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Abstract:
Several types of devices are used to perform spirometric tests based on the measurement of
lung volumes and their subdivisions. Lung volumes, hence, are represented by the volume of
expired air. There was a controversy about the difference between body and ambient
temperatures which may extremely affect gas volume. The aim of this cross sectional study is
to construct and evaluate a simple device called expiratory gas mass device as a reliable,
reproducible, accurate and convenient tool to substitute Vitalograph spirometer as a measure
of lung function in healthy Iraqi subjects.
Forced expiratory maneuver is done by(300) healthy Iraqi subject aged (20-50)years old
146 male and 154 female through the standardized spirometer and then through the newly
constructed gas mass device. The accuracy (systematic error) and reproducibility (random
error) were tested for the constructed gas mass device .
The results revealed that there were no significant differences in values of FVC and AGM
measured by standard Vitalograph spirometer and gas mass device respectively between male
and female .Regression lines indicated that there were strong positive correlations between
gas mass (GM) and FVC in male and female.
It is concluded that gas mass device is simple, portable and easily handled device. It is also
reproducible and accurate device for the measurement of GM in normal subjects.
Key words: Gas mass device, AGM, FVC and spirometers.

تقييم جهاز كتلة غاز السفير كىسيلة لفحص وظائف الرئتين عند العراقيين األصحاء
**ٍٚٔ باسى يخعب ْاد٘ ص.د
*ساس يحًذ حسٍ انشًاعٚ .د
ٍ٘ٔ عبذ انسادِ انحسُاَٛبشاط حس
 خايعت انكٕفت,ت انطبٛ كه,تٛ انفسهدت انطبٙ دكخٕساِ ف,*أسخار
تٛاٌ نهعهٕو انطبٛ خايعت خابش بٍ ح,ت انطبٛ كه,تٛ انفسهدت انطبٙ دكخٕساِ ف,**أسخار
 خايعت انكٕفت,ذنتٛت انصٛ كه,ذنتٕٛط صٚ***بكانٕس
:الخالصة
ٍٙ ٔأخضاءْا ٔانخٛاساث حدٕو انشئخٍٛ حعخًذ عهٗ قٛذ يٍ األخٓضة نغشض فحص ٔظائف انشئخٚنقذ أسخخذيج انعذ
ؤثشٚ ًٌكٍ أٚ ٘ ٔانزٙط انخاسخٍٛ دسخت حشاسة اندسى ٔانًحٛ ٔداس خذل حٕل األخخالف ب.٘شٛ حدى انغاص انضفٙحخًثم ف
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)شٛسًٗ (خٓاص كخهت غاص انضفٚ طٛى خٓاص بسٛٛع ٔحقُٛت حصٛ انٓذف يٍ ْزِ انذساست انًقطع.ش عهٗ حدى انغاصٛبشكم كب
ٍ األصحاء بذالً عٍ خٓاص فحص كفاءةٍٛٛ نذٖ انعشاقٛقت ٔيالئًت نفحص ٔظائف انشئخٛهت يعخًذة ٔقابهت نهخكشاس ٔدقٛكٕس
.)خانٕغشافٚ (فاٙاسٍٛ انقٛانشئخ
ٔ  شخصا يٍ انزكٕس141 ) سُت13-03( ٍٍٛ حخشأذ اعًاسْى يابٍٚ االصحاء انزٛٛ) شخصا ً يٍ انعشاق033( ٖأخش
٘شٛ ثى خالل خٓاص كخهت انغاص انضفٙاسٍٛ انقٛش انقسش٘ خالل خٓاص فحص كفاءة انشئخٛ يٍ االَاد يُأسة انضف114
.) نهدٓاص انًصُعٙت انخكشاس (انخطأ انعشٕائٛ) ٔقابهٙ ٔقذ حى فحص انذقت (انخطا انًُٓد.انًصُع
ٔقذ. انزكٕس ٔ اإلَادٙ) نذٖ يدًٕعخAGM( ) ٔكخهت انغاص انًعذنتFVC( تٚت انقسشٍٕٚٛ انسعت انحٛحًج انًقاسَت ب
خانٕغشاف ٔخٓاص كخهتٛ خٓاص فٙ) انًقاست فAGM(ٔ (FVC( ىٛ قٙت فُٕٕٚخذ ُْاك إخخالفاث يعٚأظٓشث انُخائح أَّ ال
.) نذٖ انزكٕس ٔاإلَادFVC(ٔ )GM ) ٍُٛج خطٕط اإلَحذاس بأٌ ُْاك إسحباط طشد٘ قٕ٘ بٛ ب.ٙش عهٗ انخٕانٛغاص انضف
ق ٔقابمٛط ٔسٓم انحًم ٔانُقم كًا أَّ دقٛش ْٕ خٓاص بسًٛكٍ اإلسخُخاج أٌ خٓاص كخهت غاص انضفٚ حسب َخائح انذساست
.اط كخهت انغاص عُذ األصحاءٛنهخكشاس نق
Introduction:
Lung function tests are very useful
diagnostic, follow up and research
measures for healthy and respiratory
compromised subjects (1 - 4). The simplest,
yet the most informative, lung function
tests are the spirometric tests (5 - 7) .They
involve the forced vital capacity (FVC),
the forced expiratory volume in first one
second (FEV1) and the forced expiratory
volume ratio (FEV%) (8-11). Several types
of devices are used to perform spirometric
tests (12,13) based on the measurement of
lung volumes and their subdivisions. Lung
volumes, hence, are represented by the
volume of expired air. There was a
controversy about the difference between
body and ambient temperatures which may
extremely affect gas volume , but this is
thought to be solved by temperature
correction (14,15). Temperature correction,
however, may not be the precise solution
in extremely fluctuating environmental
temperatures. A fixed amount of expired
gas has a constant mass despite the
changes in pressure or volume as is
implied by the law of conservation of mass
in a closed system by Antoine Lavoisier
(16)
.In present research, new trends to adopt
the expired gas mass as new simple
method to test lung function. The notion is
simply benefitting and rearranging the
general gas formula as follows(17,18) :
PV = nRT,
But n = m/MW
So, PV = mRT/MW
Where:

P

is the partial pressure of gas
V is its volume
n
is its number of moles and
m
is the gas mass
MW is its molecular weight
R
is the gas constant
T
is the temperature in Kelvin
Hence, when other factors are constant, gas
volume is directly proportional to its mass.
Vαm
Expired gas mass is simply measured with
a sensitive balance inside the gas mass
device which is locally constructed.Present
research targets at testing the hypothesis
that the expired gas mass (EGM) could
significantly and acceptably alternate or
conjugate the forced vital capacity (FVC)
as a measures of lung function in healthy
subjects.
Materials and Methods:
Measurements of forced vital capacity
(FVC) and the expired gas mass (GM)
were done for a total number of 300
healthy subjects (146 males and 154
females) aged 20-50 years (31.84 ± 9.28
years). Their heights being, collectively,
ranging from 147 to 197 cm (166.54 ±
10.98 cm) and their weights ranging from
55 to 102 kg (72.38 ± 9.19 kg). They were
randomly chosen from the general
population (they were teachers, medical
staff, university students…etc). Subjects
with abnormal lung function such as
smokers and subjects with respiratory
diseases were excluded. The participants
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were classified according to gender into
two groups, Group A: 146 male age range
20-50 years, (30.71 ± 8.26 years), height
(176.78 ± 5.17 cm) , weight (80.09 ± 6.04
kg) and Group B: 154 female age range
20-50 years, (32.90 ± 10.04 years), height
(158.12 ± 6.09 cm), weight (64.65 ± 6.45
kg). A well calibrated automatic height and
weight measuring device was used which
is the Digital Height and Weight Scale
made by Jookoo Co. Ltd, Tokyo, Japan,
which precisely measures the height (in
centimeters) and weight (in kilograms).
A wedge bellows spirometer is used to
record the measured FVC values(19). It is
the standardized Vitalograph spirometer
manufactured by Vitalograph Medical
Instrumentation Co. Ltd, Buckingham,
England. Spirometric measurements were
done in sitting position after a period of
resting time to achieve the steady state
which means that the heart rate in
consecutive minutes is changing by less
than 3 beats per minute(19) .With a clipped
nose, the subject is instructed to inspire
forcefully as much as possible and then to
blow out through the fully and tightly
encircled mouthpiece of spirometer as
forceful and as quick as possible until no
more air can be blown from the lungs. This
is the right forceful expiratory maneuver.
which is allowed to be done in three trials
with the best result to be recorded(20).
The same forceful expiratory maneuver is
repeated with the use of the gas mass
device which is newly constructed. It is
composed of mouthpiece which is attached
to an inflatable valve gated balloon
through a flexible hose. The mass of
expired gas is measured with the use of a
well isolated three digits sensitive balance
(0.000) type KERN PLE-N version 2.0
02/2009 GB produced in Germany by
KERN & Sohn GmbH. After 5 minutes of
rest, the same forceful expiratory
maneuver is done with the use of the gas
mass device to record the of expired gas
mass (GM). The maneuver, here, is
repeated two times only (for the sake of
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determination of device reproducibility).
Sensitivity, accuracy and reproducibility of
gas mass device are evaluated with the
utilization of several statistical measures.
Systematic errors have been calculated for
comparisons between FVC and adjusted
gas mass (AGM) values(21). Random errors
have been calculated for duplicate records
of GM. Paired differences between each
two readings and 95% tolerance limit are
calculated. For the sake of some graphical
comparisons, gas masses were adjusted to
volumes with the use of a statistically
obtained conversion equation. The
equation had been obtained from the
simple regression analysis of GM on FVC
in the whole population.Mean ± SD are
calculated for all parameters in the whole
research population. Student's t-test is
employed to compare the means of some
couples of parameters. Correlation
coefficients are extracted between some
other couples. Regression lines are drawn
and linked to their yielding equations.
Statistical
decisions
are
regarded
significant when (p) values are less than
0.05.(22)
Results:
To evaluate the accuracy and
reproducibility of gas mass device for the
measurement of gas mass (GM), several
statistical analyses were done:
Determination of systematic error: In
order to determine the systematic error
(accuracy) of gas mass device, a
comparison was held between adjusted gas
mass (AGM) measured by gas mass device
and forced vital capacity (FVC) measured
by the standard Vitalograph spirometer in
the total population at a steady state.The
AGM is calculated by application of an
equation derived from simple regression
analysis of GM on FVC in the whole study
population as follows:
y = 0.34 x + 0.9405 ……. (Figure: 1-1)
x = (y – 0.9405)/0.34 ….. So; AGM =
(GM – 0.9405)/0.34
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The results revealed that there were no
significant differences in values of
adjusted gas mass (AGM) and forced vital
capacity (FVC) measured by gas mass
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device and standard Vitalograph
spirometer respectively . (Table: 1-1,
Figure : 1-2).

Figure (1-1): Regression of gas mass (GM) on forced vital capacity (FVC) in total study
population of healthy Iraqi subjects
Table 1-1: Evaluation of gas mass device (systematic error)
Total
population

300

Vitalograph: forced vital Gas mass device:
capacity (FVC)L
adjusted gas mass p-value
(M±SD)
(AGM)L (M±SD)
3.72±0.847

3.72±0.87

N.S.

N.S. : not significant
M±SD: mean ± standard deviation

Figure (1-2): Comparison between forced vital capacity (FVC) and adjusted gas mass (AGM)
in the total population of healthy Iraqi subjects.
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differences. The calculation of 95%
tolerance limit of the system was made by
the
equation:
2SD/Mean×100% (22)
Tolerance limit was found to be 4.262 for
gas mass ,which indicated that the gas
mass device is a reproducible device .
furthermore it is simple, portable and easy
to be used by the patients (Table 1-2).

Determination of random error:
In order to determine the random error
(reproducibility or repeatability) of gas
mass device ; a duplicate estimate of gas
mass was made on 300 normal healthy
subjects then the differences of paired
estimate were determined. The result of
this evaluation revealed that there was no
significant difference in mean of paired

Table (1-2): Evaluation of Gas Mass Device (Random error)
Parameter

No.

Mean ± SD of 95%
Mean ± SD (1st Mean ± SD
paired
tolerance
reading)
(2nd reading)
differences
limit

P-value

GM

300

2.2054±0.296

N.S.

2.2192±0.301

0.013±0.047

4.262 %

N.S. = not significant
M±SD: mean ± standard deviation
1-Group A (total male): which included
146 male aged (20-50) years, the result
revealed that there was no significant
difference between FVC and AGM.
2- Group B (total female): which
included 154 female aged (20-50) years,
the result revealed that there was no
significant difference between FVC and
AGM .

Comparisons between forced vital
capacity (FVC) and adjusted gas mass
(AGM) in both male and female of
healthy Iraqi subjects:
The comparison between FVC and
AGM was made on two main groups , the
male group and female group: as shown in
(table :1-3 , figures: 1-3 ,1-4).

Table (1-3): Comparison between forced vital capacity (FVC) and adjusted gas mass (AGM)
in both male and female of healthy Iraqi subjects
No.of
subjects

FVC(L)
Mean ± SD

AGM (L)
Mean ± SD

p-value

Group A(Total male)

146 male

4.353 ± 0.688

4.341±0.647

N.S.

Group B(Total female)

154female

3.120 ± 0.457

3.132±0.606

Group

N.S. = not significant

M±SD: mean ± standard deviatio
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Figure (1-3): Comparison between forced vital capacity (FVC) and adjusted gas mass (AGM)
in total male group of healthy Iraqi subjects.

Figure (1-4): Comparison between forced vital capacity (FVC) and adjusted gas mass (AGM)
in total female group of healthy Iraqi subjects
GM and FVC in the total study population
,male and female, r =0.973, 0.987 , 0.922
respectively as shown in figure (1-1,1-5
and 1-6).

Regression lines of gas mass (GM) on
forced vital capacity (FVC) in the study
groups: In all of the regression lines, there
were strong positive correlations between
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Figure (1-5): Regression of gas mass(GM) on forced vital capacity(FVC) in total male group
of healthy Iraqi subjects (Solid line is the regression line)

Figure (1-6): Regression of gas mass(GM) on forced vital capacity(FVC) in total female
group of healthy Iraqi subjects (Solid line is the regression line)
Discussion:
The evaluation of gas mass device
which was carried out by comparison with
the standard technique for measurement of
lung function test, the Vitalograph,
revealed that there were no significant
differences in values of AGM measured by
gas mass device and FVC measured by
standard Vitalograph spirometer as shown
in figure (1-2).Moreover, In all of the
regression lines, there were strong positive
correlations between GM and FVC as
shown in figures (1-1, 1-5 and 1-6). These
results indicated that gas mass device is an
accurate device for the measurement of
lung function. Such type of evaluation has

been made by other researchers for some
newly introduced devices such as AlShamma and Al Zubaidy(23) , Al-Shamma
and Al Mudhafer(24) , Al-Shamma et al.(25),
Al-shamma et al.(26).
The random error which tests the
reproducibility of gas mass device was
made by taking the differences between
pairs of estimates of GM in consecutive
measurements in gas mass device at steady
state. Thus, the standard deviation of the
differences between the pairs of estimates
gives a measure of the errors of the gas
mass device and would not be greatly
101
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influenced by variation of lung function
test Hainsworth and Al-shamma (27) .
The 95% tolerance limit of GM is 4.262
%. This result seems to be better than other
reports measuring lung function test when
95% tolerance limit of FVC was 5.74%
Al-Shamma and Al Zubaidy(23) , and near
to other reports measuring lung function
test when 95% tolerance limit of FVC was
3.25% and 3.22% Al-Shamma et al.(25) and
Al-shamma
et
al.(26)
respectively.Therefore, gas mass device is
simple, portable and easily handled device.
It is also reproducible and accurate device
for the measurement of GM in normal
subjects.
For the best of available literature
search, there are no previous researches
that measure the expiratory gas mass as a
test of lung function(28).Accordingly,
present results are not compared with
previous similar researches. Instead, some
explanations for these results are
discussed.
In figures (1-3 and 1-4) there were no
significant differences between FVC and
AGM values for both groups. so we can
conclude that, the expiratory gas mass may
be of benefit as a measure of lung function
testing instead of (or in conjugation with)
FVC because that a fixed amount of
expired gas has a constant mass despite the
changes in pressure or volume as is
implied by the law of conservation of mass
in a closed system by Antoine Lavoisier. In
the other hand, gas mass is constant despite
the changes in temperature from body to
ambient environments(29).
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