4.10) kg /
m2 and a control group of thirty individuals non-obese
patients aged 30.60 (* 7.76) years and a BMI of 21.99 (*
2.22) kg/m2, were assessed through respiratory
plethysmography by electrical inductance. Obese people
showed a reduction in the labor breathing index (LBI), after
six months of surgery, but the PhAng became similar to the
preoperative3’”. A recent publication evaluated the
breathing pattern and the thoracoabdominal movement,
using the same technique as the previous study, during
breathing exercises in 24 patients with obesity levels I and
111, of both genders, mean age of 37 (* 11) years and BMI
44 (= 3) kg / m2, on the second postoperative day of
gastroplasty. PhAng, PhRIB and LBI were analyzed at rest
and during diaphragmatic exercise (DE), flow-oriented
incentive spirometry (FIS) and volume-oriented incentive
spirometry (VIS). There was a significant increase in PhRIB
during ED and FIS, as well as PhAng during FIS and VIS,
concerning the respective baseline values, with no
significant differences between the three exercises!4.

In the present study, for asynchrony and distortion, obese
and eutrophic subjects were compared only at rest and we
found statistical significance for the PhAng RCaxRCp, which
characterizes distortion between these compartments. It is
possible that this finding is correlated with the reduced
contribution of RCa to ventilation and this distortion is
justified by the fact that RCp presents itself as the
compartment of less complacency and the diaphragm
muscle has its excursion limited by visceral fat. PhRIB and
PhRTB, among all studied compartments, showed
significantly higher in obese subjects. PhREB did not
present asynchrony only between the abdomen and the rib
cage. These findings indicate that central obesity has
repercussions throughout the respiratory cycle, in the form
of asynchrony and distortion. These data suggest that,
although the subjects did not present restrictive disorders
from the spirometric point of view, they already had
important changes in lung volumes and also in respiratory
mechanics, contributing to the increase in ventilation work
and characterizing yet another dysfunction related to

obesity in the respiratory system .

Table 4 - Comparison of asynchrony and distortion variables between cbese
and eutrophic individuals.

Variables Eutrophics Obese
PhAng ABxRC 7,26 +3,45 10,78 £ 7,96
PhAng RCaxRCp 5,27 +3,30 15,50 £ 11,84*
PhAng ABxRCa 6,71 £ 3,51 12,56 £ 7,11
PhRIB AB x RC 7,98 £3,23 15,16 £7,82*
PhRIB RCa x RCp 7,49 £ 3,92 20,64 £ 9,75*
PhRIB AB x RCa 6,80 + 2,60 15,03 £6,79*
PhREB AB x RC 555+420 11,75+ 7,09
PhREB RCa x RCp 5,34 +3,65 17,87 £10,76*
PhREB AB x RCa 4,85+4,05 11,39 £ 5,89*
PhRTB AB x RC 6,77 £ 3,82 13,30 £ 6,92*
PhRTB RCa x RCp 6,39 £ 3,65 18,54 £ 9,53*
PhRTB AB x RCa 5,89+ 3,36 13,23 £ 5,94

PhAng ABXRC = phase angle, given in degrees, between the ribcage and the
abdomen, PhAng RCaxRCp = phase angle between the pulmonary rib cage and
the abdominal rib cage, PhAng ABxRCa = phase angle between the abdominal rib
cage and the abdomen, PhRIB = inspiratory phase ratio, given in percentage,
PhREB = expiratory phase ratio, given as a percentage, PhRTB = total respiratory
phase ratio, given as a percentage. *Significant difference (p<0,05)

The present study has some potential limitations, such as
the number of subjects studied. However, the presence of a
control group matched for age and respiratory function
contributes to the results found to be important to the
respiratory mechanics of the obese. Besides, the work
opens up the prospect of future studies indicating that it is
especially useful in the study of pulmonary mechanics of
obesity, since thoracoabdominal asynchrony is one of the
elements that probably tends to exacerbate itself mainly in
postoperative conditions of the upper floor of the patient.
abdomen.

In summary, central obesity negatively interferes with the
RCa's contribution to ventilation, with reduced EELV and
EILV variations, reducing adaptation to efforts. The
thoracoabdominal movement, at rest, is altered, due to the
distribution of adiposity, with an increase in ventilatory

work, compared to eutrophic subjects.
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