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Abstract 
Introduction: During pregnancy there are changes in the female body me-
diated by hormones that determine the need for new postural adjustments to 
compensate for the change in the center of gravity. Such adjustments tend to 
negatively impact the stabilizing function of the lower trunk, predisposing to 
dysfunction in the spine, pelvic floor and respiratory pattern. Objective: To 
evaluate the effects of respiratory muscle training and internal unit on the 
thickness and diaphragmatic mobility and lumbar stability of pregnant 
women. Methods: Experimental and controlled clinical trial involving wom-
en with gestational age ranging from 12 to 32 weeks. The volunteers were 
submitted to postural evaluation, ultrasonography of the diaphragm and 
evaluation of inspiratory and maximal expiratory pressure through the ma-
novacuometer before the first and after the last session. Respiratory muscle 
training was performed using the IMT and PEP threshold and lumbar and 
pelvic stabilization exercises. Results: Ten pregnant women were eligible and 
two participated in all stages of the study. Ultrasonographic images showed 
increased mobility and thickness of the diaphragm on inspiration and expira-
tion. The maximal inspiratory and expiratory pressure, measured by means of 
the manovacuometry, showed an increase in post-intervention values when 
compared to the initial evaluation. Postoperative postural assessment showed 
lumbar lordosis exacerbation and increased abdominal volume consistent 
with increased gestational age. Conclusion: The results of the present study 
allow us to conclude that respiratory muscle training associated with internal 
unit training had positive repercussions on the thickness and diaphragmatic 
mobility, as well as on the lumbar stability of the pregnant women who con-
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cluded all the steps of this research. 
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1. Introduction 

Pregnancy is a period of hormone-mediated transformations, with a significant 
impact on emotional and physical aspects. In this context, pregnant women may 
experience exercise intolerance and postural deviations associated with com-
plaints of pain and dyspnea (Constantine et al., 2014 [1]; Jensen et al., 2008 [2]), 
and it is desirable to monitor health professionals throughout the pre-natural 
aiming to alleviate physical discomforts, especially those related to respiratory 
dysfunctions and the precarious spine stability (Metha et al., 2015) [3]. 

Spine stabilization refers to the interaction of the passive, active and neural 
systems. The passive system includes bone, joint and ligament structures re-
sponsible for passive stability. The neural system, composed of the central and 
peripheral nervous system, determines muscle activity. The active system com-
prises muscles and tendons that provide dynamic stability (Panjabi et al., 1992 
[4]; Silveira et al., 2018 [5]). 

During pregnancy, due to the growth of the uterus, an increase of four to five 
centimeters in the resting position of the diaphragm and an increase in the an-
teroposterior diameter of the chest are observed, resulting in less diaphragmatic 
mobility and consequent alteration of respiratory mechanics (Lemos et al., 2011) 
[6]. Several instruments are used by the physiotherapist to assess the respiratory 
system, among which the manovacuometer stands out, capable of measuring the 
maximum inspiratory (Pimax) and expiratory (Pmax) pressures. These variables 
refer to the muscular strength of the diaphragm, intercostal and abdominal 
muscles (Marcos, 2007 [7]; Onaga et al., 2009) [8]. 

Regarding the diaphragm, its importance is also evident in body stability, 
whose function it exercises in partnership with the pelvic floor, transverse ab-
domen and multifidus muscles. Such muscles were a functional complex called 
an internal unit (Shouchrad, 1980 [9]; Sartor et al., 2015) [10]. 

Lumbar multifiduses (ML) are deep and monoarticular, produce rapid and 
forced movements and have great resistance to fatigue, being able to stabilize the 
spine for long periods of time (Urquhart et al., 2005) [11]. They provide physio-
logical rigidity and movement control, contributing 2/3 of the increase in seg-
mental rigidity resulting from contraction, as long as there is no injury and or 
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local pain (França et al., 2008) [12]. 
The transverse abdomen (TA) is positioned in the deepest part of the lateral 

and anterior region of the lower trunk. Its function is to contract and tense the 
abdominal wall, providing local stability, even during movements of the upper 
and lower limbs (Stenes et al., 2007) [13]. 

As for the pelvic floor muscles (MAP), they are located in the lower portion of 
the abdominal-pelvic cavity and have the function of visceral support and main-
taining urethral and anal closure pressure during effort (Metring et al., 2014) 
[14]. 

No publications were identified on expiratory and inspiratory muscle train-
ing and the internal unit in pregnant women and their effects on the diaph-
ragm and lumbar spine stability. Believing that this training association can 
have a favorable impact on respiratory capacity and postural alignment, re-
ducing respiratory dysfunctions and pain complaints, this study was struc-
tured, which aims to evaluate the effect of respiratory muscle training and the 
internal unit on diaphragmatic thickness and mobility and in the lumbar sta-
bility of pregnant women. 

2. Methods 
2.1. Study Design, Research Period and Ethical Aspects 

Experimental and controlled study, conducted entirely in a public hospital in 
the city of Juiz de Fora-MG in the months of May and June 2019. The research 
was previously approved by the Research Ethics Committee (opinion number 
3,352,500). All volunteers signed an informed consent form. 

2.2. Eligibility, Inclusion and Exclusion Criteria 

The sample was selected for convenience. Pregnant women attended at the gy-
necology and obstetrics service of the Hospital e Maternidade Terezinha de Jesus 
from 7 to 10 May 2019, in the afternoon, were eligible. Only those aged between 
18 and 35 years, with 12 to 32 weeks of gestational age, with no report of cardi-
ovascular pathologies and or diabetes mellitus and who accepted to participate 
in the research were included. Pregnant women undergoing treatment for post-
ural deviations associated or not with spinal pain were excluded. 

2.3. Outcomes, Evaluation Procedures and Research Protocol 

Figure 1 summarizes the flowchart of this study. 
The pregnant women who agreed to participate in the research went through 

an initial anamnesis. At the time, they were asked about the presence and inten-
sity of pain in the spine, which was measured by the visual analogue pain scale, 
as well as about urinary control and possible episodes of urgency, urge-incontinence 
and urinary losses on exertion. Gestational age was calculated from the date of 
the last menstrual period. 

The assessment procedures included the postural assessment form to ascertain  
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Figure 1. Research steps. 

 
the alignment of the lumbar and pelvic segments by leveling the anterior and 
superior iliac spines, the ultrasound assessment to check the diaphragmatic 
thickness and mobility and to check the inspiratory and expiratory pressures 
using manovacuometer. Such procedures were performed before the first and 
after the last treatment session. 

The diaphragm thickness was assessed using the B-mode and the M-mode, 
always with the volunteer lying in the supine position. Diaphragmatic mobility 
was assessed by both modes and thickness in inspiration and exhalation through 
mode B. 

For B-mode, the diaphragmatic hemicupulas were accessed intercostally, with 
a 7 - 18 MHz multifrequency linear transducer positioned in the longitudinal 
plane on the anterior axillary line, between the 7˚ - 8˚ or 8˚ - 9˚ intercostal spac-
es. The measurement site was the area where the diaphragm was affixed with the 
rib cage and the structure visualized between the parietal pleura and the perito-
neal membrane. Three measurements of muscle thickness were performed dur-
ing the maximum inspiration and expiration maneuvers, calculating the simple 
average for each maneuver. The fraction of diaphragmatic thickening (EDF) 
(inspiration thickness − expiration thickness/expiration thickness × 100)% was 
calculated, which quantifies the degree of muscle thickening from the functional 
residual capacity to the total lung capacity, using the average of the measure-
ments (Zeltoune et al., 2017) [15]. 

In M-mode, the right hemicupula was accessed via the anterior sub-costal 
route, in the oblique plane, between the hemiclavicular and anterior axillary 
lines, and the left hemicupula via the intercostal route, in the middle axillary 
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line, both with 2 - 5 MHz convex transducer Diaphragm kinetic curves were ac-
quired during three breathing maneuvers: silent breathing, deep breathing and 
sniffing maneuver (sniff test). For each maneuver, three waves and respective 
amplitudes were obtained, calculating the simple average of these measurements 
(Zeltoune et al., 2017) [15]. 

To evaluate the maximum inspiratory (Pimax) and expiratory (Pmax) pres-
sures, an analog manovacuometer with a one-way valve on the MURENAS 
stretcher and model MRN −150 + 150 cmH2O was used. 

Prior to the assessment, each volunteer received an explanation and was 
shown the use of the device to minimize collection errors. She was then in-
structed to sit comfortably in a chair with a back, supported spine and feet 
touching the ground, maintaining an approximate 90˚ angle of the hip and knee. 
With the nose occluded by a nose clip, he should breathe through an oval 
mouthpiece of the manovacuometer, keeping it firmly connected to the mouth 
to prevent leakage of perioral air. 

Pimax was measured at the end of a calm exhalation, at which point the vo-
lume of gas contained in the lungs corresponded to the functional residual ca-
pacity (MIPxCRF), and the MEPx at the end of a calm exhalation (PEmáxCRF). 
A minimum of 3 maneuvers were performed with an interval of one minute be-
tween them and only the stable maneuvers were recorded for at least 1 second 
without air leakage and with a variation of 10% between the values. The highest 
value obtained was selected for the final analysis (Souza RB., 2002) [16]. 

Each procedure was performed by a duly trained evaluator. 
The volunteers were submitted to 12 individual physiotherapy sessions, per-

formed 2 or 3 times a week, over 4 to 6 weeks. Breathing and lumbar-pelvic sta-
bilization exercises were performed, all previously explained and demonstrated 
by the researcher, who was duly trained to conduct the treatment protocol. 

Each session lasted about 60 minutes and started with training exercises for 
the indoor unit with a focus on lumbar and pelvic stabilization (Table 1). 

In all predictions, the exercises were performed in the order presented above, 
in a single series, with the greatest possible motor precision and the number of 
repetitions that vary with the capacity and physical fitness of each pregnant 
woman, but limited to 12 repetitions. The question used to determine the max-
imum number of repetitions was the quality of the movement. Thus, the exercise 
was interrupted when a researcher identified compensations suggestive of mus-
cle fatigue. 

For their execution, a volunteer was instructed to maintain a natural breathing 
pattern, free from effort, so that on inspiration there was an increase in the 
transverse and anteroposterior diameters of the abdomen and chest and on ex-
piration there was a reduction in these diameters. 

For respiratory muscle training, the volunteers remained comfortably seated 
in a chair with a back, supported column and feet touching the ground, main-
taining an approximate 90˚ angle of the hip and knee with the feet resting on the  
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Table 1. Protocol of training exercises of the internal unit. 

Exercise Description 

1) Activation of TA1 
and MAP2 

Voluntária deitada em DD3 sobre a maca, joelhos flexionados e pés 
apoiados com esfignomanômetro insuflado a 40 mmHg sob uma  
coluna lombar. Foi orientada a contrair, ao mesmo tempo, o TA e os 
MAP. A diferença de pressão identificada no esfignomanômetro  
deveria ser a menor possível, sugerindo então que o acionamento  
estava correto e a coluna estável. 

2) Simple bridge 
Volunteer lying in DD3 on the stretcher, knees bent and feet supported. 
She was instructed to raise the hip of the stretcher and return it to its 
initial position. 

3) LL abduction 
bridge4 

Volunteer lying in DD3 on the stretcher, knees flexed and wrapped in  
an elastic band, feet supported. She was instructed to raise the hip  
of the stretcher, slightly abduct the knees, adduct them and  
return the pelvis to its initial position. 

4) LL aduction 
bridge4 

Volunteer lying in DD3 on the stretcher, knees bent with rubber ball 
between them, feet supported. She was instructed to raise the hip  
of the stretcher, adduce her knees slightly (squeezing the ball) and  
return her knees and pelvis to the initial position. 

5) Belt dissociation 

Volunteer sitting on a Swiss ball with a diameter compatible with her 
height and biotype. She was instructed to rotate the pelvis in one  
direction and the scapular waist in the opposite direction,  
alternating the sides. 

Caption: 1TA: transverse abdominal; 2MAP: pelvic floor muscles; 3DD: supine position; 4MMII: lower limbs. 

 
floor. 

Threshold IMT was used for inspiratory muscle training (IMT) and Threshold 
PEP for expiratory muscle training (TME). The first has a closed valve with pos-
itive pressure, with a spring that produces an independent linear flow load, while 
the second has a closed valve whose opening is activated when the pressure gen-
erated by the patient is greater than the value established in the device. Three se-
ries were performed with 10 repetitions, with an initial load of 40% of the Pimax 
of each patient for the Threshold IMT and 40% of the Pmax for the Threshold 
PEP (Fonseca et al., 2010) [17]. Such load was progressively increased during the 
treatment. The pace varied according to the comfort of each volunteer and the 
breaks were 1 minute. 

3. Results 

Ten pregnant women were eligible. Of these, two participated in all stages of the 
research and, therefore, were included in the final analysis. One pregnant wom-
an (n = 1) underwent 12 physical therapy sessions and the other (n = 2) partici-
pated in 4 sessions. 

Figure 2 shows the flow of pregnant women throughout the study. 
The results will be presented in a descriptive way, and not in a statistical way, 

due to the small number of volunteers who completed the study. 
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Figure 2. Flow of volunteers throughout the research. 

3.1. Sociodemographic Characteristics 

Volunteer 1 was 21 years old, graduated from college, was single but maintained 
a stable relationship. She was 27 weeks of gestational age from her first preg-
nancy and had a body mass index (BMI) of 19.9. Volunteer 2 was 33 years old 
and finished high school only. She was married, 25 weeks after her fourth preg-
nancy and had a BMI of 22.6. 

3.2. Outcomes Thickness and Diaphragmatic Mobility and  
Pimax and Pmax 

Ultrasound images showed increased mobility and thickness of the diaphragm at 
inspiration and exhalation, as shown in Table 2. 

Pimax and Pmax, measured using manovacuometry, showed an increase in 
post-intervention values when compared to the initial evaluation (Table 3). 

In the pre-intervention assessment, the volunteers reported a sensation of res-
piratory distress and dyspnea on exertion, even in those of small proportion, 
such as walking short distances, climbing a few steps and performing routine 
tasks at home. In the post-intervention assessment, both dyspnea and respirato-
ry distress were reduced, according to reports. 

3.3. Outcomes Postural Alignment, Pain and Urinary Control 

Post-intervention postural assessment showed an increase in lumbar lordosis 
and abdominal volume consistent with advancing gestational age. 

There was a report of a reduction in the sensation of low back pain according 
to VAS (pre- and post-intervention evaluation). For volunteer 1, the pain varied 
from 5 to 2 and from 6 to 2, according to volunteer 2. 

In the initial assessment, the two volunteers reported episodes of urinary 
loss in activities such as coughing and faster walking. They also reported some  
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Table 2. Variables of the ultrasound image, pre and post-intervention (cm). 

Variables 

Evaluation 
pre-intervention 

Evaluation 
post-intervention 

n11 n22 n1 n2 

Diaphragmatic mobility 5.1 4.6 5.5 4.9 

Thickness at inspiration 0.14 0.21 0.16 0.29 

Thickness at exhalation 0.11 0.15 0.12 0.22 

FED3 27% 33% 31% 40% 

Caption: 1n1: volunteer 1; 2n2: volunteer 2; 3FED: diaphragmatic thickening fraction. 

 
Table 3. Variables of manovacuometry, pre and post-intervention (cmH2O). 

Variables 

Evaluation 
pre-intervention 

Evaluation 
post-intervention 

n11 n22 n1 n2 

Pimáx3 −70 −30 −80 −60 

Pemáx4 50 50 70 70 

Caption: 1n1: volunteer 1; 2n2: volunteer 2; 3Pimax: maximum inspiratory pressure; 4Pemax: maximum ex-
piratory pressure. 

 
episodes of urinary urgency. Both effort losses and emergency situations were 
eliminated after the intervention period, according to reports. 

4. Discussion 

As the pregnancy progresses, uterine growth is expected to lead to reduced mo-
bility and diaphragmatic thickness, culminating in a more apical breathing pat-
tern associated with dyspnea on small efforts (Filho et al., 2013) [18]. In addi-
tion, there tends to be a reduction in MIP and PEMAX (Fonseca et al., 2010) 
[17]. 

There is evidence that inspiratory muscle training (IMT) improves ventilation 
in patients with chronic renal failure, heart disease and lung disease and that ex-
piratory muscle training (TME) shows favorable results for some aspects of 
speech, swallowing, breathing and daily life activities that require production of 
adequate expiratory pressure (Sartor et al., 2015) [10]. 

The present study showed that the respiratory training performed through 
Threshold IMT and PEP resulted in increased mobility and thickness of the di-
aphragm on inspiration and exhalation and increased Pimax and Pmax. Such 
increases were positively expressed in the volunteers’ routine, which reported 
reduced dyspnea on small efforts. However, the fact that no studies were found 
using threshold IMT and or PEP in a sample of pregnant women, made it im-
possible to discuss our results in the light of scientific evidence. Due to our re-
sults pointing to an improvement in respiratory dynamics through specific 
training in pregnant women, it would be appropriate. 

No similar findings were found obtaining respiratory muscle training in preg-
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nant women, using the IMT and PEP threshold, so further studies related to the 
respective subject are needed. 

With regard to postural alignment, an increase in lumbar lordosis and abdo-
minal volume was observed, consistent with advancing gestational age, in the 
post and pre-intervention comparisons. 

It is known that changes in the alignment of the spine mediated by the action 
of relaxin on the ligaments and uterine growth favor pain complaints, especially 
in the lumbosacral region, (Assis et al., 2012) [19] and overload in the pelvic 
floor muscles, resulting in often in difficulty in voiding control during pregnan-
cy (Assis et al., 2012) [19]. The functional relationship between the muscles of 
the internal unit may explain why changes in the lumbar and pelvic alignment 
interfere with the functions of the lumbar muscles and the pelvic floor, so that 
better alignments tend to relate to lesser repercussions on the function of passive 
structures and active in this segment and, consequently, less complaints of uri-
nary and anal incontinence, sexual dysfunction and lumbosacral discomfort 
(Silveira et al., 2018) [5]. 

The volunteers of this research, however, despite the increase in lumbar lor-
dosis, reported that after the intervention period there was a reduction in the 
sensation of pain according to the VAS (pre- and post-intervention evaluation). 
For volunteer 1, the pain varied from 5 to 2 and from 6 to 2, according to volun-
teer 2. They also reported a reduction in urinary urgency episodes and urinary 
losses on exertion. These results can be explained by the stabilization training of 
the muscles that cross the lumbar and pelvic segments, which act predominantly 
in an eccentric way during static positions and controlled movements of extrem-
ities (France et al., 2008 [12]; Silveira et al., 2018 [5]) in order to stabilize the 
trunk (Bliven et al., 2013) [20], reducing overload and tissue stress related to 
pain complaints. 

The methodological design of the present study associated with the small 
sample size does not allow us to make inferences for the general population of 
pregnant women. However, its relevance lies in the lack of publications on res-
piratory muscle training and internal unit in pregnant women and its effects on 
the diaphragm and on the stability of the lumbar spine. For this reason, the re-
sults of this research contribute to fill an important scientific gap and increase 
the body of knowledge regarding physical therapy intervention during pregnan-
cy, more specifically with a focus on respiratory function and lumbar and pelvic 
alignment. 

5. Conclusions 

The results of the present study allow us to conclude that the respiratory muscle 
training associated with the training of the internal unit had a positive impact on 
the thickness and diaphragmatic mobility, as well as on the lumbar stability of 
the two pregnant women who completed all stages of this research. These results 
may explain the volunteers’ report about the reduction of respiratory discomfort 
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during activities of daily living and urinary losses, even by increasing lumbar 
lordosis and abdominal volume. 

Due to the small sample size, it is suggested that the respiratory training and 
lumbar and pelvic stabilization protocol used be replicated in randomized clini-
cal trials with samples of expressive size so that the results presented here are 
corroborated or refuted, in order to better substantiate the physiotherapist’s 
clinical practice in scientific evidence. 
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