
 
 
Bull. Egypt. Soc. Physiol. Sci. 29 (2) 2009                                              Ibrahim et al. 

 
109

Responses of Ventilatory Functions to Breathing Exercise 
versus Breathing Exercise with Chest Mobilizing Exercise 

in Elderly 
 

Mohamed Ibrahim, Uomna Kamel Mohamed* and Atta Akram Ibrahim 
Faculty of Physiotherapy, October 6th University 

*Faculty of Medicine, October 6th University 
 

ABSTRACT 
 
Ageing is a complex process involving many variables (e.g. genetics, lifestyle factors, 
chronic diseases) that interact with one another, greatly influencing the manner in 
which we age. The lungs of elderly persons are subjected to a life time of exposure to 
known and unknown harmful agents. The aim of this study was to investigate the 
responses of ventilatory functions to breathing exercise versus breathing exercise 
with chest mobilizing exercise in elderly. In this study, 30 elderly subjects were 
clinically examined & subjected to laboratory investigations, and then randomly 
divided into 2groups (A & B), where group “A” received diaphragmatic breathing 
exercise & incentive spirometer while group “B” received diaphragmatic breathing 
exercise, incentive spirometer & chest mobilizing exercise. The variables related to 
ventilatory functions Forced Vital Capacity (FVC), Forced Expiratory Volume at the 
1st second (FEV1) & Maximum voluntary ventilation (MVV) had been measured 
twice; 1st at the beginning of the program (pre-exercise) & 2nd after 8 weeks (post-
exercise). The results showed that the ventilatory functions reported statistical 
significant (p<0.0001) improvement at post-exercise within each group when 
compared with pre-exercise mean values. 

 
INTRODUCTION 

 
The process of ageing and 

senescence is associated with a 
decline in several organ functions, 
ultimately takes away independence 
and reduces quality of life. The 
impaired functional reserves of the 
immune, pulmonary & cardiovascular 
systems are considered the most 
important causes of increased 
hospitalization in the older 
population.(1) 

As ageing occurs, the respiratory 
system undergoes a measurable 
decline in its physiological function 

including thoracic cage stiffness 
which can be attributed to 
calcification of the costal cartilages 
and articulations between the 
vertebrae and ribs which results in 
increased kyphosis with increased 
work demand of the respiratory 
muscles and so increased breathing, 
while decrease in FEV1, FVC & VC 
and increased RV & increase in 
FRC.(2) 

Spirometric studies may be 
served as useful indicator for the 
purpose of anticipating and preventing 
complications of pulmonary 
impairment.(3) 
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Breathing exercises are used to 
improve respiratory muscle function, 
exercise performance & health related 
quality of life in aged patient.(4) 

Chest mobilization exercises are 
any exercises that combine active 
movements of the trunk or extremities 
with deep breathing.(5) 

Improvement in FVC is due to 
increasing the strength of respiratory 
muscles and decreasing the air way 
resistance.(6) 

Inspiratory muscle training will 
improve ventilatory limitation for 
patients with COPD of ≥80 years 
old.(7) 
 
SUBJECTS, MATERIALS & 

METHODS 
 
Subjects: 

30 elderly subjects of both sexes, 
their average age was between 65 – 80 
years old, their average body weight 
according to BMI ranges between 
22.1 – 24.9 kg/m2, all of them were 
clinically examined for chest diseases 
(e.g. Pulmonary embolism), 
cardiovascular diseases (e.g. Heart 
failure) and neurological diseases, in 
addition, all of them were subjected to 
laboratory investigations (i.e. CBC, 
sGOT, sGPT, sCreatinine, FBS, 
PPBS, sCholesterol “Total, HDL & 
LDL” and Triglycerides) and they 
were also subjected to ECG & Echo 
Cardio Gram) to be sure that they 
were free from any medical problems 
(that may interfere with their 
performance),non smokers & mentally 
alert. 
Materials: 
a) For evaluation: 

1- “Weight and height scale” to 
calculate the BMI, as: 

 BMI = weight (Kg) / height (m2). 

2- “Discovery hand held 
computerized spirometer” to 
measure FVC, FEV1 & MVV 
before & after performing the 
procedures of the study. 

b) For treatment: 
1- “Incentive spirometer (IS)”, 

Triflow II type RESPI 
PROGRAM. 

2- “Stop watch” to calculate the time 
of exercise. 

Methods: 
a) Evaluation procedures: 

Subjects were medically 
examined and data were collected and 
recorded in sheets for each subject 
(i.e. name, age, weight & height). 

Computerized spirometer was 
used for each subject to record the 
initial FVC, FEV1 & MVV. 
I- Procedures to measure FVC: 

1.Let the subject to be in a sitting 
position. 

2.The subject was told to close his 
lips firmly around the new mouth 
piece that was given to him. 

3.Pressing the “FVC push” button. 
4.The subject was asked to fill his 

lungs with air slowly & 
completely, and then exhale it as 
quickly & completely as possible 
through the mouth piece. 

N.B. Let the subject use a nasal clip to 
make sure that there is no air escapes 
from the nose. 
II- Procedures to measure FEV1: 

1.Follow the same steps in 1 & 2 
(as FVC). 

2.Pressing “FEV1 push” button. 
3.The subject was asked to take 

normal quite breath, and then 
blow it hard &fast as much as 
possible through the mouth piece. 

N.B. This was repeated for 3times & 
then the average was taken. 
III- Procedures to measure MVV: 
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1.Follow the same steps in 1 & 2 
(as FVC). 

2.Pressing “MVV push” button. 
3.The subject was asked to inhale 

& exhale as quickly as possible 
(as the person would 
hyperventilate for 12 sec). 

N.B. The test was done in a well 
lightened & properly ventilated room 
(i.e. without air drafts). 
b) Therapeutic procedures: 

The participants were randomly 
assigned into 2 equal groups:  
Group (A): 

15 elderly subjects who received 
the breathing exercises program which 
consisted of: 
1) Diaphragmatic breathing exercise 
(15 min): 
 The subject was sat in a long sitting 

position in bed with head & trunk 
supported comfortably & elevated 
about 45°; both knees were slightly 
flexed & supported by pillow & the 
abdominal muscles remained 
relaxed. 

 The therapist's hand was put on the 
upper part of rectus abdominis. 

 The subject was asked to breathe in 
through his nose slowly & deeply 
while keeping his shoulders relaxed 
and the upper chest quiet & 
allowing his abdomen to rise. 

 The subject was instructed to get all 
the air out from his mouth as much 
as possible. 

N.B. That was done 3 times then rest 
for 30 sec and was repeated for 15 
min/session. 
2) Incentive spirometer (15 min): 
 The subject was placed in a 

comfortable position. 
 The subject was asked to hold the 

spirometery by one hand and the 
tube of mouthpiece by the other 
hand. 

 He was asked to take 3-4 slow 
easy breaths. 

 He was asked to maximally 
exhale with the 4th breath. 

 The subject was asked to place 
the incentive spirometer in his 
mouth and maximally inhale 
through the spirometery and hold 
the inspiration for several sec and 
then rest for 60 sec. 

N.B. That was repeated for 15 min. 
Group (B): 

15 elderly subjects who received 
the breathing exercises program which 
consisted of: 
1) Diaphragmatic breathing exercise 
(10 min). 
2) Incentive spirometer (10 min). 
3) Chest mobilizing exercise (10 min): 
-- To mobilize the upper chest & 
stretch the pictoralis muscles: 
 The subject was asked to sit on an 

armed chair with his hands clasped 
behind his head. 

 Then he abducted his arms during 
inspiration. 

 Then he brought his elbows 
together & then bent them forward 
during expiration. 

N.B. That was repeated 3-4 times then 
rest for 60 sec. 
-- To increase expiration during deep 
breathing: 
 The subject was asked to breath in 

while he was sitting in a "hooked 
lying position" (i.e. hips & knees 
are slightly flexed). 

 He was instructed to pull both knees 
to the chest (one at a time to protect 
his low back) during expiration. 

 That pushed the abdominal contents 
superiorly into the diaphragm to 
assist with expiration. 

N.B. That was repeated 3-4 times. 
The whole program was performed 
for each group 3times/week for 8 
weeks.
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RESULTS 
 
Table (1): Demographic characteristics of both groups: 

Variables 
Age (years) BMI (Kg/m2) 

Gr (A) Gr (B) Gr (A) Gr (B) 
X 73.47 73.40 23.55 23.43 

SD± 4.91± 5.12± 1.11± 0.97± 
MD 0.07 0.13 

T - value 0.047 0.334 
P - value 0.963 (P > 0.05) 0.741 (P > 0.05) 

Significance NS NS 
 

 
Table (2): Comparison between the mean values of ventilatory functions at pre & 
post exercises for each group (A & B): 

Ventilatory  functions 
Variables 

X±SD MD T-value P-value Sign. 
% of 

changes 

FVC 
(Liters) 

Gr. A 

Pre-
exercise 

1.105 
±0.077 

-0.245 6.216 

0.0001 
(P<0.05) 

S 

22.20% 
Post-

exercise 
1.350 

±0.107 

Gr. B 

Pre-
exercise 

1.103 
±0.077 

-0.365 12.192 33.12% 
Post-

exercise 
1.469 

±0.074 

FEV1 

(Liters) 

Gr. A 

Pre-
exercise 

1.390 
±0.213 

-0.223 7.275 

0.0001 
(P<0.05) 

S 

16.06% 
Post-

exercise 
1.613 

±0.166 

Gr. B 

Pre-
exercise 

1.357 
±0.222 

-0.289 6.093 21.27% 
Post-

exercise 
1.646 

±0.122 

MVV 
(Liters/

min) 

Gr. A 

Pre-
exercise 

43.410 
±1.383 

-6.554 11.447 

0.0001 
(P<0.05) 

S 

15.10% 
Post-

exercise 
49.964 
±3.114 

Gr. B 

Pre-
exercise 

43.967 
±1.350 

-10.509 8.410 23.90% 
Post-

exercise 
54.475 
±5.394 
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Table (3): Comparative analysis of the mean values of ventilatory functions between 
both groups (A & B) at pre & post exercises: 

 

Ventilatory  functions 
Variables 

X±SD MD T-value P-value Sign. 

FVC 
(Liters) 

Pre-
exercise 

Gr. A 
1.105 

±0.077 
0.002 0.071 

0.94 
(p>0.05) 

NS 
Gr. B 

1.103 
±0.077 

Post-
exercise 

Gr. A 
1.363 

±0.099 
-0.106 3.333 

0.002 
(p<0.05) 

S 
Gr. B 

1.469 
±0.074 

FEV1 

(Liters) 

Pre-
exercise 

Gr. A 
1.390 

±0.213 
0.033 0.411 

0.68 
(P>0.05) 

NS 
Gr. B 

1.357 
±0.222 

Post-
exercise 

Gr. A 
1.613 

±0.166 
-0.033 0.684 

0.54 
(P>0.05) 

NS 
Gr. B 

1.646 
±0.122 

MVV 
(Liters/

min) 

Pre-
exercise 

Gr. A 
43.410 
±1.383 

-0.557 1.116 
0.27 

(P>0.05) 
NS 

Gr. B 
43.967 
±1.350 

Post-
exercise 

Gr. A 
49.964 
±3.114 

-4.505 2.799 
0.009 

(P<0.05) 
S 

Gr. B 
54.469 
±5.399 

X = Mean  
SD = Standard deviation  
MD = Mean difference  
T value = Paired T value  
P value = Probability value 
Min = Minute 
Sign. = Significance 
S = Significant 
NS = Non Significant 
Gr. = Group 
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DISCUSSION 
 

The evaluation of ventilatory 
functions was made with Futuremed 
Discovery Spirometer which allows 
easy, sensitive and rapid calculation of 
FVC, FEV1 & MVV. These 
measurements were recorded for each 
subject at both groups twice, 1st one 
was before the program &the 2nd one 
was at the end of the 8th week.   

Aaron et al., 1999 used 
spirometer to analyze ventilatory 
functions in pulmonary impairment 
conditions.(8) 

Considering to previous concepts 
Balatopoulos et al., 2000 used 
spirometry to detect FVC, FEV1 & 
MVV for elderly.(9) 

According to Youn et al., 2001 
that used spirometry as the main 
technique currently used to detect 
altered ventilatory functions in 
elderly.(10) 

Ali, H. et al., 2007 used 
spirometry to detect FVC & FEV1 for 
30 moderate asthmatic patients. Also, 
El-Sayed et al., 2007 used spirometry 
to study the relation of ventilatory 
function to different classes of obese 
women.(11) 

All participants were assigned 
into 2 equal studied groups: "group A" 
had performed diaphragmatic 
breathing exercise and incentive 
spirometer exercise, while "group B" 
had performed diaphragmatic 
breathing exercise, incentive 
spirometer exercise and chest 
mobilizing exercise. 

The present study demonstrated 
that elderly subject tends to make a 
significant decrease in FVC, FEV1 & 
MVV after the age of 65 years. 

Many elderly subjects are at risk 
of respiratory failure due to effect of 
age on their ventilatory system and the 
deterious effects of toxins & 
respiratory diseases.(12) 

These findings were agreed with 
that reported by John & Jay, 2000 
who found a significant reduction in 
FVC, FEV1 & MVV with aging.(13) 

 So due to the changes in the 
chest wall & lungs with aging; there is 
a progressive decrease in the vital 
capacity and an increase in the 
residual volume.(14) 

The result of this study showed 
that: "group A" at  the pre-exercise 
showed the mean of ventilatory 
functions as the following; FVC was 
1.105 L, FEV1 was 1.390 L and MVV 
was 43.410, while after 8 weeks they 
became 1.350L, 1.613 L  & 49.964 L 
respectively with improved 
percentage of 22.20%, 16.06% & 
15.10% respectively. 

The combination of incentive 
spirometer & deep breathing exercise 
were used at 1996 by Hall et al., as a 
prophylaxis against respiratory 
deterioration after abdominal 
surgery.(15) 

At the same point Kurabayashi, 
1998 stated that the breathing 
exercises can improve ventilatory 
functions and blood gas exchange in 
patients over 80 years with chronic 
obstructive pulmonary disease.(16) 

Weiner et al., 1999 concluded a 
significant increase in FVC & FEV1 
by diaphragmatic breathing 
exercise.(17) 

The improvement of ventilatory 
functions after breathing exercise in 
elderly may result from correction in 
efficiency of abnormal breathing 
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pattern and strengthening of 
diaphragm (George et al., 2000), or 
due to facilitation of deep breathing or 
enhancement of chest expansion 
according to Weiner et al., 1999.(18, 17) 

The current results were 
supported by George et al., 2000 who 
stated that diaphragmatic breathing 
exercise is a maneuver to increase 
tidal volume & ventilatory 
functions.(18) 

The results of ventilatory 
functions showed significant 
improvement after the study program 
that agree with outcome of the 
research findings of Mahmoud et al., 
2002 who experienced a significant 
improvement in ventilatory function 
tests after six weeks of physical 
training in the form of diaphragmatic 
breathing exercise,  incentive 
spirometer, gait training & upper limb 
exercise associated with respiration.(6) 

While for "group B" the  pre-
exercise showed the mean of 
ventilatory functions as the following; 
FVC was 1.103 L, FEV1 was 1.357 L 
and MVV was 43.967, while after 8 
weeks they became 1.469 L, 1.646 L  
& 54.475 L respectively with highly 
significant improved percentage of 
33.12%, 21.27% & 23.90% 
respectively. 

A significant increase in FEV1 & 
MVV in elderly subjects was 
observed. This could be due to 
strengthening of respiratory muscles 
and improvement in elastic properties 
of the lungs & chest incidental to 
regular practice of forced breathing, 
similar ventilatory training even in 
subjects with chronic obstructive 
pulmonary diseases  have been shown 
to improve these ventilatory functions 
of the lungs.(19) 

Merk, 2001 mentioned that MVV 
is important because it reflects the 
severity of airway obstruction as well 
as the patient's respiratory reserves, 
muscle strength & motivation.(20) 

The current results were 
supported by Mckeough (B) et al., 
2003 who stated that when the arms 
are elevated above 90°, some muscles 
as Pectoralis will expand the rib cage 
by passive stretching, where as others, 
such as Serratus anterior will do so by 
active contraction.(21) 

Plekonen et al., 2003 claimed that 
improvement of maximum voluntary 
ventilation may be referred to increase 
in inspiratory & expiratory muscles 
power and endurance capabilities as 
well as improved compliance of the 
lung-thorax system and so the ability 
of respiratory muscles to contract & 
relax rapidly and deeply is 
enhanced.(22) 

Concerning sex in relation to the 
ventilatory functions, there was no 
significant difference between female 
& male in both groups. 

Also Iskander et al., 2003 who 
proved that there was no significant 
difference between female & male in 
the results of pre- & post- courses of 
exercise for FVC, FEV1 & MVV 
when applying breathing exercises on 
elderly subjects.(23) 

Abd Al-Aal et al., 2006 who 
proved that there was non significant 
correlation between sex & percentage 
of improvement when the ventilatory 
function responses were studied to 
support the versus unsupported arm 
exercise among elderly.(24) 

The results were inconsistent with 
Iskander et al., 2003 who proved that 
there was a significant difference in 
maximum voluntary ventilation in 
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pre- & post- course of breathing 
exercise towards males.(23) 
Conclusion: 

The result of the current study 
confirmed that diaphragmatic 
breathing exercise, incentive 
spirometer and chest mobilizing 
exercise produce significant and 
remarkable benefits on ventilatory 
functions, specially FVC & MVV in 
elderly subjects. 
Recommendation: 

It was recommended by the 
physical therapist to follow the 
diaphragmatic breathing exercise, 
incentive spirometer and chest 
mobilizing exercise for the elderly 
subjects to improve the ventilatory 
functions. 
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دراسة استجابة وظائف التنفس لتمرينات التنفس مقارنة بتمرينات التنفس و 
  تحريك الصدر فى كبار السن

  
  عطا أكرم ابراھيم -* يمنى كامل محمد –محمد ابراھيم 

 أكتوبر ٦كلية العلاج الطبيعى بجامعة  –أمراض مسنين 
  أكتوبر ٦كلية الطب البشرى بجامعة  –باطنة * 

  
ا يختص ’ لية معقدة فى حد ذاتھا تعتبر الشيخوخة عم فھى تشمل عدة جوانب منھا ما يتعلق بالجينات ومنھا م

ؤثر ’ بأسلوب الحياة وعواملھا ذلك الى جانب الأمراض المزمنة  بعض و ت كل ھذه العوامل تتفاعل مع بعضھا ال
د تعرضت ’ بشكل كبير على حدة أعراض الشيخوخة  ى مدى العمر ان الرئة عند الأشخاص المسنين تكون ق عل

ر معروف(لكثير من العوامل المؤذية  ا الغي ة فى ) منھا المعروف ومنھ د يسبب اعاق ا ق ا مم رك اثارھ ى تت و الت
  .الوظائف الحياتية

از التنفسى  ٣٠فى ھذه الدراسة  ى الجھ م عل ة لھ م عمل فحوصات اكلينيكي از ’ شخص مسن ت القلب و الجھ
ة بالاضافة الى خضوعھم لكافة ا’ العصبى  لفحوصات و الاختبارات التى تؤكد أنھم لا يعانون من أى مشاكل طبي

ة ’ التى قد تتداخل مع أدائھم الوظيفى  انون من أى مشاكل عقلي دخنين ولا يع ر م م غي ى أنھ ا أن ’ بالاضافة ال كم
م تقس. ٢م�كجم ٢٤.٩ – ٢٢.١سنة و متوسط أوزانھم ما بين  ٨٠ – ٦٥أعمارھم تتراوح ما بين ال  د ت يمھم ولق

اويتين ى : عشوائيا الى مجموعتين متس نفس الحجاب الحاجز و ) أ(المجموعة الأول ات ت ا تمرين تلقى كل أفرادھ
ة ’ جھاز الحافز التنفسى  راد المجموعة الثاني افز ) ب(بينما تلقى أف از الح نفس الحجاب الحاجز و جھ ات ت تمرين

  . التنفسى و تمرينات تحريك الصدر
المدى ( قياسات وظائف التنفس ’ الوزن ’ السن : وقد تم تدوين كل البيانات  اللازمة فى بداية البرنامج وھى 

وى القصرى  ة ’ الحي ى أول ثاني رى القصرى ف م الزفي ة القصوى’ الحج ة الارادي ل ) التھوي ھا قب م قياس ى ت الت
  . ع من بداية البرنامجأسابي ٨وقد تم تدوينھا مرة أخرى بعد التمارين بعد ’ التمارين 

  :بالنسبة للنتائجالتى تم الحصول عليھا فھى كالاتى
  .السن و متوسط الأوزان  لم توجد فروق تذكر بين المجموعتين -
نفس  - ائف الت ى وظ ن ف بة التحس وى القصرى (نس دى الحي ة ’ الم ى أول ثاني رى القصرى ف م الزفي ’ الحج

على التوالى بينما فى %) ١٥.١٠’ %  ١٦.٠٦’ % ٢٢.٢٠(كانت ) أ(فى المجموعة ) التھوية الارادية القصوى
  .على التوالى%)  ٢٣.٩٠’ %  ٢١.٢٧’ %  ٣٣.١٢(كانت ) ب(المجموعة 

نفس  - ائف الت ى وظ بة التحسن ف ة القصوى(نس ة الارادي وى القصرى و التھوي دى الحي كل ) الم نتا بش تحس
  ).أ(لتمارين فى المجموعة مقارنة بما بعد ا) ب(ملحوظ بعد التمارين فى مجموعة 

نفس  - ة(نسبة التحسن فى وظائف الت رى القصرى فى أول ثاني د ) الحجم الزفي م تتحسن بشكل ملحوظ بع ل
  ).أ(مقارنة بما بعد التمارين فى المجموعة ) ب(التمارين فى مجموعة 

اجز  نفس الحجاب الح ات ت د أن تمرين ة تؤك ذه الدراس را ھ افز التنفسى و ’وأخي از الح ك جھ ات تحري تمرين
نفس  ائف الت ى وظ وظ عل ابى ملح أثير ايج ة القصوى(الصدر ذات ت ة الارادي وى القصرى و التھوي ى ) الحي ف

 .الأشخاص كبار السن
 


