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ABSTRACT 

 

Background: expiratory rib cage compression technique is one of the most practiced chest 

physiotherapy technique in mechanically ventilated patients in intensive care unit. Purpose: this 

study was conducted to detect the effect of manual rib cage compression on blood gases in 

mechanically ventilated patients. Subjects &methods: forty adult mechanically ventilated 

patients participated in this study , their ages ranged from 40 to 50 years old and randomly 

distributed into two equal groups (A and B). Group (A): twenty mechanically ventilated patients 

received traditional physiotherapy (positioning, percussion, vibration and suctioning). Group (B): 

twenty mechanically ventilated patients received manual expiratory rib cage compression 

technique in addition to the same traditional treatment. Each patient in both groups assessed 

before treatment and reassessed after three successive days of treatment with a rate of two 

sessions per day regarding ABG parameters (PaO2, and PaCo2). Results: there were significant 

increase after treatment in PaO2 compared to before-treatment within control group and study 

group. Study group improved higher PaO2 than control group .But, no significant differences 

(P>0.05) between before and after treatment in PCO2 within control group and study group. And 

Between both groups indicated no significant differences (P>0.05) at before and after treatment 

in PCO2, PO2, between control group and study group. Conclusion: Addition of manual rib 

cage compression technique to traditional chest physiotherapy show positive clinical effects on 

PaO2 but has no effect on PaCO2.  
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INTRODUCTION 

Intensive Care Units (ICUs) are special 

units used to provide care for critically ill 

patients, Critical patients might need invasive 

ventilatory support for different reasons.  

Invasive mechanical ventilation is not an 

easy to decision to take for some patients, but 

it is a method of keeping patients alive by 

adequate tissue oxygenation to support the 

body during the treatment course in the ICU 

(1).  

Also Invasive mechanical ventilation 

(MV) considered to be the cornerstone in the 

treatment of the critically ill patients, it had a 

deleterious effects caused by Tracheal 

intubation which seriously impairs cough 

reflex and mucociliary escalator function 

leading to sequestration and impaction of 

secretions in the lower airways. (2)  

Respiratory or chest physiotherapy is a 

part of the multidisciplinary care of critically 

ill patients Particularly in intubated, sedated, 

and MV-dependent patients because of 

pulmonary complications resulting from the 

depression of the cough reflex, reduction in 

mucociliary clearance, and the increase in the 

bronchial mucus production. (3)  

Expiratory rib cage compression (ERCC) 

or squeezing is one the most frequently used 

airway clearance techniques among adult 

critical patients, and it is found to be safe for 

critically ill patients, compared to percussion 

or vibration. (4)  

ERCC consists of a manual thoracic 

compression applied during exhalation, 

followed by a sudden release at the end of 

exhalation, aiming to increase expiratory flow, 

thus expanding the gas-liquid interaction and 

mobilizing secretions from peripheral to 

central regions, favoring their removal (4)  

Chest wall percussion and vibration were 

used by up to 80% of physiotherapists, based 

on the assumption that applying an external 

force to the chest wall to loosen the mucus 

facilitates airway mobilization and clearance 

(5)  

Frequent positioning in bed helps to 

increase lung volume, mobilize and remove 

secretions from the airway with the help of 

gravity, improve the V/Q ratio, reduce the 

work of breathing, minimize myocardial work. 

(3)  

Arterial blood gases are measured to 

determine the percentage of hemoglobin 

saturated with oxygen (Sao2), amount of 

oxygen dissolved in the blood (PaO2), the 

amount of carbon dioxide dissolved in the 

blood (PaCO2) and the amount of acid in the 

blood (PH). The oxygen measure used to 

determine if the patient needs oxygen therapy. 

The carbon dioxide used to give an idea about 

lung function. (6) with spastic diplegic CP.  

 

Materials and Procedures 

 Study design:  

This was a randomized controlled 

study. Participants were recruited from kasr al 

Ainy hospitals, Cairo, Egypt from November 

2019 to February 2021. 

Ethical considerations:  

Ethical considerations: Human use 

analysis has complied with all applicable 

national regulations and institutional policies, 

followed the human use study. The tenets of 

the Helsinki Declaration and the acceptance of 

the ethical declaration physical therapy faculty 

of committee, Cairo University, Egypt  

Participants:  

Forty adults mechanically ventilated 

patients from both sexes participated in this 

study, their age ranged from 40 to 50 years old 
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Patients were randomly assigned into two 

equal groups in number (20 patients for each 

group A and B) , Their relatives were fully 

informed by the physiotherapist and all signed 

a written informed consent form.  

 

INCLUSION CRITERIA:  

All the patients had the following criteria:  

1. Age ranged from 40 to 50 years old.  

2. Mechanically ventilated patients more than 

48 hours.  

3. . Medically stable patient.  

4. Semiconscious.  

5. Patient with neck circumference more than 

or equal 35.5 in men and more than or equal 

32 in women  

 

EXCLUSION CRITERIA:  

Patient presenting any of the followings 

excluded:  

1. Patient with hemodynamic instability.  

2. Patient with acute respiratory distress 

syndrome.  

3. Inotropic support.  

4. Untreated pneumothorax.  

5. Rib fracture or lung damage.  

6. Recent pulmonary embolism, cardiac arrest, 

AF, MI.  

 

Measurements procedures:  

Arterial blood gases (ABGs):  

1. PaO2  

2. PaCo2  

 

Treatment procedures:  

Control group (A): 20 mechanically 

ventilated patients that received traditional 

physiotherapy methods (percussion, vibration 

and positioning) twice per day, total time of 

the session was ranged from 20-30 minutes 

followed by suction. The treatment started 48 

hours after mechanical ventilation, they 

received treatment daily for three successive 

days.  

Study group (B): 20 mechanically ventilated 

patients that received first traditional 

physiotherapy (percussion, vibration and 

positioning) for 20-30 minutes then bilateral 

manual expiratory rib cage compression 

technique for 5 min followed by suction. 

The treatment started 48 hours after 

mechanical ventilation, and done 2 times per 

day for three successive days.  

Data analysis:  

Data were screened, for normality 

assumption test and homogeneity of variance. 

Normality test of data using Shapiro-Wilk test 

was used, that reflect the data was normally 

distributed (P>0.05) after removal outliers that 

detected by box and whiskers plots. 

Additionally, Levene's test for testing the 

homogeneity of variance revealed that there 

was no significant difference (P>0.05). So, the 

data are normally distributed and parametric 

analysis is done. The statistical analysis was 

conducted by using statistical SPSS Package 

program version 25 for Windows (SPSS, Inc., 

Chicago, IL). Data are expressed as mean and 

standard deviation for demographic data (age 

and neck circumference). Multivariate analysis 

of variance (MANOVA) used to compare the 

tested major variables of interest at different 

tested groups and measuring periods. Mixed 

design 2 x 2 MANOVA-test was used, the first 

independent variable (between subject factors) 

was the tested group with 2 levels (control 

group and study group). The second 

independent variable (within subject factor) 

was measuring periods with 2 levels (before 

and after treatment). Bonferroni correction test 

was used to compare between pairwise within 

and between groups of the tested variables 

which F was significant from MANOVA test. 

All statistical analyses were significant at level 

of probability less than an equal 0.05 (P ≤ 

0.05) 
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Results 

  

In the current study, a total of 40 patients participated and they were randomly 

distributed into 2 groups (20 patients/group). No significant differences (P>0.05) in 

demographic data for age (P=0.460) and neck circumference (P=0.622) between control 

group and study group (Table 1). 

 

 

 

The statistical analysis using 2x2 mixed design MANOVA (Table 2) indicated that there 

were significant differences (F-value=3.347; P=0.014; P<0.05) of the tested groups (the first 

independent variable) on the all tested dependent variables (PCO2 and PO2). In addition, there 

were significant differences (F-value=17.264; P=0.0001; P<0.05) of the measuring periods (the 

second independent variable) on the tested dependent variables. However, no significant (F-

value=1.459; P=0.224; P>0.05) due to the interaction between the two independent variables, 

which indicates that the effect of the tested group (first independent variable) on the dependent 

variables was not influenced by the measuring periods (second independent variable). 

 

 

Multiple pairwise comparison tests within each group for PCO2 and PO2 variables 

(Table 3) showed that there were significantly increased after treatment in PO2 (P=0.0001; 

P<0.05) compared to before-treatment within control group and study group. Study group 

improved higher PO2 (46.85) than control group (39.65). But, no significant differences 

(P>0.05) between before and after treatment in PCO2 within control group and study group. 

Multiple pairwise comparison tests between both groups for PCO2 and PO2 variables (Table 3) 
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indicated no significant differences (P>0.05) at before and after treatment in PCO2 and PO2, 

between control group and study group. 

 

 

Discussion 

      The present study was designed to study 

the effect of manual expiratory rib cage 

compression on blood gases in mechanically 

ventilated patients. Forty mechanically 

ventilated patients assigned into two groups, 

each group consisted of twenty patients. The 

first group was the group (A) who received 

traditional physiotherapy; the second group 

was the group (B) who received traditional 

physiotherapy and manual expiratory rib cage 

compression for three successive days  

The results of this study proved that there were 

significant increase in PaO2 and SaO2 after 

treatment compared to before-treatment within 

control group and study group. Study group 

improved higher PO2 and SaO2 than control 

group.  

But, no significant differences between 

before and after treatment in pH and PCO2 

within control group and study group.  

And No significant differences at before and 

after treatment in pH, PCO2, PO2, and SaO2 

between control group and study group.  

In agreement with Santos et al., who stated 

that both manual expiratory rib cage 

compression and PEEP-ZEEP showed a 

statistically significant difference in tidal 

volume, static compliance and dynamic 

compliance but In relation to oxygenation, in 

the group of manual rib-cage compression, 

peripheral oxygen saturation increased with 

significant difference (7)  

Consistent with randomized controlled trial of 

berti et al., 2012 whose result show that he 

use of expiratory rib cage compression with 

manual hyperinflation had a positive effect on 

the duration of MV, as accelerated the 
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weaning process and in turn the ICU discharge 

rate and Murray score. (8  

In contrast to the above Unoki et al., 

2005, reported that rib-cage compression prior 

to endotracheal suctioning does not improve 

airway-secretion removal, oxygenation, or 

ventilation after endotracheal suctioning in this 

unselected population of mechanically 

ventilated patients (9)  

In addition to Guimaraes et al. 2014. 

Who found in his study that ERCC increases 

expiratory flow but it has no clinical relevant 

effects on improving the sputum production 

and respiratory mechanics in hyper secretive 

mechanically ventilated patients. The 

maneuver can cause also EFL in some 

patients. (10)  

Unlike Mase et al, whose study 

support that expiratory rip cage compression 

promote the expiration and increase the tidal 

volume, however the lung volume didn’t 

increase beyond the end inspiratory levels at 

rest (11) 

Conclusion  

Addition of manual rib cage 

compression technique to traditional chest 

physiotherapy show positive clinical effects on 

PaO2 in mechanically ventilated patients but 

has no effect on PaCO2.  

Disclosure statement  

No author has any financial interest or 

received any financial benefits from this 

research.  

Conflict of interest  

The authors state no conflict of interest 

References 

 
1. Elkolalya R., Bahra H., El-Shafeya B., 

Basuonib A and Elberc E. (2019): 

Incidence of ventilator-associated 

pneumonia: Egyptian study, Egyptian 

Journal of Bronchology .13:258–266.  

2. Spapen HD, De Regt J and Honoré PM 

(2017): Chest physiotherapy in 

mechanically ventilated patients 

without pneumonia—a narrative 

reviews. J Thorac. Dis. 9(1):E44- E49.  

3. Moreira FC, Teixeira C, Savi A, Xavier 

R (2015): changes in respiratory 

mechanics during respiratory 

physiotherapy in mechanically 

ventilated patients, Rev Bras Ter 

Intensiva. 2015; 27(2):155-160.  

4. Borges L., Saraiva M., Saraiva M., 

Macagnan F and Kessler A. (2017): 

Expiratory rib cage compression in 

mechanically ventilated adults: 

systematic review with meta-analysis, 

Rev Bras Ter Intensiva. 29(1):96-104  

5. Nowobilski R, Włoch T and 

Płaszewski M (2010): Efficacy of 

physical therapy methods in airway 

clearance in patients with chronic 

obstructive pulmonary disease. Pol 

Arch Med Wewn. 120 (11): 468-478.  

6. Lippincott Williams and Wilkins 

(2003): Hand book of diagnostic tests.3 

rd. ed.Philadelphia; 62-66.  

7. Santos F, Schneider Júnior L, 

Forgiarini Junior L, Veronezi J (2009): 

Effects of manual rib-cage 

compression versus PEEP-ZEEP 

maneuver on respiratory system 

compliance and oxygenation in patients 

receiving mechanical ventilation. Rev 

Bras Ter Intensiva.21 (2):155-161.  

8. Berti J, tonon E, ronchi F, berti H, 

Stefano L, gut A, et al (2012): manual 

hyperinflation combined with 

respiratory rib cage compression for 

reduction of length of ICU stay in 

critically ill patients on mechanical 

ventilation, J Bras Pneumol. 2012; 

38(4):477-486.  

9. Unoki T, Kawasaki Y, Mizutani T, 

Fujino Y, Yanagisawa Y and Ishimatsu 

S. et al (2005): Effects of expiratory 

rib-cage compression on oxygenation, 

ventilation, and airway-secretion 

removal in patients receiving 

mechanical ventilation. Respiratory 

Care. 50(11):1430-7.  



Asmaa Mostafa AbdElkader       

7 
 

10. Guimarães F., Lopes A., Constantino 

S., Lima J., Canuto P and De Menezes 

S. (2014): Expiratory Rib Cage 

Compression in Mechanically 

Ventilated Subjects: A Randomized 

Crossover Trial Respir Care. 59 (5) 

678-685  

11. Mase K, Yamamoto K, Murakami S, 

Kihara K, Matsushita K, Nozoe M and 

Takashima S (2018): Changes in 

ventilation mechanics duringexpiratory 

rib cage compression in healthy males, 

J. Phys. Ther. Sci. 30: 820-824.  

 
  


