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Lung Vital Capacity of Choir Singers and Nonsingers:

A Comparative Study

*Abyan Irzaldy, †Sundari Indah Wiyasihati, and †Bambang Purwanto, *ySurabaya, Indonesia

Summary: Objectives. The popularity of choir singing among Indonesian university students as an extracurricular
activity has increased in the last few years. Choir singers use physiology principles especially respiration roles in the
voice production process. This research aims to determine the lung vital capacity difference between singers and
nonsingers.
Methods. This is a cross-sectional study which uses primary data collected from spirograms of 20 university students.
Half of the students were Airlangga University choir singers, and the other half were students who are not members of
the choir. The spirometry tests were performed to obtain inspiratory capacity, vital capacity, and forced vital capacity of
both groups.
Results. The average lung vital capacity of choir singers was higher (3.12 L) than that of the nonsingers (2.73 L). The
average inspiratory capacity of the singer group was 1.79 L, and the average inspiratory capacity of the nonsinger group
was 1.71 L. The lung vital capacity difference between singers and nonsingers group was statistically significant
(P¼ 0.02). There was no significant inspiratory capacity difference between singers and nonsingers group in this study
(P ¼ 0.611). The forced vital capacity measurement showed a significant difference (P ¼ 0.01) between singers
(75.28%) and nonsingers (68.14%).
Conclusion. It can be understood that the increasing vital capacity in choir singers is most likely from the expiration
phase of the respiration. Further studies need to be conducted to confirm the causes of the increasing vital capacity in
singers.
Key Words: Vital capacity–Inspiratory capacity–Choir–Singer–Spirometry.

INTRODUCTION

Choir is the oldest type of musical group in the world. Before
the invention of musical instruments, people used human voice
as a way to perform music collectively. The variation of fre-
quencies of human voice enables people to sing collectively
in different frequencies. The role of respiration in producing hu-
man voice is pivotal. Airflow is needed to vibrate the vocal
folds. This fact implies that singers undergo physiological
changes especially in the process of producing voice.

In Indonesia, choir activity is one of the most popular extra-
curricular activities among youngsters. Many Indonesian choral
groups, mainly from youth communities, have won various
international choral competitions. It is most likely a possible
reason of the increasing popularity of choir activity among
Indonesians. It can be inferred that the more people joining
choir also means that the more people experiencing physiolog-
ical changes especially in the respiratory system.

Vital capacity is the sum of inspiratory reserve volume, expi-
ratory reserve volume, and tidal volume. This is also a
maximum air volume that a human can inhale and exhale in
one single breath. Maintaining an ideal vital capacity is impor-
tant because of the fact that the larger the vital capacity, the
better oxygen level can be maintained. Oxygen level is crucial

to maintain the function of most tissues in the human body
especially brain tissue.1

Previous studies about the effects of various kind of training
in lung function showed different results. A study of a group of
middle-aged obese men who had undergone low-intensity
aerobic training obtained a bigger lung vital capacity.2 Another
study observed that bigger lung vital capacity, residual volume,
and total lung capacity were obtained by scuba divers who had
undergone 5-week respiratory training program.3

Most of research about lungvital capacity that has already been
conducted hasmainly discussed the relationship betweenvital ca-
pacity and diseases, the effect of doing various kinds of sports on
lung vital capacity, and lung vital capacity as an alternative
diagnosis method. The effects of common and light activities
such as singing on lung vital capacity are relatively rare to be
observed. Therefore, this research aims to determine the lung
vital capacity difference between choir singers and nonsingers.

METHODS

A cross-sectional study was performed to observe the effect of
choir singing exercise on lung vital capacity. Two groups of stu-
dents were involved in this research. The first group consisted
of 10 university male choir singers who met a few criteria such
as minimum of 2 years choir membership and trainings, mini-
mumof twiceweekly choir trainings, nonsmokers, and not hav-
ing respiratory problems and diseases. The second group was
defined as a control group that consisted of 10 university
male students who meet a few criteria such as not a member
of choir groups, nonsmokers, not having any choir training or
other activities which use vigorous respiration training for
minimum of 2 years, and not having respiratory problems
and diseases. To ensure that the students met the criteria, a
questionnaire was used (see Table 1).
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After the preparation of the volunteers, a one-stage spirom-
etry test was performed to obtain vital capacity and inspiratory
capacity of all the volunteers. Vital capacity was measured from
the end of inspiration until the end of expiration to see the expi-
ration capability of students, whereas inspiratory capacity was
measured from the beginning of inspiration until the end of
inspiration. Age and height of the students were also observed
to analyze these two variable effects on this research.

After the completion of spirometry test, the results were
analyzed using SPSS 17. The statistical test performed was
the independent t test which is useful for comparing the data
means.

RESULTS

Both groups have the same age average (20.7 years old). The
average height of the singer group is 169.6 cm, whereas for
the nonsinger group, it is 167.2 cm. Slightly higher average
heights of the singer group potentially affect lung vital capacity
measurement. Therefore, the independent t test was performed.
The result is that there is no significant difference for the
average heights between the two groups (P ¼ 0.222).

Vital capacity measured in the singers group is higher than
that in the nonsingers group. The average vital capacity in
singers group is 3.12 L (standard deviation [SD], 0.35), whereas
the average vital capacity in nonsingers group is 2.73 L (SD,
0.32). Statistically, the lung vital capacity difference between
the two groups is significant (P ¼ 0.02). Forced vital capacity
(FVC) is another variable measured in this study, the average
FVC in singers group is 75.28%, whereas the average FVC in
nonsingers group is 68.14%. The FVC measurement results
show significant difference (P ¼ 0.01) (see Table 2).

There is no significant inspiratory capacity difference
between the two groups (P ¼ 611). The average inspiratory ca-
pacity in the singers group is 1.79 L (SD, 0.51), whereas for the
nonsingers group, it is 1.71 L (SD, 0.39) (see Figure 1).

DISCUSSION

Factors affecting lung vital capacity

There are several factors that can affect lung vital capacity mea-
surement in humans. They are posture, age, sex, physical build,
pregnancy, and physical training.4 In this research, the
measured factors are age and height although all students
involved in this research are male. The habit of singing among

the singers is probably equivalent to physical training factor
because of its frequent use of respiratory muscles involved in
producing voice.
Age obviously can affect lung vital capacity of the human.

The older a person, the more likely a decline in lung function
happens.5 Energy needs continue to increase until the age of
40 years when the physical strength decreases.6 The decreasing
physical strength in older people can obviously affect the activ-
ity of respiratory muscles. In this research, the age factor is un-
likely to affect the lung vital capacity measurement because
both groups have the same age average (20.7).
As for height, there is a linear correlation between height and

vital capacity.7

The taller a person, the bigger probability he or she will have
a bigger thorax. The height measurement in this study shows
that there is no significance difference between the two groups
(P ¼ 0.222). Therefore, it is unlikely that the slight height dif-
ference between the two groups could give a major impact on
lung vital capacity measurement.
There is a vital capacity difference between men and women.

Men usually have larger lung volumes than women due to
men’s relatively bigger lungs. Besides, the higher adipose tissue
in women could give an impact as muscle tissues need a bigger
amount of oxygen than adipose tissue. In this study, all students
who were observed are male to avoid measurement bias
because of vital capacity difference between men and women.

The increasing lung vital capacity in singers

Respiration is undeniably crucial in producing voice, especially
in singing. Singing involves a fast and strong inspiration fol-
lowed by prolonged and controlled expiration. People who
sing are practicing a particular exercise which requires dia-
phragm contraction to do inspiration followed by prolonged
contraction of respiratory muscles to vibrate the vocal folds.
Therefore, singers need an accurate breathing adjustment.8

When we breathe normally, in the end of inspiration, the dia-
phragm relaxes followed by a passive expiration caused by
lung recoil force. However, expirationwill become an active pro-
cesswhen the ventilation increases because of obstructed airflow.
This is what happens when singing and speaking. Expiratory
muscles play important roles in singing, coughing, defecating,
and parturition.9 In producing voice, if airflow is weak and inad-
equate, the voice produced will be weak. For example, people

TABLE 1.

Criteria of the Volunteers

Group of Singers Group of Nonsingers

Male Male
Nonsmoker Nonsmoker
Having minimum of 2 years choir membership and training
sessions

Not a member of any choir group

Having minimum of twice weekly choir training sessions Not having any choir training for minimum of 2 years
Not having any respiratory problems and diseases Not having any respiratory problems and diseases
Not having routine activities which use vigorous respiration
training other than choir for minimum of 2 years

Not having routine activities which use vigorous respiration
training for minimum of 2 years

Journal of Voice, Vol. 30, No. 6, 2016718



who suffer from emphysema, lung cancer, asthma, or other lung
diseases often have difficulties in speaking loudly for a long
period.10

The functions of inspiration and expiration are important in
singing. However, expiration is most likely to play a bigger
role in producing voice. Expiration is very important in the
effort of vibrating the vocal folds to produce voice. It may be
the reason why in this study, the mean vital capacity in singers
group is significantly bigger than in the nonsingers group.

The increasing strength of expiratory muscles is a probable
reason of the increasing vital capacity in the singers group. In
a condition where the function of the muscle is increasing or
decreasing, muscle remodeling happens. In the context of mus-
cle tissue as a contractile tissue, muscle mass and muscle exten-
sibility affect muscle strength. The increasing muscle mass or
usually called muscle hypertrophy is caused by the increasing
number of actin and myosin in each muscle fiber. Significant
hypertrophy occurs when the muscles are given load during
contraction. In the case of increasing vital capacity in choir
singers, the increasing muscle extensibility is more likely to
be happening than the increasing of muscle mass. The

increasing muscle extensibility followed by the increasing
length of muscles forms new sarcomeres in the end of muscle
fibers which are attached to the tendons.11 This causes expira-
tory muscles in the singers to become elastic and not stiff.

Whereas, in the context of muscle tissue as an excitable tis-
sue, neuromuscular junctions and neurotransmitters give effects
to muscular adaptation in training. In choir singing exercises,
repeated stimulus happens to respiratory muscles. Physiolog-
ical changes in neuromuscular junction also happen. The length
of nerve terminal branching increases, the complexity of nerve
terminal branching also increases then followed by the
increasing numbers of presynaptic vesicles. The increasing
number of presynaptic vesicles increases the amount of
acetylcholine.12,13

There is some research which discussed the effect of doing
sports on lung vital capacity. A study in people who attend
yoga class found an increasing vital capacity in people who
do yoga class regularly.14 Another study found that people
who play badminton have bigger lung vital capacity than those
who do not. The similarity between badminton and choir
singing is that these activities use respiratory muscles.

FIGURE 1. Vital capacity and inspiratory capacity comparative chart.

TABLE 2.

Results of Variables Measurement

Variables

Nonsingers Group Singers Group

Mean Min Max Standard Deviation Mean Min Max Standard Deviation

Age (y) 20.7 18 24 1.77 20.7 19 21 0.82
Height (cm) 167.2 160 175 4.92 169.6 165 177 3.44
Inspiratory capacity (L) 1.71 1.15 2.39 0.39 1.79 1.20 2.545 0.51
Vital capacity (L) 2.73 2.29 3.34 0.32 3.12 3.09 3.54 0.35
FVC (%) 68.14 64.7 74.22 0.04 75.28 63.24 85.61 0.07

Abbreviation: FVC, forced vital capacity.

Abyan Irzaldy, et al Lung Volumes of Singers Compared to Nonsingers 719



Badminton players use abdominal muscles such as rectus ab-
dominis.15 Another study observed a group of old women
who accomplished 8 weeks respiratory muscle training ob-
tained a significant forced vital capacity increase compared to
the control group.16

However, the argument which claims that the singers have
stronger inspiratory or expiratory muscles compared to the non-
singers needs to be studied further. Measurements of maximal
expiratory pressure and maximal inspiratory pressure need to
be conducted to obtain data regarding the respiratory muscles
strength.

Inspiratory capacity measurement

The inspiratory capacity is the sum of tidal volume and inspira-
tory reserve volume. On the basis of the previous study, inspira-
tory muscles training can increase vital capacity and total lung
capacity.17Whereas in this study, therewas no significant differ-
ence between the inspiratory capacities of both groups although
the average inspiratory capacity in singers was slightly higher.
Asmentioned previously, the expirationmuscles are responsible
in regulating airflow to produce voice via vocal fold vibration. It
may be the reason why the difference between both groups is
mainly in the vital capacity which represents the expiration abil-
ity due to its measurement which started in the end of inspiration
until the end of expiration. The inspiration is unlikely to show a
significant difference as most physiological changes in singers
happen in expiration phase of the respiration.

CONCLUSIONS

In this study, there was a significant difference in the vital ca-
pacity between both groups, whereas inspiratory capacity mea-
surement showed no significant difference. It can be concluded
that bigger lung vital capacity measurement in the singers is
most likely because of the bigger volume of air exhaled in the
expiratory phase of the respiration. Future research should be
focused on measuring more variables such as maximal expira-
tory pressure and maximal inspiratory pressure to compare the
respiratory muscles strength between singers and nonsingers.
This report is also unable to exclude the possibility that the
singers have bigger lung vital capacity to start with. Long-
term experimental studies need to be conducted to confirm
the effect of singing training by comparing the initial singers’
lung vital capacity and the singers’ lung vital capacity after
the training sessions.
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