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ABSTRACT 

 
Physical therapy a part of icu patients care and it can help in prevention and treatment of respiratory 

complications like secretion retention, atelectasis, pneumonia, weaning difficulties and impaired mobility. The 
purpose of our study was to investigate the effect of different physiotherapy modalities for critical ill patients. 
Forty-five patients with respiratory failure were randomly selected from critical care department Cairo 
university hospitals .These patients were divided  into three   groups A,B and C ,15 patients for each group , 
group A assigned to chest physiotherapy only  , group B assigned chest physiotherapy in addition to manual 
hyperinflation ,while group C assigned standard chest physiotherapy , manual hyperinflation and respiratory 
muscles training .oxygenation parameters , strength of respiratory muscles and sputum amount  for each 
patient of the three  groups were recorded. Showed significant improvement in the three groups , 
improvement was higher in group C more than group A and B regarding  to oxygenation, respiratory muscles 
strength and the sputum amount because of adding other modalities to chest physiotherapy .Conclusion: 
adding of manual hyperinflation and respiratory muscles strength training to chest physiotherapy could be a 
helpful  tool to improve  oxygenation and  respiratory muscles power and increase sputum clearance in  critical 
ill patients . 
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INTRODUCTION 
 

Prolonged mechanical ventilation Patients, may suffer from ‘‘chronic critical illness’’ physical de-
conditioning, recurrent symptoms, mood alterations and poor quality of life. [1] 

 
The role of physical therapists in an ICU is different and important in the short- and long-term care of 

patients admitted to ICUs [2, 3].The clinical results of a physiotherapy program in these medical and surgical 
areas are recovery of physical and respiratory functions, discontinuation of mechanical ventilation and 
improvement in health status. [4] 

 
The aims of physical therapy program in ICU  is to apply advanced therapeutic tools to decrease 

complications associated with bed-rest and the patient’s ventilator dependency to improve residual function 
and  the health status and quality of life [5, 6] 
 

METHODS AND MATERIAL 
 
This randomized study was conducted on 45 ICU patients on mechanical ventilation.  

 
Forty five  Patients were assigned  into three groups : A,B and C ,15  patients for each group  .group 

A assigned  to chest physiotherapy only ,group B assigned to  chest physiotherapy with manual hyperinflation , 
group C assigned  to chest physiotherapy , manual hyperinflation and respiratory muscle training . 

 
Only Patients included in our study should be vitally stable during the study period, conscious and 

respond to verbal command. The patients should be accepting, stable and can tolerate Spontaneous breathing 
trial, with this setting FiO2 0.4 or less, PEEP less than 5CmH2O, SpO2 more than 90 %. The study excludes 
unstable Patients like (neurological problems, chest trauma, lack of attention) and skipping of any sessions for 
any cause. 
 

METHODS 
 
the following parameters were measured before and after treatment For all  patients ,blood gas 

analysis measuring (O2 %, PaO2, and calculating PaO2/FiO2),Muscle strength parameters (NIP)negative 
inspiratory pressure  were measured through ventilator reading and amount of sputum. 
 
Chest physiotherapy 

 
Chest physiotherapy in the form of percussion, vibrations, suction and various breathing exercises and 

muscle training (for limbs) was applied three times per day for all patients for one week. 
 
Procedure of manual hyperinflation technique:  

 
Manual hyperinflation technique MHI was performed using resuscitation bag locked at 45 CmH2O by 

using a larger than normal volume at a low inspiratory flow followed by an inspiratory hold of approximately 2-
3 seconds and expiration with a high expiratory flow where inspiratory: expiratory ratio of approximately 1/2 
was followed by an uninterrupted expiration during which the bag was held compressed then a ‘quick release’ 
of the bag [7, 8].  

 
The patient should be reconnected to the ventilator and check the patient’s signs of distress 

(tachypnea, cyanosis, tachycardia), and position of the endotracheal tube [9]. 
 
Procedure for respiratory muscles training: according to Cader SA et al., [10] 

 
The resistance to inspiration through the use of a flow-independent one-way valve, generating a 

linear pressure. During expiration there is no resistance because the unidirectional valve opens, while during 
inspiration the valve closes, providing resistance to inspiration. The amount of resistance can be adjusted by 
increasing the compression on a spring mechanism in the device. 
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Inspiratory muscle Training: (IMT) 
 
Starting intensity was 30% of negative inspiratory pressure (NIP) of each patient which taken from ventilator 
itself   then increase the load on IMT device by 1-2 CmH2Oevery session .Training  consists of 5 to 6 sets of 
repetitions through the trainer. This training breath was repeated six times in each training set, Training 
breaths was completed for a total of 18 to 30  times per session for about 10 minutes. Sessions were 
conducted 2/ day for about 3days for each patient. oxygen was used with the IMT device during training. 
Patients were reconnected to MV for rest between training sets as needed. 
 
Assessment of the results: 

 
variables  was  measured physiotherapy sessions for all study groups and at the end of the study 

,study variables  include arterial blood gas analysis to measure  (O2 %,  PaO2, and calculating PaO2/FiO2)Muscle 
strength parameters (negative inspiratory pressure)  (NIP)and amount of  sputum after suction  in ml . 

 
Data analysis  

 
Statistical analysis was performed on the data obtained from 45 patients. All statistical analysis was 

performed using SPSS for Windows 16.0; paired t-test was carried out to determine the significance of the 
outcome measurements pre and post-study in the three groups, ANOVA test used to determine the 
significance difference between groups . P-value of less than 0.05 was used to determine the significance of 
the outcome measurements between the three groups for Oxygenation and muscle strength parameters and 
amount of sputum. 
 

RESULTS 
 

The study groups A,B and C composed of 45patients,15 patients for each group ,  their ages ranged 
from 50 to 60 years with a mean of 49.67 ±4.28years for group A, a mean of 45.80 ±5.62years for group Banda 
mean of 47.58 ±5.07years for group C .with no significant difference between groups regarding to age with (P 
value ; 0.107). 
 
1-Pre- and Post-O2% within and among each group A, B and C:  
 

The obtained results in this study revealed no significant difference when comparing the pre-
treatment mean values of the study groups regarding to O2% (P value ; 0.251),but post  treatment there was 
significant improvement in the mean values of O2% in all groups A,B and C (P value ; 0.0001) , improvement 
percent was0.93% for group A ,then increased to 1.28% for group B due to adding of manual hyperinflation to 
standard chest physiotherapy, then increased to 2.05% for group C due to adding of manual hyperinflation and 
respiratory muscles training  to standard chest physiotherapy see table (1) and figure (1) 
 

Table 1: Mean pre- and post-O2% within and among groups A, B and C. 
 

Items 

O2% 

Pre-treatment Post-treatment 
(P-value) 

Within groups 
(%) of 

improvement 
Group A 95.70 ±0.67 96.59 ±0.70 0.0001 0.93% 

Group B 96.10 ±0.63 97.33 ±0.48 0.0001 1.28% 

Group C 96.03 ±0.76 98.00 ±0.75 0.0001 2.05% 

F-value 1.430 17.22 

 (P-value) among groups 0.251 0.0001 

Significance (P<0.05) NS S 
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Figure 1: Mean O2%of pre- and post-treatment within and among groups A, B and C. 

 
2- Pre- and Post-PaO2value within and among each group A, B and C: 
 

The obtained results in this study revealed no significant difference when comparing the pre-
treatment mean values of the study groups regarding to PO2 (P value ; 0.99),but post  treatment there was 
significant improvement in the mean values of PO2 in all groups A,B and C (P value ; 0.0001) ,  improvement 
percent was 4.1% for group A ,then increased to 12.13% for group B due to adding of manual hyperinflation to 
standard chest physiotherapy, then increased to 22.91% for group C due to adding of manual hyperinflation 
and respiratory muscles training  to standard chest physiotherapy see table (2) and figure (2). 
 

Table 2: Mean pre- and post-PO2 within and among groups A, B and C 
 

Items 

PO2 

Pre-treatment Post-treatment 
(P-value) 

Within groups 
(%) of 

improvement 
Group A 136.20 ±10.39 141.80 ±10.10 0.0001 4.11% 

Group B 136.33 ±11.42 152.87 ±10.35 0.0001 12.13% 

Group C 136.20 ±12.26 167.40 ±6.34 0.0001 22.91% 

F-value 0.001 30.92 

 (P-value) among groups 0.99 0.0001 

Significance (P<0.05) NS S 

 
Figure 2: Mean PO2of pre- and post-treatment within and among groups A, B and C. 

 
3-Pre- and Post-PaO2/FiO2 ratio within and among each group A, B and C:  
 

The obtained results in this study revealed no significant difference when comparing the pre-
treatment mean values of the study groups regarding to PaO2/FiO2 (P value ; 0.99),but post  treatment there 
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was significant improvement in the mean values of PaO2/FiO2 in all groups A,B and C (P value ; 0.0001) ,  
improvement percent was 4.1% for group A ,then increased to 12.13% for group B due to adding of manual 
hyperinflation to standard chest physiotherapy, then increased to 22.67% for group C due to adding of manual 
hyperinflation and respiratory muscles training  to standard chest physiotherapy see table (3) and figure (3). 

 
Table 3: Mean pre- and post- PaO2/FiO2 within and among groups A, B and C. 

 

Items 

PaO2/FiO2 

Pre-treatment Post-treatment 
(P-value) 

Within groups 
(%) of 

improvement 
Group A 340.50 ±25.98 354.50 ±25.25 0.0001 4.11% 

Group B 340.83 ±28.56 382.17 ±25.87 0.0001 12.13% 

Group C 341.17 ±29.74 418.50 ±15.86 0.0001 22.67% 

F-value 0.002 29.74 

 (P-value) among groups 0.998 0.0001 

Significance (P<0.05) NS S 

 

 
 

Figure 3: Mean PaO2/FiO2 pre- and post-treatment within and among groups A, B and C. 
 

4- Pre- and Post-NIP  value within and among groups A, B and C:  
 

The obtained results in this study revealed no significant difference when comparing the pre-
treatment mean values of the study groups regarding to NIP (P value ; 0.57),but post  treatment there was 
significant improvement in the mean values of NIP in all groups A,B and C (P value ; 0.0001) , improvement 
percent was 6.44 % for group A ,then increased to 20.11% for group B due to adding of manual hyperinflation 
to standard chest physiotherapy, then increased to 33.86 % for group C due to adding of manual hyperinflation 
and respiratory muscles training  to standard chest physiotherapy see table (4) and figure (4). 

 
Table 4: Mean pre- and post- NIP within and among groups A, B and C. 

 

Items 

NIP 
Pre-treatment Post-treatment 

(P-value) 
Within groups 

(%) of 
improvement 

Group A 15.53 ±3.33 16.53 ±2.97 0.0001 6.44% 

Group B 15.27 ±2.96 18.33 ±2.16 0.0001 20.11% 

Group C 16.33 ±2.19 21.87 ±3.11 0.0001 33.86% 

F-value 0.561 14.28 

 (P-value) among groups 0.575 0.0001 

Significance (P<0.05) NS S 
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Figure 4: Mean NIP pre- and post-treatment within and among groups A, B and C. 
 

4- Pre- and Post-Sputum amount among groups A, B and C:  
 

The obtained results in this study revealed that there was significant improvement in the mean values 
of Sputum clearance amount  of all groups A,B and C (P value ; 0.0001) ,this improvement was higher in group 
C more than A and B ,see table (5) and figure (5) 

 
Table 5: Mean Sputum amount value among groups A, B and C. 

 

Items Sputum amount   

Group A 13.27 ±3.19 

Group B 20.00 ±6.26 

Group C 27.33 ±6.55 

F-value 24.09 

Level of significance (P-value) 0.0001 

Significance (P<0.05) S 

 

 
 

Figure 5: Mean Sputum amount value among groups A, B and C. 
 

DISCUSSION 
 
Medical ICUs are special areas where health professionals may properly and specifically care for this 

population of patients, including the good physiotherapy programs done to these patients, so increasing the 
chance of weaning from mechanical ventilation [11] 
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Patients receiving mechanical ventilation for a long time are frequently de-conditioned because of the 
adverse effects of medications, and a period of immobilization, weakness of the respiratory and limb muscles 
that further impairs their functional status and health-related quality of life [12]. 

 
The aims of any physiotherapy program in the ICU  is to apply advanced therapeutic modalities to 

decrease the patient’s dependency on ventilator, improve residual function, prevent the need for new 
hospitalizations and so improve the patient’s quality of life . 

 
Atelectasis is a common clinical problem in the intubated and ventilated patient and, if prolonged, 

may lead to hypoxemia, pulmonary infection and fibrosis. In addition, atelectasis lead to a progressive 
reduction in pulmonary compliance. Manual hyperinflation have been shown to improve both atelectasis and 
static pulmonary compliance [13] 

 
In addition, mechanical ventilation patients demonstrate a decrease in respiratory muscle endurance 

and risk of respiratory muscle fatigue. Inspiratory muscle training (IMT) is a procedure that targets the muscles 
of inspiration with the aim of increasing respiratory muscle power and endurance [14]. 

 
Our present investigation was studied the effect of adding of different physiotherapy modalities to 

chest physiotherapy for ICU patients with the hypothesis that there may be no effect of different 
physiotherapy modalities on oxygenation, respiratory muscle power and sputum clearance amount  for ICU 
patients . The results in the present investigation showed significant improvement in all study groups in 
Oxygenation (O2%,PaO2, and PaO2 / FiO2) ,respiratory muscles strength parameters (NIP) and sputum 
clearance amount, this improvement significantly increased when we added physiotherapy modalities to chest 
physiotherapy.  
 
Regarding to the effect of standards chest physiotherapy    

 
Few studies have investigated the benefits and efficacy of physiotherapeutic intervention for patients 

on mechanical ventilation, resulted in very large effect on oxygenation. The study made by Hodgson et al., [15] 
stated that when they  used chest physiotherapy on eighteen  ventilated patients, results revealed a high 
improvement oxygenation  in 90% of these patients,  our study revealed that  physiotherapy interventions  
improved  oxygen saturation of all study  groups, with  a tendency towards  more improvement  in group C 
more than group B and A because of adding more modalities in group C (hyperinflation and respiratory 
muscles training in addition to standards chest physiotherapy). 

 
The study done by Maa S et al., [16] to examine the potential benefits of physiotherapy in a group of 

intubated patients, had significant improvement in respiratory system capacity and oxygenation(PaO2 / 
FiO2)compared to the control groups. These results emphasized our result that showed the improvement in 
PaO2/FiO2 of all groups. 

 
In contrast to the above mentioned positive findings, the study done  by Paratz, and   Lipman , [17] 

established that when chest physiotherapy was performed to seven ventilated patients with septic and 
cardiogenic shock , oxygenation were recorded , the results showed that there were no changes in 
oxygenation parameters. This may be due to hemodynamic instability of these cases. In our study the careful 
selection of patients , and exclusion of unstable  patients excluded such effects on oxygenation parameters . 

 
Regarding to the effect of adding manual hyperinflation (MHI) to standards chest physiotherapy    
 

Jeffrey Lipman, 2002 [18] investigated the effects of MHI on the ratio of (PaO2 / FiO2) and the 
alveolar-arterial oxygen tension difference (A-a) PO2 in 100 medically stable mechanically ventilated subjects 
.results: After MHI there were significant improvements in PaO2 / FiO2and (A-a) PO2. The mean improvement 
for PaO2 / FiO2was approximately 17% and for (A-a) PO2was approximately 17% immediately post-
intervention. Their findings were similar to results of our study ,in our study we used MHI in addition to chest 
physiotherapy(group B )  in mechanically ventilated stable patients and resulted in great improvement in 
oxygenation (PaO2,SaO2% and PaO2/ FiO2) in all cases of group B and C more than group A when we add MHI. 
Percentage of improvement was increased in group B and C more than group A, For O2 % improvement was 
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0.93% , 1.28% , 2.05% respectively, for PaO2percentage of improvement was 4.1% , 12.13% , 22.91% 
respectively and for PaO2 / FiO2 percentage of improvement was 4.1% , 12.13% , 22.67% respectively. 
 

Stiller et al., 2004 [19] used 40 ventilated patient’s with acute lobar atelectasis and were taken chest 
physiotherapy regimens for treatment. Treatment was given was for six hours. After the intensive six-hour 
treatment period, the difference between the groups was marginally statistically significant.  
 

In our study we used MHI with  chest physiotherapy for ventilated patients and resulted in great 
increase in amount of sputum clearance by means 13.27 ±3.19 for group A, 20.00 ±2.26 for group B  and 27.33 
±6.55 for group C. 

 
In contrast to the abovementioned findings, an investigation done by ParatzLipman, 2006 [17] 

established that when MHI was applied to seven ventilated patients with cardiogenic shock and arterial blood 
gases were recorded, the results showed that there were no changes in PaO2/FiO2 this may be due to the 
instability of these cases. In our study we were selected the haemodynamics stable cases only, so our results 
was so better than that study. 
 
Regarding to the effect of adding respiratory muscle strength (IMT) to standards chest physiotherapy 

 
After treatment there was significant improvement in respiratory muscle power(NIP) in all groups A,B 

and C (P value ; 0.0001) , improvement percent was 6.44 % for group A ,then increased to 20.11% for group B 
due to adding of MHI  to chest physiotherapy, then increased to 33.86 % for group C due to adding of MHI and 
respiratory muscles training  to chest physiotherapy, These results go in hand with the randomized controlled 
study done by Martin AD et al, [20] to test whether inspiratory muscle training (IMT)  would improve weaning 
outcome in failure to wean (FTW) patients. Results revealed that a higher percent of improvement of 
respiratory muscles strength and weaning time  in IMT patients than of control group.  

 
The study done Bissett, B and leditscke, IA. [21] described the use of specific inspiratory muscle 

training to enhance weaning from mechanical ventilation in patients who had failed conventional weaning 
strategies. They concluded that respiratory muscle training can be implemented effectively in the difficult to 
wean patient and should be considered for patients who have failed conventional weaning strategies. 

 
On the other hand Notoumenopoulas  G et al. [22] carried out a study on 46 patients who were 

receiving mechanical ventilation after trauma and were randomly allocated to a group that received standard 
nursing care and chest physiotherapy, or standard nursing care alone. The outcome measurements included 
blood gas analysis, the incidence of nasocomial pneumonia, the number of days when mechanical ventilation 
was provided and the stay in the ICU. No statistical differences were found between the groups in the length 
of time when mechanical ventilation was provided (mean 6.1 days physiotherapy group 5.2 days control 
group), the length of stay in the ICU (mean 7.4 days physiotherapy group, 6.8 days control group) or the 
mortality rate (for both groups). This differs from our  study findings  mostly  due to that the patients of our 
study were subjected to chest physiotherapy treatment, so improvement done to both groups but higher and 
significant in the study group. 
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