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BACKGROUND: Obesity leads to changes in respiratory function, causing reduced lung volumes
and mechanical disadvantage of the respiratory muscles. We sought to evaluate the effect of breath-
ing exercises using devices that impose linear and nonlinear load on reversing diaphragm dysfunc-
tion and the prevalence of atelectasis after bariatric surgery. METHODS: This was a blind ran-
domized clinical trial. Preoperatively, we assessed the subjects’ maximum inspiratory pressure by
measuring nasal inspiratory pressure and respiratory muscle endurance with an incremental test
based on sustained maximum inspiratory pressure (sustained PImax) and the prevalence of atelec-
tasis by chest radiograph. Subjects were then randomized into 2 groups: a linear load pressure
group and nonlinear load pressure group; both groups received conventional respiratory physio-
therapy. Subjects were reassessed on the second day after bariatric surgery. RESULTS: We in-
cluded 40 morbidly obese women (body mass index > 40 kg/m2), age 25–55 years, who underwent
bariatric surgery by laparotomy. The groups were homogeneous with respect to age (P � .11), body
mass (P � .12), height (P � .75), body mass index (P � .75), nasal inspiratory pressure (P � .48),
sustained PImax (P � .89), and absence of atelectasis at baseline. In the reassessment, both groups
showed significant reduction in nasal inspiratory pressure (P < .001) and maintenance of sustained
PImax (linear load pressure P � .51; nonlinear load pressure P � .055). The prevalence of atelectasis
was 15% for linear load pressure and 25% for nonlinear load pressure, with no significant differ-
ence between groups (P � .69). CONCLUSION: Both groups were able to maintain respiratory
muscle endurance after bariatric surgery. In addition, the treatment contributed to controlling
atelectasis so that it did not cause clinical repercussions to the subjects. (ClinicalTrials.gov regis-
tration NCT02298517). Key words: postoperative period; physical therapy specialty; breathing exer-
cises; respiratory muscle; obesity; gastroplasty. [Respir Care 2019;64(12):1516–1522. © 2019 Daedalus
Enterprises]

Introduction

Obesity is a metabolic disease characterized by the ac-
cumulation of fat deposited mainly in the subcutaneous
adipose tissue. Excess weight has significant consequences

for the lives of obese individuals, leading to various prob-
lems from discrete physiological symptoms to serious mor-
bidities that may affect quality of life and life expectancy.1

Regarding respiratory function, obesity can compromise
lung function as a result of the excess fat deposited on the
chest and abdomen, which reduces lung volume and ca-
pacity.2 These changes are even more evident after surgi-
cal procedures, particularly upper abdominal surgeries thatDrs Pazzianotto-Forti and Merino, Ms Moraes da Costa Munno, Ms
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involve the manipulation of abdominal viscera, use of sub-
diaphragmatic retractors, and incisions.3

Due to the unsatisfactory results of other methods of
weight reduction, bariatric surgery is considered the stan-
dard procedure for the treatment of severe obesity.4,5 In an
attempt to minimize complications in the bariatric surgery
postoperative period, Casali et al6 studied the effects of
breathing exercises using devices with load in obese sub-
jects after gastroplasty and concluded that respiratory mus-
cle training improves inspiratory muscle strength and en-
durance and contributes to the early recovery of lung flow,
volume, and capacity.

Despite the importance of pre- and postoperative phys-
iotherapy in patients undergoing abdominal surgery, Law-
rence et al7 concluded that there is a lack of evidence
regarding the best methods of respiratory physiotherapy to
treat these patients. In addition to this gap in the literature,
there is a lack of standardization with regard to the number
of sessions and the interval between them, given that the
effects of certain methods seem to be dose- and time-
dependent.8-10

The aim of this study was to evaluate the effect of breath-
ing exercises using devices that impose linear and nonlinear
load on reversing diaphragm dysfunction on the prevalence
of atelectasis after bariatric surgery.

Methods

Study Design

This was a blind randomized clinical trial conducted in
accordance with the standards of conduct of experimental
research with human subjects, after being approved by the
Ethics Committee of the Methodist University of Piraci-
caba (UNIMEP) under Approval No. 54/13.

Sample Calculation

The calculation of sample size was performed using
BioEstat version 5.3 (Instituto Mamirauá, Tefé, Amazo-
nas, Brazil) along with descriptive statistics, based on a
pilot study, considering the variable nasal inspiratory pres-
sure. The minimum difference between the means of the
treatments and the standard deviation of the error was used
for the calculation. Based on the analysis of variance test
and assuming an alpha of 0.05 and a statistical power of
0.80, the sample size required was 20 subjects in each
group, for a total of 40 subjects.

Inclusion and Exclusion Criteria

We evaluated morbidly obese patients admitted to a
hospital in the city of Piracicaba, São Paulo, Brazil, from
February 2014 to February 2015, who met the following

inclusion criteria: body mass index 40–55 kg/m2, age 25–
55 years, eligibility for Roux-en-Y gastric bypass surgery
by laparotomy (open surgery), and preoperative spiromet-
ric and radiological tests within normal parameters. The
exclusion criteria were as follows, according to the history
reported by the patients and described in the medical re-
cords: smoking habit, asthma, COPD, obstructive sleep
apnea, and presence of atelectasis, hemodynamic instabil-
ity in the postoperative period, presence of surgical com-
plications (eg, fistula in the clipping line, gastrointestinal
bleeding, intestinal obstruction), and patients who refused
to participate in the study until its completion or were
unable to comprehend the performance of the evaluations
or the proposed treatment (Figure 1).

Randomization

The randomization process was performed using Mi-
crosoft Excel 2007 (random table) in blocks of 10 subjects,
allocating them into either the linear load pressure group
or the nonlinear load pressure group.

Blinding

The therapist who conducted the pre- and postoperative
assessments was blind to the treatment received; the re-
searcher who performed the randomization was blind to

QUICK LOOK

Current knowledge

Despite the importance of pre- and postoperative phys-
iotherapy in patients undergoing abdominal surgery,
there is a lack of evidence regarding methods of respi-
ratory physiotherapy to treat and monitor respiratory
muscle behavior in the postoperative period. However,
this is important because respiratory muscle dysfunc-
tion is the main cause of pulmonary complications and
may delay or affect the postoperative outcome of mor-
bidly obese patients after abdominal surgery.

What this paper contributes to our knowledge

All treatments proposed with both linear and nonlinear
inspiratory loads were effective in maintaining the in-
spiratory muscle endurance. This is relevant because
muscle endurance reflects the respiratory muscles’ abil-
ity to support loads. Increased demand can occur with
respiratory complications (eg, infections, wheezing and
accumulation of mucus) with a subsequent increase in
airway resistance, and in situations that require greater
energy expenditure.
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the clinical data and the assessments of the subjects; and the
therapist who performed the treatments was blind to the
assessments and data analysis. Subjects were blinded to
treatments received.

Assessments

Following hospital admission, the subjects were assessed
preoperatively for inspiratory muscle strength and endur-
ance. The same measures were reassessed on the second
day after bariatric surgery (ie, postoperative).

Assessment of Respiratory Muscle Strength. Inspira-
tory muscle strength was assessed by measuring nasal in-
spiratory pressure and maximal inspiratory pressure (PImax)
with a digital manometer (MVD 300, GlobalMed, Porto
Alegre, RS, Brazil). Nasal inspiratory pressure was mea-
sured during the sniff technique,11 in which the subject is
sitting and performs a “maximum sniff” with a closed
mouth from functional residual capacity.11 Subjects per-
formed 10 maneuvers,12,13 with a 30-s rest interval be-
tween each one. PImax was assessed to establish the initial
loading of the respiratory muscle endurance test and the
loading of the device with linear load. The PImax was mea-
sured during exertion starting from residual volume, and
each subject performed 3–5 acceptable and reproducible
maneuvers. The time interval between consecutive mea-
surements was 1 min. For the study, we considered the
highest value for both variables.14

Assessment of Respiratory Muscle Endurance. Respi-
ratory muscle endurance was assessed using the K3 Pow-
erbreathe device (Gaiam, Southam, United Kingdom). The
subjects remained seated and received standardized in-
structions and encouragement to achieve the best perfor-

mance during the test. The subjects were asked to take
long, deep breaths followed by slow and maximum expi-
rations in each breathing cycle. Each stage of the test
consisted of 30 cycles, which were determined by a beep
emitted by the device after cessation of the expiratory
flow. The initial test load was 30% of the previously evalu-
ated PImax.15 After completion of each stage, the subject rested
for 1 min. At each new stage, an increment of 10 cm H2O
was applied until the predetermined pressure could not be
reached after 3 consecutive breaths or until dyspnea occurred.
The highest load sustained for at least 15 breaths was con-
sidered the sustained PImax value.

Power is defined as the amount of work performed per
unit of time. It is calculated by the interaction of flow and
load every 2 ms and integrates this for the entire session.
Power combines the force exerted by inspiratory muscles
and the volume of air inhaled. The training index is the
amount of mechanical energy (or work) achieved during a
session expressed as a percentage of the maximum poten-
tially achievable work (ie, the amount of work possible to
achieve training at absolutely 100% effort). The training
index gives an indication of how much effort was achieved
into training in the section.

Chest Radiograph. The assessment of the prevalence of
atelectasis pre and postoperatively was based on the re-
ports of posterior-anterior chest radiograph, requested as
part of hospital routine and issued by the hospital’s radi-
ologist, who was blinded to the group to which any subject
belonged. In the preoperative period, the presence of at-
electasis was considered to be an exclusion criterion. There-
fore, none of the subjects included in the study presented
preoperative atelectasis. The reports that showed presence
of atelectasis, hypoinflation of the lungs or of lung fields,
regardless of size and location, were computed.

Interventions

Conventional respiratory physiotherapy was performed
once in the immediate postoperative and twice sessions in
the first postoperative day and was composed of diaphrag-
matic breathing exercises, deep breathing exercises, frac-
tional breathing in 2 and 3 times, and breathing exercises
combined with upper limb movements. For every exercise,
a series of 10 repetitions was performed. Exercises for the
prevention of deep vein thrombosis and ambulation were
also performed.16

The proposed treatments with inspiratory loads were
performed twice in the immediate postoperative period
shortly after the subject woke up from sedation, and five
times on postoperative day 1, with intervals of 3 h between
them.

For both treatments, subjects were instructed to remain
seated with their feet supported. The linear load pressure

Screened, assessed and
randomized

41

Non-linear pressure
group

21

Analyzed
20

Analyzed
20

Lost to follow-up - refused
intervention: 1

Linear load pressure
group

20

Fig. 1. Flow chart.
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used a PowerBreathe device (Powerbreathe K3, Gaiam),
which has a fast response valve controlled electronically to
create resistance to inspiration. To start the exercise, sub-
jects held the device by the lower posterior end, leaving
the exhalation valve free. The exercises were performed
with inspiratory resistance of 40% of the PImax.6,17 Sub-
jects were instructed to inhale with sufficient force to over-
come the resistance of the device, and then to exhale nor-
mally. This group performed 6 sets of 15 repetitions, with
a rest interval of 30–60 s between sets.

The nonlinear load pressure used an inspiratory muscle
training device (DHD 22-7500, Diemolding Healthcare
Division, Canastota, New York) with nonlinear load. This
device has flow-resistive inspiratory loading that requires
inspirations through holes of different diameters.18 Each
device includes 6 color-coded resistors for setting the re-
sistance level. In this study, resistance was standardized
and all subjects used the red hole (2 mm in diameter). This
resistor was sufficient to impose respiratory load for all
subjects treated. The subjects were asked to perform ex-
plosive, quick, and intense inspirations and normal expi-
rations in 6 sets of 15 breaths with intervals of 30–60 s
between sets.

Before starting the treatment or postoperative assess-
ment, pain was evaluated using the visual analog scale
(VAS) with scores ranging from 0 to 10. When pain was
classified as � 4, the treatment or evaluation was con-
ducted normally; when pain was classified as � 4, an
analgesic was given and pain was classified again after
30 min. All subjects received analgesics as needed, and all
had pain19 classified as � 4 on VAS after 30 min. All
subjects received the same number of therapies per day.

Statistical Analysis

Statistical analysis was performed using BioEstat ver-
sion 5.3. The Shapiro-Wilk test was used to verify the
normality of the data. For intragroup comparison (pre- and
postoperative), we used the paired t test or the Wilcoxon
test. For comparison between groups preoperatively and
for the analysis of the values of the difference between the
pre- and postoperative periods between the groups, Stu-
dent t or Mann-Whitney tests were used. The Fisher exact
test was used to compare the prevalence of atelectasis
between groups. The level of statistical significance was
P � .05.

Results

Of the 41 randomized and evaluated subjects, one was
excluded for refusing to complete the proposed treatment.
Thus, 40 subjects were assessed and randomly allocated
into one of the 2 groups: the linear load pressure group, or
the nonlinear load pressure group. Both groups also re-

ceived also conventional respiratory physiotherapy, with
20 subjects in each group.

Table 1 shows the age, anthropometric, clinical, and
surgical characteristics of the subjects in both groups. There
was no difference between the groups for these variables,
in preoperative (baseline) (P � .05). Table 2 shows a
comparison between groups, preoperative, for the nasal
inspiratory pressure measurements and the variables for
the respiratory muscle endurance test (sustained PImax,
power, volume, and training index) in the linear load pres-
sure and nonlinear load pressure (baseline) groups. There
were no between-group differences in nasal inspiratory
pressure, but there were significant reductions in the nasal
inspiratory pressure, power and volume variables in the
postoperative for the two groups. Table 3 shows the vari-
ables obtained in the strength test (nasal inspiratory pres-
sure) and the respiratory muscle endurance test for each
group in the pre- and postoperative assessments, as well as
a comparison of the differences between the pre- and post-

Table 1. Subject Characteristics

LLP Group NLP Group P

Age, y 39.35 � 6.33 37.4 � 8.48 .11
Body mass, kg 116.47 � 14.37 113.87 � 28.11 .12
Height, cm 159.55 � 5.20 162 � 4.63 .75
Body mass index, kg/m2 45.64 � 3.94 45.16 � 3.9 .75
Systolic blood pressure,

mm Hg
142.3 � 18.3 144.9 � 16.2 .15

Diastolic blood pressure,
mm Hg

88.1 � 12.4 88.9 � 13.1 .17

Diabetes type 2 10 (50) 12 (60) .60
Hypertension 8 (40) 10 (50) .60
Dyslipidemia 10 (50) 11 (550) .52
Duration of mechanical

ventilation, min
128.14 � 10.75 127 � 11.12 .64

Length of stay, d 3 3 � .99

Each group has n � 20 subjects. Values are expressed as mean � SD or n (%).
LLP � linear load pressure
NLP � nonlinear load pressure

Table 2. Comparison Between Groups

LLP Group NLP Group P

Nasal inspiratory pressure,
cm H2O

86 � 22.24 90.95 � 21.75 .48

Sustained PImax, cm H2O 43 � 11.29 44.5 � 13.95 .89
Power, W 3.4 � 1.55 3.54 � 1.67 .63
Volume, L 1.78 � 0.34 1.9 � 0.39 .30
Training index, % 88.4 � 12.07 85.75 � 11.11 .41

Each group has n � 20 subjects. Values are expressed as mean � SD.
LLP � linear load pressure
NLP � nonlinear load pressure
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operative assessments. There were no between-group dif-
ferences in nasal inspiratory pressure, but there were sig-
nificant reductions in the nasal inspiratory pressure,power
and volume variables in the postoperative for the two
groups. However, the sustained PImax and training index
values were maintained postoperatively compared to the
preoperative period. In the comparison of the values of the
differences, there was no significant difference between
groups.

The prevalence of atelectasis was evaluated with chest
radiograph performed on postoperative day 2 (ie, the day
of discharge). Atelectasis was found in 15% of subjects in
the linear load pressure group and 25% of the subjects in
the nonlinear load pressure group, with no significant dif-
ference between the proportions (P � .69).

Discussion

In this study, inspiratory muscle strength, as assessed
with nasal inspiratory pressure, was lower in the postop-
erative phase regardless of the treatment, and when com-
paring the difference between the pre- and postoperative
outcomes, there was no significant difference between the

treatments. The significant reduction in inspiratory muscle
strength can be understood in this study as characteristic of
the diaphragm dysfunction that occurs in the postoperative
phase of abdominal surgery and not necessarily as muscle
weakness.

Such reduction in nasal inspiratory pressure identifies
the muscle inefficiency triggered by factors inherent in the
surgery such as anesthesia, incisions, and pain.6 According
to Fagevik Olsen et al,20 this reduction could also be found
at the time of reassessment, which occurred approximately
48 h after surgery. This finding demonstrates that this time
may not be sufficient for the recovery of respiratory mus-
cle strength, given that the diaphragmatic function takes
approximately 7–10 d to return to preoperative values.20

Inspiratory muscle endurance (ie, the ability to maintain
contractile strength against resistive inspiratory loading) is
also significantly affected in individuals undergoing upper
abdominal surgeries. In this study, the methodology aimed
to maintain the inspiratory muscle endurance with low
loads and a high number of repetitions.

All treatments proposed with both linear and nonlinear
inspiratory loads were effective in maintaining the inspira-
tory muscle endurance assessed by sustained PImax. This is

Table 3. Comparisons Between Pre- and Postoperative Values and Between Results of the Strength Test and the Respiratory Muscle Endurance
Test

LLP Group NLP Group
P (Difference)

Pre Post Difference Pre Post Difference

Nasal inspiratory pressure, cm H2O
Media 86 68 �18 90.95 65.7 �25.25 .15
SD 22.24 25.19 18.04 21.75 20.51 23.03

P value (before and after) � .001 � .001
Sustained PImax, cm H2O

Media 43 41.5 �1.05 44.5 39.5 �5 .20
SD 11.29 13.48 9.88 13.95 13.56 10.51

P value (before and after) .51 .055
Power, W

Media 3.4 2.27 �1.14 3.54 2.52 �1.02 .83
SD 1.55 0.95 1.52 1.67 1.83 1.46

P value (before and after) � .001 � .001
Volume, L

Media 1.78 1.37 �0.42 1.9 1.39 �0.51 .35
SD 0.34 0.36 0.31 0.39 0.30 0.49

P value (before and after) � .001 � .001
Training index, %

Media 88.4 90.65 2.25 85.75 82.2 �3.55 .76
SD 12.07 12.06 15.01 11.11 22.6 23.48

P value (before and after) .45 .68

N � 40 subjects. Values are expressed as mean � SD.
LLP � linear load pressure
NLP � nonlinear load pressure
Pre � preoperative
Post � postoperative
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relevant because, in this study specifically, muscle endur-
ance reflects the ability of the respiratory muscle to sup-
port loads.21 This increased demand can occur during re-
spiratory complications (eg, infections, wheezing, and
accumulation of mucus) with subsequent increase in air-
way resistance,22 and in situations that require greater en-
ergy expenditure such as hiking, climbing up and going
down stairs, or simply daily activities that such patients are
likely to perform after hospital discharge. Thus, the reduc-
tion in respiratory muscle endurance may delay or affect
the postoperative outcomes of morbidly obese patients who
have undergone bariatric surgery.23 In Casali et al,6 the
subjects performed inspiratory exercises with loading for
30 d after bariatric surgery and showed improved respira-
tory muscle endurance over the course of the study. The
findings of those authors corroborate the results of the
present study.

Regarding the variable respiratory muscle endurance,
both groups showed the same results, that is, significant
reduction in postoperative values in the variables power
and volume and maintenance of training index. No signif-
icant difference was found between treatments in the anal-
ysis of the difference value. Power is a measure of muscle
performance that combines strength and speed of move-
ment. This value refers to the mean of all inspirations
performed during the test. Volume indicates the average
amount of air inhaled with each inhalation during the test.
Thus, the results of this study led to the conclusion that
post-surgical inspiratory volumes and muscle performance
were lower in both groups.

The variable training index refers to the recruitment
capacity of the muscles and indicates the effectiveness of
the test, combining contractile strength and test time. In
our study, the training index remained the same in both
groups, (ie, the breathing exercise programs with linear or
nonlinear inspiratory loading elicited stronger inspiratory
muscle contractions during the test). This finding demon-
strates that the methodology of intervention as described
here can promote the maintenance of respiratory muscle
endurance even after a short time of treatment. Thus, these
techniques may be useful to reverse diaphragmatic dys-
function earlier.

Our methodology of the incremental endurance test was
performed in an innovative way. The device we used has
the advantage of digital load adjustments and provides
data for power, volume, and training index, which were
useful for understanding the behavior of respiratory mus-
cles after bariatric surgery.

The study by Villiot-Danger et al24 emphasizes the im-
portance of respiratory muscle training in these patients. It
evaluated the effect of respiratory muscle endurance train-
ing on the respiratory muscles, dyspnea symptoms, and
exercise capacity in hospitalized obese subjects. The re-
sults showed that respiratory muscle endurance exercise is

feasible in obese patients and may help improve dyspnea
and exercise capacity.

Regarding atelectasis, there was a prevalence of 25%
for the nonlinear load pressure group and 15% for the
linear load pressure group, but there were no significant
between-group differences. It is worth nothing that all cases
of atelectasis were subclinical.

General anesthesia is known to increase the incidence of
atelectasis more frequently in obese patients. This is con-
sidered a common problem during surgery and in anes-
thetic recovery rooms.25 In morbidly obese patients, anes-
thesia accentuates the reduction in functional residual
capacity, promoting early narrowing of the small airways
and leading to a greater degree of hypoxemia and increased
incidence of atelectasis.26,23

In addition, the incidence of atelectasis is 45% higher in
obese patients who underwent upper abdominal surgery
than in the general population.27 As observed in the pres-
ent study, Ferreira et al9 reported that atelectasis is con-
sidered the most common postoperative complication in
obese subjects submitted to gastroplasty, with incidence
varying according to the type of surgery and the treatment
provided. However, it usually resolves spontaneously and
does not have significant clinical importance.

The treatment program using exercises with load start-
ing in the early postoperative period is considered critical
to the resolution of atelectasis, given that pulmonary com-
plications typically develop within the first 6 h after sur-
gery.28

Limitations

The non-inclusion of men in this study makes it difficult
to generalize our results for both genders. However, women
constitute the majority of patients who use bariatric sur-
gery as a method to achieve weight reduction as well as
reduction of comorbidities. Chest radiograph to measure
atelectasis is considered an insensitive exam for this mea-
surement, although this exam is part of the hospital post-
operative routine.

Conclusion

Both groups were able to maintain respiratory muscle
endurance after bariatric surgery. This finding is extremely
important because the postoperative period can further in-
crease respiratory demand in these individuals. In addi-
tion, the cases of atelectasis noted in this study were too
mild to have clinical effects on the subjects. Thus, the
results suggest that the maintenance of respiratory muscle
endurance can help prevent respiratory failure in obese
patients and thus contribute to the success of the surgery.
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