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Abstract

The pathogenesis of gastroesophageal reflux disease (GERD) is multifactorial. The severity of 

abnormal reflux burden corresponds to the dysfunction of the antireflux barrier and inability to 

clear refluxate. The crural diaphragm is one of the main components of the esophagogastric 

junction and plays an important role in preventing gastroesophageal reflux. The diaphragm, as 

a skeletal muscle, is partially under voluntary control and its dysfunction can be improved via 

breathing exercises. Thus, diaphragmatic breathing training (DBT) has the potential to alleviate 

symptoms in selected patients with GERD. High-resolution esophageal manometry (HRM) is 

a useful method for the assessment of antireflux barrier function and can therefore elucidate 

the mechanisms responsible for gastroesophageal reflux. We hypothesize that HRM can help 

define patient phenotypes that may benefit most from DBT, and that HRM can even help in the 

management of respiratory physiotherapy in patients with GERD. This systematic review aimed to 

evaluate the current data supporting physiotherapeutic practices in the treatment of GERD and to 

illustrate how HRM may guide treatment strategies focused on respiratory physiotherapy.
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Introduction

Gastroesophageal reflux disease (GERD) is a global health issue affecting a significant part 

of our population. Traditionally, GERD has been considered a disease of middle-aged adults 

and the elderly, but in the last decade, there has been an increase in the prevalence of GERD 

in younger patients—probably due to the rise in obesity [1]. A combination of multiple risk 

factors, most of which are related to lifestyle, usually contributes to the development of 

reflux symptoms [2].

In addition to lifestyle changes (including dietary changes, weight reduction, and smoking 

cessation), antisecretory treatment with proton pump inhibitors (PPIs) remains the main 

therapeutic approach that improves both symptoms and quality of life in most patients 

with GERD—especially in those with reflux esophagitis. However, this treatment does 

not target the mechanisms of reflux, as it does not strengthen the antireflux barrier 

or promote esophageal refluxate clearance. Thus, long-term antisecretory treatment is 

often necessary. Patients who do not adequately respond to pharmaceutical interventions 

should undergo upper endoscopy and esophageal testing—specifically, pH metry with 

impedance to phenotype the GERD and optimize patient treatment [3]. Endoscopy and 

high-resolution esophageal manometry (HRM) help define the integrity of the antireflux 

barrier and the anatomy of the gastroesophageal flap valve. HRM may also assess peristaltic 

function, which is important for refluxate clearance. Currently, the only standard therapeutic 

procedure that results in the recovery of the antireflux barrier is antireflux surgery. 

Laparoscopic fundoplication not only restores the anatomical properties of esophagogastric 

junction (EGJ), but also reduces the frequency of transient lower esophageal sphincter 

relaxation (TLESr), including reflux-associated TLESr, which is considered the main 

pathophysiological mechanism of GERD [4, 5]. Conversely, endoscopic techniques (for 

example, controlled delivery of radiofrequency energy [Stretta] at the level of lower 

esophageal sphincter [LES] or devices intended for transoral incisionless fundoplication 

[Esophyx, MUSE]) mainly affect the distensibility of the EGJ and do not target hiatus hernia 

or the crural defect [6].

Respiratory physiotherapy to strengthen inspiratory muscles, especially the diaphragm, can 

improve the function of the antireflux barrier [7–9]. This approach is a comprehensive 

procedure leading to an improvement of chest expansivity, airway clearance, and the 

enhancement of respiratory muscles. Breathing exercises or diaphragmatic breathing training 

(DBT), using various techniques to increase the muscle tone of the diaphragm, are part of 

this procedure, but specific devices with controllable resistance of inhaled air can also be 

used. Besides DBT, effective physiotherapeutic techniques involving visceral manipulation 

might improve the function of myofascial tissue and respiratory muscles, as a result. 

However, breathing exercises are still not recognized as a standard means for GERD 

management because scientific evidence is lacking in this area. Moreover, the selection 

of patients who might benefit from respiratory physiotherapy is not well understood.

This systematic review aimed to assess the effectiveness of breathing exercises in patients 

with GERD and demonstrate the usefulness of HRM in GERD treatment guidance. 
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Moreover, we characterized specific respiratory techniques, using visual documentation, 

which may be of practical benefit to both gastroenterologists and physiotherapists in 

understanding how breathing exercises affect the antireflux barrier

Role of the Diaphragm as an Antireflux Barrier

The diaphragm is a striated flat muscle separating the thoracic and abdominal cavities, and is 

considered to be the main inspiratory muscle. It also serves as a postural stabilizer, and the 

crural diaphragm (CD) is an important component of the antireflux barrier [10, 11]. Studies 

quantifying the CD within the EGJ concluded that approximately 85% of overall EGJ 

contractility is attributable to the diaphragm [12]. As a skeletal muscle, the diaphragm is 

partially under voluntary control and its dysfunction can be improved by various techniques 

of respiratory physiotherapy. Strengthening the diaphragm may also have beneficial effects 

on the other components of the antireflux barrier—not only the EGJ.

Ideal involvement of the diaphragm in these functions requires maintenance of the caudal 

position of the chest, which is ensured by the balanced activity of the abdominal and 

pectoral muscles, and upper chest fixators [10]. Most patients with GERD typically have 

an imbalance in the auxiliary respiratory muscles, with their chest taking the inspiratory 

position that is labeled “open scissors syndrome” among respiratory physiotherapists 

(Fig. 1) [11]. Open scissors syndrome posture is an example of impaired lumbar spine 

stabilization, with the disturbed position of the thoracic and pelvic planes. This subsequently 

leads to a change in breathing pattern, with reduced activity of the CD. Moreover, it may 

also result in LES-CD separation, which is considered a significant risk factor for GERD, 

further leading to the development of hiatus hernia [13]. On the other hand, all activities 

that increase the diaphragm’s demands on its postural function, such as coughing, the 

Valsalva maneuver, or lifting the limbs, may lead to a reflexive increase in LES tone [6, 

14]. Additionally, due to the increased activity of the diaphragm, both EGJ competence 

and relaxation change. Reduced EGJ compliance forces the esophagus to exert greater 

contractile vigor during swallowing. Thus, improved diaphragmatic function may result in 

better esophageal peristalsis, which is an essential component of the antireflux barrier [15–

17].

HRM as a Useful Tool in the Management of Respiratory Physiotherapy

HRM has become a crucial part of the diagnostic procedure in patients with PPI refractory 

symptoms. Evaluation of the morphology and integrity of the EGJ has become a priority in 

the new version of the Chicago classification [12]. HRM not only provides parameters 

assessing the function of the antireflux barrier, but also allows the evaluation of the 

esophageal reserve, using various provocation maneuvers [13, 18]. Basal LES tone, presence 

of LES-CD separation, or esophageal contractile vigor are the main parameters describing 

the integrity and function of the antireflux barrier. HRM, and especially three-dimensional 

HRM, has enabled detailed imaging of the EGJ and provided insight into the functional 

contribution of indiviual EGJ components. This reveals a number of new parameters, such 

as the EGJ contractile integral (EGJ-CI), which also have predictive value in assessing 

the severity of GERD [19, 20]. Moreover, a number of these parameters directly reflect 

diaphragmatic function, especially LES-CD separation or inspiratory augmentation [16], 
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supporting the importance of focusing on the diaphragm in the therapeutic approach to 

GERD.

HRM may be a very useful tool in guiding respiratory physiotherapy itself, since various 

respiratory techniques performed during manometric examination may reveal not only 

EGJ dysfunction (Fig. 2), but also esophageal reserves (Fig. 3) that may not be apparent 

from standard assessments. This may help to understand the mechanism of reflux in a 

particular patient, creating a more appropriate therapeutic approach, as well as determine 

the appropriate load of breathing exercises. Signs indicating a more severe degree of 

antireflux barrier incompetence (for example, hypotensive LES or hiatus hernia), should 

further influence the therapeutic process. Moreover, patients who undergo DBT during 

treatment need to be motivated, since only regularly performed exercises have the potential 

to improve the antireflux barrier over time. HRM objectively and very clearly demonstrates 

the exact changes in EGJ function and esophageal clearence, obvious to patients themselves 

(Figs. 4 and 5). Therefore, HRM has the potential to be used as a method for biofeedback 

treatment for GERD patients. Halland and colleagues have used this approach in patients 

with rumination syndrome [21]. The researchers used postprandial HRM not only for 

diagnosis, but also for DBT in patients suffering from rumination. The study demonstrated 

both good tolerance of HRM during training, as well as its beneficial effect in reducing the 

disturbed gastroesophageal pressure gradient that is responsible for rumination.

Respiratory Physiotherapy in Patients with GERD

Although respiratory physiotherapy includes various techniques focused particularly on 

improving diaphragmatic function, there are many ways to perform breathing exercises. The 

main goal is to change the breathing pattern from thoracic to abdominal, where abdominal 

breathing is the ideal breathing pattern. For optimal activation of the diaphragm during 

DBT, caudal position of the chest is necessary [10, 11]. The caudalization of the chest 

itself will increase the involvement of the diaphragm in the EGJ, as showed in Fig. 6. 

Chest caudalization may also reduce esophageal shortening—one of the key events leading 

to EGJ opening during TLESr [5]. The manual contact of the therapist helps not only to 

maintain the correct position of the chest during breathing exercises, but enables the patient 

to focus on activating all parts of the diaphragm, i.e., to breath into the ventral, lateral, and 

dorsal parts of the abdominal cavity. Greater involvement of the diaphragm is achieved by 

increasing diaphragmatic postural activity, through various maneuvers [6, 10]. As shown in 

Fig. 6, triflexion of the lower limbs, used by physiotherapists for ideal co-activation of trunk 

muscles, increases the postural demands on diaphragm, resulting in higher diaphragmatic 

involvement in EGJ pressure. Triflexion of the lower limbs also enables the gradual increase 

in exercise load, which is very important in patients with suspected higher order EGJ 

dysfunction. Despite the more severe degree of dysfunction of the antireflux barrier, DBT is 

a suitable form of regular physical activity that can improve physical condition, in addition 

to improving GERD symptoms [22]. DBT can also prevent, for example, the development of 

lower back pain, since this condition is highly associated with open scissor syndrome [11].

The role of physiotherapists for patients with GERD is not only in guiding physiotherapy. 

Physiotherapists also help treat another musculoskeletal system dysfunctions, such as 
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reduced back muscle strength, scoliosis and kyphosis, or cervical vertebropathy, which 

are closely related to GERD [23–25]. Patients with GERD are generally less active than 

those without GERD [26]; however, strenuous physical activity in individuals with EGJ 

dysfunction may be predisposed to exercise-induced reflux. Increased EGJ compliance 

presents in GERD patients (even in those without hiatus hernia) and is likely to be partially 

responsible for the reflux that occurs during increased intra-abdominal pressure [27].

Methods

We performed an online search to identify relevant clinical trials regarding the effect of 

respiratory physiotherapy in patients with GERD. English language databases (Pubmed, 

Cochrane library, Google scholar) were used for the search, with the following 

keywords: “reflux”, “reflux disease”, “GERD”, “gastroesophageal reflux disease”, AND 

“diaphragmatic breathing”, “diaphragmatic breathing training”, “breathing exercises”, 

“respiratory physiotherapy”, abdominal breathing”, “inspiratory muscle training”. Only 

studies published in peer-reviewed journals since 2000 were included. Inclusion criteria 

were applied to adult patients diagnosed with GERD, based on typical symptoms 

confirmed by endoscopic examination or 24 h esophageal pH measurement. The study 

interventions were techniques of respiratory physiotherapy aimed at increasing the activity 

of diaphragmatic function, while control groups were treated only pharmacologically 

or underwent sham breathing exercises. The primary outcomes were reflux symptoms, 

quality of life (QoL) evaluated by standardized questionnaires, consumption of antireflux 

medication, and objective parameters of antireflux barrier function demonstrated on 

esophageal manometry or esophageal pH metry. The exclusion criteria included a different 

publication format from the clinical study (i.e., review, letter, or case report), duplicate 

studies, studies in the pediatric population, inappropriate study groups such as patients 

suffering from a disease other than GERD, and inconvenient interventions use or outcomes 

in the study (i.e., parameters not corresponding to GERD).

Results

Our literature search (performed by LZ and KB) identified 163 studies. After examining 

the titles and abstracts, we excluded 146 irrelevant studies, while the remaining 17 studies 

underwent full text reading. Additionally, six articles were discarded due to inapproprite 

study group use or outcomes, or they were duplicates. Eleven eligible studies were included 

in our systematic review. The flow diagram of literature searching is shown in Fig. 7.

In a randomized controlled trial, Eherer and colleagues [28] studied the effect of breathing 

exercises in patients with nonerosive reflux disease (NERD) and healed esophagitis. QoL, 

pH metry, and on-demand PPI usage were assessed at baseline and after 4 weeks of training. 

Patients in the training group practiced abdominal breathing techniques for 30 min per day. 

QoL and PPI usage were also evaluated after 9 months of continual training. A significant 

reduction in acid exposure time (AET) was found in the trained group compared to controls. 

QoL also improved, and PPI use decreased to one third of the initial dose after 9 months in 

patients who continued practicing breathing exercises.
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Da Silva et al. [29] performed a randomized controlled study using 38 patients with 

GERD, where 22 patients underwent osteopathic techniques and 16 were in the placebo 

group. The osteopathic techniques included respiratory maneuvers, using manual contact 

of the physiotherapist on the lower part of the thoracic cage during deep respiration. An 

average respiratory pressure and maximum expiratory pressure of the LES were measured 

by manometry before and immediately after the osteopathy. An increase of 9–27% in LES 

pressure was observed in patients who performed the osteopathic maneuver.

Carvalho de Miranda Chaves et al. [30] performed a prospective, sham-controlled study in 

GERD patients with hypotensive LES. The researchers evaluated the effect of inspiratory 

muscle training (IMT), using a specific device with controllable resistance of inhaled air 

on esophageal manometry and pulmonary function, after 8 weeks of training. Patients in 

the experimental group used a threshold device twice a day with progressive loading, while 

the threshold for sham-treated patients was stable for the whole period. The mid-respiratory 

pressure (MRP) increased in 75% of patients in the experimental group, with average 

increase of 46.6%. MRP increased in 66% of patients in the sham group, with an average 

increase of 26.2%. The researchers concluded that IMT increases LES pressure in patients 

with GERD, regardless of the resistence load.

Nobre e Souza et al. [31] prospectively assessed the impact of IMT on pH metry, 

manometry, and autonomic function in GERD patients. The patients entered a 5 days a week 

training program under progressive inspiratory resistance, using a threshold IMT device. 

The authors showed that IMT increased average EGJ pressure, decreased the number and 

cumulative duration of TLESrs, and also decreased the proximal progression of reflux. 

Heartburn and regurgitation scores decreased significantly after 2 months of training.

Sun et al. [32] investigated the effectiveness of diaphragm biofeedback training in 40 

patients with GERD, in short-term and long-term follow-up. Patients were randomized 

to receive breathing exercises and PPI treatment (rabeprazole), or rabeprazole alone. 

The diaphragm biofeedback training/rabeprazole group showed significant improvement 

in reflux symptoms and EGJ pressure after 8 weeks compared to baseline values. Acid 

suppressing drug use significantly decreased at the 6-month mark, where 82% of patients 

in the study group (diaphragm biofeedback training/rabeprazole) had ceased PPI use after 

breathing exercises, while only 6.2% of patients in the control group (rabeprazole only) had 

ceased PPI use.

In a study by Ong et al. [33], the effect of diaphragmatic breathing was assessed in GERD 

patients who exhibited a dominant symptom of supragastric belching. Fifteen patients 

were enrolled in the training group, while 21 controls were placed on a waitlist. Patients 

underwent four weekly sessions over a period of 4 weeks. After training, 80% of participants 

in the treatment group, compared to only 19% of participants in the control group, had a 

significantly reduced belching frequency, measured via a Visual Analog Scale score. Reflux 

symptoms and QoL scores also significantly increased in training group, and these changes 

were sustained 4 months post treatment.
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Moffa et al. [34] performed a prospective study in 21 patients with NERD and evaluated 

reflux symptoms and laryngoscopic findings before and after IMT. Nineteen patients 

completed the training program, which consisted of modified breathing exercises in 

supine and sitting positions performed twice a day for 4 weeks. The questionnaire 

scores of esophageal and extraesophageal symptoms (GERD esophageal symptomatology 

[GERDQ], extra-esophageal GERD symptomatology [RSI], GERD-Health-Related Quality 

of Life Questionnaire [GERD-HRQL]) significantly reduced after treatment, and laryngeal 

endoscopy scores greatly improved.

Martinez-Hurtado et al. [35] aimed to demonstrate whether diaphragmatic myofascial 

release (MFR) had any effect on the symptoms, QoL, and use of antisecretory medication 

in patients with NERD. The researchers randomized 30 patients into either an MFR or a 

sham group. Patients in the study group received MFR treatment comprising four sessions—

each lasting 25 min, twice a week, for 2 weeks. The experienced physiotherapist applied a 

three-dimensional, low-load pressure to the fascial tissue in the corresponding area to restore 

the myofascial properties of the CD. The sham group received exactly the same type of 

contact treatment but without any fascial stimulation or pressure. All variables were assessed 

at the baseline, 1 week, and 4 weeks after the end of the treatment. At week 4, patients 

receiving MFR techniques showed significant improvements in reflux symptoms, QoL, and 

PPI usage compared to the sham group.

The effect of osteopathic visceral treatment in patients with GERD was evaluated in a study 

by Eguaras et al. [36]. Sixty patients were equally randomized in a study and control group. 

Reflux symptoms were assessed 1 week after the first intervention, which was performed by 

an osteopath for 5 min. Cervical mobility and C4 spinosus process pressure pain threshold 

were assessed after the second intervention, after 2 weeks. The application of osteopathic 

manual treatment produced significant improvements in all assessed variables in the study 

group compared to the control group.

Halland et al. [37] studied the effect of diaphragmatic breathing in GERD patients with 

upright reflux and aimed to determine the impact of postprandial breathing maneuvers 

on reflux, LES, and gastric pressure. Thirty-three subjects were enrolled in the study. 

During high-resolution impedance manometry, 23 study patients received a standardized 

meal and were randomized to a DBT or sham group. After, patients underwent 48 h of 

pH-impedance monitoring, with another randomization to postprandial DBT on the second 

day. The postprandial breathing training reduced the number of postprandial reflux events in 

patients and healthy controls and decreased reflux episodes on day two compared to day one 

observations in all subjects. Comparing the DBT group with the sham group, total AET on 

day two was not significantly different, but AET in the two-hour window after standardized 

meal administration was significantly reduced on day two versus day one. According to the 

authors, DBT reduces postprandial reflux by increasing the difference between LES and 

gastric pressure.

Ahmadi et al. [38] compared the effect of diaphragmatic breathing and aerobic exercise 

(AE) on LES pressure and QoL in patients with moderate to severe GERD. Patients were 

randomized into three equal groups. The control group received 20 mg of omeprazole per 
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day, while the other groups received DBT or AE in addition to antireflux medication. 

Patients in the DBT group performed DBT with deep respiration into the abdomen, 5 days 

a week and with five sessions each day. Patients in the AE group ran for 20 min per day, 

achieving 70% of maximum heart rate, for five sessions a week. QoL and LES pressure were 

measured before and after the study. DBT improved both LES pressure and QoL in patients 

with reflux, where DBT had more of an effect on QoL than AE did.

The results of all selected studies are summarized in Table 1.

Discussion

GERD is a global health issue with an increasing incidence. Antisecretory medications 

remain the main therapeutic approach to controlling reflux symptoms in most GERD 

patients; however, antisecretory medications do not affect reflux mechanisms. Furthermore, 

patients themselves become aware of the possible adverse effects of PPIs, creating 

reluctance in taking these medications over extended periods. The second most often applied 

treatment in GERD is surgical fundoplication, which is often considered too invasive a 

procedure. The gap between these two main treatment approaches principally consists of 

endoscopic methods that are not recognized as standard treatments and, moreover, are not 

available to patients in many countries [39].

Respiratory physiotherapy is an approach providing therapeutic relief in some GERD 

patients, since the diaphragm (which is the target of breathing exercises) is considered the 

dominant component of the antireflux barrier.

The effect of various respiratory physiotherapy techniques was evaluated in selected 

studies examining both GERD symptoms and QoL, with objective parameters such as 

EGJ function and reflux parameters. The authors mostly used validated questionnaires 

(GERDQ, RSI, GERD-HRQL), whose scores, in general, significantly improved in relation 

to reflux symptoms and QoL after the administration of respiratory physiotherapy training. 

Moreover, the studies assessing PPI consumption before and after breathing exercise training 

demonstrated a significant reduction in PPI usage after breathing exercise training. All 

studies assessing objective parameters showed overall improvement in GERD outcomes. 

The measured parameters of EGJ function included an increase in LES or EGJ pressure, 

decreased AET, decreased number or duration of TLESr or reduced postprandial reflux 

events.

The majority of patients in these studies suffered from NERD or mild reflux disease (i.e., 

reflux esophagitis grade A or B), but in a few studies, the GERD phenotype was undefined, 

or patients were diagnosed based on typical symptoms (such as responding to PPIs 

only). These studies may have included patients with functional heartburn or esophageal 

hypersensitivity—not GERD. The beneficial effect of breathing exercises found in these 

patients could have been the result of reduced hypersensitivity or hypervigilance. On the 

contrary, four studies demonstrated the effect of respiratory physiotherapy in patients with 

moderate to severe GERD, or an even greater degree of EGJ dysfunction (e.g., hypotensive 
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LES and hiatus hernia), which highlights the potential of respiratory physiotherapy in a 

broader spectrum of patients with GERD [30, 31, 33, 38].

Conventional manometry and pH metry without impedance were used in most of the 

studies for objective evaluation of the EGJ and for determining the presence of reflux 

events. These methods could have influenced the accuracy of EGJ function assessment, 

since the sensitivity of conventional manometry in evaluating diaphragmatic function is not 

adequate [40]. Equally, pH metry is not suitable for evaluating PPI refractory patients, since 

weak acid reflux and proximal mixed episodes are responsible for persistent symptoms in 

those patiens. The majority of patients enrolled in those studies were symptomatic, despite 

treatment with PPIs. As impedance detects approximately 20% more reflux episodes, using 

pH metry with impedance would have been of greater benefit due to the increased sensitivity 

impedance brings [41].

Most study outcomes were evaluated after a relatively short time. Only a few studies 

had a long-term follow-up over several months, where long-term follow-up was better 

in demonstrating the changes on antireflux barrier function induced by regular breathing 

exercise training. Appropriate diaphragmatic function depends on the restoration of the ideal 

position of the body, which requires a longer time to achieve; thus, the assessment of DBT 

effects, after only a few weeks of use, on GERD symptoms may have been underestimated.

Besides breathing exercises, MFR was applied in two of the studies. Manipulation of the 

myofascial tissues, which form a network throughout the body, affects the function of 

muscles, bones, and visceral tissues, leading to the reduction of pain and improvement 

of muscle strength and range of motion. Mechanical stimulation of the diaphragm can 

increase its contractility and proprioception, and thus its participation in EGJ competence. 

Moreover, visceral manipulation releases increased tension within the abdominal cavity, 

which may favorably affect the abdomino-thoracic pressure gradient. This pressure gradient, 

together with the dysfunction of the antireflux barrier, is considered a critical point in the 

development of gastroesophageal reflux [42].

There were several limitations among the analyzed studies. Some studies included small 

numbers of patients. Most of the studies did not have blinding and lacked effective 

implementation control of the recommended exercises for patients. Furthermore, studies 

differed in terms of the specific physiotherapeutic technique under examination. Despite 

these limitations, the studies were prospective and controlled, and all but four were 

randomized. Although the studies generally showed an improvement in reflux symptoms, 

QoL, and EGJ contractility (including the reduction of reflux episodes after treatment), the 

studies were often heterogenous in their design, study outcomes, and particularly study 

interventions. Thus, it would be difficult to assess these the data in a meta-analysis.

DBT may be a useful therapeutic method in a large spectrum of GERD patients, as 

demonstrated by the presented studies. Patients who are symptomatic despite lifestyle 

modifications and the use of antisecretory medication should consider practicing DBT, since 

it may improve antireflux barrier function and thus allow reduced PPI consumption. We 

suggest that DBT should be part of the therapeutic approach for all GERD phenotypes, 
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including patients with varying degrees of hiatus hernia. The use of HRM as a biofeedback 

therapy also allows the adjustment of ideal treatment positions or techniques in patients with 

more severe antireflux barrier dysfunction. Therefore, we do not assume that some groups 

of patients are contraindicated to practice DBT. There are no data evaluating the effect of 

DBT in patients who are indicated for or have undergone antireflux surgery. However, due 

to the possible effect of DBT on esophageal contractility, we hypothesize improved surgical 

outcomes in patients who practice DBT before surgery. This hypothesis must be confirmed 

by future clinical studies.

Conclusion

Current knowledge suggests the potential of breathing exercises in the treatment of 

GERD; however, long-term efficacy, patient selection, and the role of HRM in tailoring 

physiotherapeutic approaches requires further research. Future work should also aim to unify 

physiotherapeutic procedures to obtain a standardized method in GERD treatment, allowing 

for the better assessment of procedural effects in GERD patients.
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Fig. 1. 
Open scissors syndrome. Left: An example of impaired lumbar spine stabilization. The red 

lines represent the plane of the chest (diaphragm) and pelvis (with their incorrect positions), 

and lordotization of the lumbar spine in the so-called “open scissors syndrome.” The yellow 

circles indicate a loss of abdominal muscle function. The black lines represent a defect in 

the position of the lower ribs. Right: Schematic representation of the ideal and disturbed 

positions of the planes of the chest, pelvis, and lumbar spine. a Ideal position, with the 

planes of the diaphragm and pelvis placed horizontally above each other; b instability of 

the lumbar spine, with incorrect position of individual body segments corresponding to open 

scissor posture (reprinted with permission of Petr Bitnar)
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Fig. 2. 
Esophagogastric junction (EGJ) dysfunction revealed during contraction of the abdominal 

muscles in the manometric study. Increased EGJ compliance may not be apparent until intra-

abdominal pressure has increased. Various physical activities performed during manometric 

examination may reveal EGJ dysfunction. In this case, an abdominal strengthening exercise 

with leg raises showed the disruption of the EGJ (c) with lower esophageal sphincter-crural 

diaphragm separation of a size of 2.5 cm (white arrows), and by apparent transient lower 

esophageal sphincter relaxation (black arrow). EGJ dysfunction was visible neither during 

the resting phase (a) nor during swallowing (b)
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Fig. 3. 
Increase in esophageal contractility during diaphragmatic breathing training (DBT). 

Provocative tests such as multiple rapid swallow or rapid drink challenge are used to 

determine the contractile reserve of the esophageal body during manometry. An increase in 

the tonic activity of the crural diaphragm during DBT leads to a decrease in esophagogastric 

junction (EGJ) relaxation during deglutition. Reduced EGJ relaxation represents some 

degree of obstruction in EGJ flow that is accompanied by an increase in esophageal 

contractility (black arrows). Therefore, application of DBT may demonstrate contractile 

reserve of the esophageal body that is not apparent when using the provocative tests during 

standard manometry studies (white arrows indicate where we usually expect augmented 

peristalsis)
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Fig. 4. 
High-resolution manometry (HRM) before and after respiratory physiotherapy in a case of 

hypotensive lower esophageal sphincter (LES). The finding on HRM shows an increase 

in the tone of the LES after respiratory physiotherapy was applied in a patient with 

initial hypotensive LES. Left: Evaluation in the landmark (a) and in a swallow (b) 

before respiratory physiotherapy (mean LES pressure 7.9 mmHg). Right: Evaluation in the 

landmark (c) and in a swallow (d) after respiratory physiotherapy (mean LES pressure 33.3 

mmHg)
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Fig. 5. 
High-resolution manometry (HRM) before and after respiratory physiotherapy in a case 

of ineffective esophageal motility (IEM). The finding on HRM shows an increase in 

the contractile vigor of the esophagus after respiratory physiotherapy was applied in a 

patient with initial IEM (assessed according Chicago classification v3.0). a Evaluation of 

esophageal contractility before respiratory physiotherapy (mean distal contractile integral 

[DCI] 632 mmHg.cm.s; half of all swallows were weak); b Evaluation of esophageal 

contractility after respiratory physiotherapy (mean DCI 1620 mmHg.cm.s; no swallows were 

weak)
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Fig. 6. 
The caudalization of the chest during respiratory physiotherapy. For ideal involvement of 

the diaphragm during breathing exercises, manual correction of the chest to the caudal 

position is usually necessary before respiratory physiotherapy. The greater engagement 

of the diaphragm in the function of the esophagogastric junction after this adjustment is 

evident, using high-resolution manometry (HRM; white arrow) (photo taken with permission 
of the patient)
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Fig. 7. 
Flow diagram of literature screening
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