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Abstract

The objective of the present study was to evaluate incentive spirom-
eters using volume- (Coach and Voldyne) and flow-oriented (Triflo II
and Respirex) devices. Sixteen healthy subjects, 24 ± 4 years, 62 ± 12
kg, were studied. Respiratory variables were obtained by respiratory
inductive plethysmography, with subjects in a semi-reclined position
(45º). Tidal volume, respiratory frequency, minute ventilation, in-
spiratory duty cycle, mean inspiratory flow, and thoracoabdominal
motion were measured. Statistical analysis was performed with Kol-
mogorov-Smirnov test, t-test and ANOVA. Comparison between the
Coach and Voldyne devices showed that larger values of tidal volume
(1035 ± 268 vs 947 ± 268 ml, P = 0.02) and minute ventilation (9.07
± 3.61 vs 7.49 ± 2.58 l/min, P = 0.01) were reached with Voldyne,
whereas no significant differences in respiratory frequency were
observed (7.85 ± 1.24 vs 8.57 ± 1.89 bpm). Comparison between flow-
oriented devices showed larger values of inspiratory duty cycle and
lower mean inspiratory flow with Triflo II (0.35 ± 0.05 vs 0.32 ± 0.05
ml/s, P = 0.00, and 531 ± 137 vs 606 ± 167 ml/s, P = 0.00, respective-
ly). Abdominal motion was larger (P < 0.05) during the use of volume-
oriented devices compared to flow-oriented devices (52 ± 11% for
Coach and 50 ± 9% for Voldyne; 43 ± 13% for Triflo II and 44 ± 14%
for Respirex). We observed that significantly higher tidal volume
associated with low respiratory frequency was reached with Voldyne,
and that there was a larger abdominal displacement with volume-
oriented devices.
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Introduction

Many therapeutic devices used to prevent
postoperative pulmonary complications
(PPC) have been described (1). PPC are clini-
cally significant alterations in pulmonary
function associated with the postoperative

period in abdominal or thoracic surgeries
(2), which continue to be an important cause
of morbidity and mortality after this period
(3,4). The mechanism of these pulmonary
complications is related to modifications of
compartmental displacement, specifically
diaphragmatic dysfunction, decreased lung
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compliance, impaired mucociliary clearance,
and a monotonous breathing pattern without
periodic sighs (2-5).

Many clinical investigations about the
mechanism and treatment of PPC have been
performed, but there is no therapeutic con-
sensus about them, nor has any method been
described as superior (1). However, because
of the frequent changes occurring during the
postoperative period, especially alterations
of the breathing pattern that can cause pro-
gressive alveolar collapse, it is known that a
crucial factor in the prevention and treat-
ment of PPC is the maintenance of intermit-
tent deep prolonged inspiratory efforts, which
can reinflate collapsed alveoli, increase pul-
monary compliance and reduce regional ven-
tilation-perfusion inequalities (6,7).

The first incentive spirometer was con-
structed by Bartlett et al. (8) in the 1970’s to
encourage through visual feedback the per-
formance of reproducible, sustained maxi-
mal inspiration, until total lung capacity.
Maximal inspirations cause an increase in
transpulmonary pressure and consequently
an increase in lung volume (6,9). An end-
inspiratory pause maintains this increase in
transpulmonary pressure and ensures alveo-
lar stability (6,10,11).

Incentive spirometers are instrumental
devices commonly used in clinical practice
(12) and the literature provides specific guide-
lines (13) and a rationale for their use (6).
Different kinds of devices, volume or flow-
oriented, are currently available (14). Sev-
eral studies have been conducted to evaluate
the efficacy of incentive spirometry (IS) for
the prevention and treatment of PPC after
thoracic, abdominal or thoracoabdominal
surgery, and to compare this technique with
other treatment programs. However, the re-
sults obtained in these studies have been
conflicting (3,4,15-18). Overend et al. (3)
concluded that there is no evidence to sup-
port the use of IS to decrease the incidence of
PPC following thoracic or upper abdominal
surgeries. This lack of evidence could be

attributed to methodological flaws. At pres-
ent, IS continues to be used as part of the
routine prophylactic and therapeutic regi-
men for respiratory care (19).

Other aspects considered to analyze the
efficacy of IS, such as diaphragmatic recruit-
ment, influence of body position and addi-
tional imposed breathing work, have also
been studied (18,20,21). Two of these stud-
ies showed a higher work of breathing dur-
ing the use of flow-oriented devices com-
pared to volume-oriented devices (18,21).
To date, only few studies about IS have
focused on technical aspects such as the
difference between required and measured
volume or flow levels, and on physiological
aspects such as thoracoabdominal motion
during the use of different incentive spirom-
eters based on the same functioning prin-
ciple.

The present study had two main pur-
poses. The first was to evaluate tidal volume
and thoracoabdominal motion using volume-
and flow-oriented incentive spirometers; the
second was to compare the required volume
of volume-oriented incentive spirometers
with the actual tidal volume, and the esti-
mated inspiratory flow of flow-oriented in-
centive spirometers with the mean inspira-
tory flow actually measured. A secondary
purpose was to evaluate oxygen saturation
and heart rate during the use of these incen-
tive spirometers.

Material and Methods

Subjects

Twenty subjects were selected for the
study. They were Human and Health Sci-
ences professors or university students who
volunteered for the study. Two subjects were
excluded because their pulmonary function
test presented obstructive or restrictive dis-
orders and two others were unable to per-
form the test adequately. Thus, 16 non-smok-
ing healthy subjects without a history of
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respiratory disease were studied: 9 women
and 7 men aged 24 ± 4 years (mean ± SD),
age range: 21-38 years, weight 62 ± 12 kg,
height 1.68 ± 0.10 m, body mass index:
21.96 ± 2.41 kg/m2. A pulmonary function
test was performed with a hand-held spirom-
eter (Vitalograph 2120, Vitalograph Ltd.,
Buckingham, England). The mean values of
the spirometric variables, reported as per-
cent of predicted according to Knudson val-
ues (22) were: FVC = 98.8 ± 8.6%, FEV1 =
100.1 ± 7.4%, FEV1/FVC = 101.6 ± 6.8%,
PEF = 104 ± 15.6%, FEF 25-75% = 94.5 ±
20.8%. Subjects had never seen or used IS
before and received instructions about the
procedure and how to use the devices just
before the measurements. All subjects re-
ceived the same instructions as follows: in-
spire deeply and slowly through the mouth-
piece of the spirometer, trying to displace the
abdomen beyond the rib cage, and expire.
Subjects gave written informed consent to
participate in the study, which was approved
by the University Ethics Research Commit-
tee.

Signals and recording equipment

Respiratory variables were obtained by
respiratory inductive plethysmography (Res-
pitrace®, Nims, Miami, FL, USA). Teflon-
coated inductance coils of appropriate size
were placed around the rib cage and abdo-
men; the upper edge of the rib cage band was
placed at the level of the axilla and the
abdominal band at the level of umbilicus.
Signals were calibrated using qualitative di-
agnostic calibration (23) during natural
breathing; this is a two-step procedure
whereby the rib cage and abdominal electri-
cal gains of the respiratory inductive plethys-
mography amplifiers are correctly partitioned
during tidal breathing and subsequently com-
pared to the output of a spirometer to attain
equivalence. The subject then breathed into
a spirometer via a mouthpiece (Vitatrace,
Pro Médico, Rio de Janeiro, RJ, Brazil) with

the nose clipped, for 30 to 60 s, and the
electrical spirometer output was recorded
with a computer and used to calibrate the
respiratory inductive plethysmographic sum
signal for absolute volume in ml (24). The
spirometer was calibrated with a 3-liter sy-
ringe (Hans Rudolph Inc., Kansas City, MO,
USA) using computer software (RespiPanel
4.0, Nims) and signals were recorded with a
digital acquisition system (RespiEvents 5.2,
Nims). Transcutaneous oxygen saturation
(SpO2) and pulse rate were recorded by pulse
oximetry (Datex-Ohmeda Inc., Louisville,
CO, USA) using a finger probe.

Procedure

Subjects lay comfortably in bed in a semi-
reclined position (45º), avoiding any shift of
the body during recording. Respitrace® and
the finger sensor of the pulse oximeter were
then applied. Four incentive spirometers were
used: two of them volume-oriented devices
(Coach, DHD Medical Products, Canasota,
NY, USA, and Voldyne, Hudson RCI,
Temecula, CA, USA), with a predetermined
volume of 1500 ml, and two flow-oriented
devices (Triflo II, Hudson RCI, and Respirex,
DHD Medical Products), set at a flow rate of
900 ml/s. The choice of these devices was
based on the fact that these incentive spirom-
eters are commonly used in our clinical set-
tings. The target of volume-oriented IS was
chosen as a function of the tidal volume of
approximately 400 ml described in the lit-
erature for young adults (25). According to
Bendixen et al. (26), sigh volume corre-
sponds to 2 or 3 times the tidal volume. Our
choice was based on this consideration (3 x
400 ml = 1200 ml). However, for the Coach
and Voldyne devices it is easier to visualize
1500 ml. For flow-oriented IS, the literature
recommends to raise the first two balls of the
Triflo II device corresponding to 900 ml/s
(14,27). To have equivalence between flow-
oriented devices we chose the same flow
level for the Respirex device.
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After calibration, 5-min baseline periods
were recorded and then the test with the first
incentive spirometer was performed. The
following sequence was used: 1st baseline
period, 1st device, 2nd baseline, 2nd device,
3rd baseline, 3rd device, 4th baseline, 4th
device, and the 5th and last baseline period.
At least 5 min of recording was allowed for
each baseline period. For each IS period 1
min or at least 8 breaths were recorded. A
custom-made random number generator pro-
gram was used to assign the order in which
the incentive spirometers would be used for
each subject. Just before and after each IS
trial SpO2 and pulse rate were recorded.

Measurements

For the baseline periods, only tidal vol-
ume was analyzed. For each IS period, all
individual values for tidal volume (Vt), res-
piratory frequency (f), minute ventilation,
inspiratory duty cycle (Ti/Ttot), mean in-
spiratory flow (Vt/Ti), and rib cage motion
contribution to Vt (%RC/Vt) were obtained
directly via the digital acquisition system, on
a breath by breath basis. The abdominal
motion contribution to Vt was calculated
breath by breath (%AB/Vt = 100 - %RC/Vt).

Statistical analysis

Data are reported as means ± SD. Statis-
tical analysis was performed with the Statis-
tical Package for Social Sciences (SPSS 10.0,
Chicago, IL, USA). Distribution analysis was
performed using the Kolmogorov-Smirnov
test. ANOVA for repeated measures was
performed, followed by the Tukey-Kramer
post hoc test (Vt for baseline data and f, Ti/
Ttot, %RC/Vt, and %AB/Vt for the IS peri-
ods). The data obtained for all respiratory
variables with two volume-oriented and two
flow-oriented spirometers were compared
by independent sample t-test. The volume
and flow required by the incentive spirom-
eters and those actually measured were com-

pared by one-sample t-test. Data regarding
transcutaneous oxygen saturation (SpO2) and
pulse rate before and after IS were compared
by the Student t-test for paired samples. The
level of significance (α) was set at 0.05 for
all tests.

Results

Data were obtained during the five base-
line and four IS periods for all 16 subjects.
Four of them repeated one of the IS periods
(two subjects with Triflo II, one with Respirex
and one with Coach). A total of 689 respira-
tory cycles of IS periods were analyzed, with
a mean (± SD) of 43 ± 5 cycles per subject.
With respect to the five baseline periods, a
total of 1224 respiratory cycles were ana-
lyzed, with a mean of 76 ± 13 cycles per
subject. For baseline data the mean was cal-
culated from 1-min measurements corre-
sponding to the last minute of each baseline
period (approximately 15 breaths).

Baseline tidal volume

The following Vt values (mean ± SD)
were obtained during the five baseline peri-
ods: baseline 1 (277 ± 106 ml), baseline 2
(296 ± 145 ml), baseline 3 (270 ± 118 ml),
baseline 4 (286 ± 117 ml), and baseline 5
(274 ± 94 ml). There were no significant
differences in tidal volume between the five
baseline periods (F = 0.40; P = 0.80).

Comparison of Coach and Voldyne
(volume-oriented incentive spirometers)

Table 1 shows the data obtained with
volume-oriented incentive spirometers with
a required volume of 1500 ml. Comparison
showed that higher tidal volume and minute
ventilation values were reached with Voldyne
(P < 0.05). Mean inspiratory flow was lower
and inspiratory duty cycle was longer when
Coach was used (P < 0.05). With respect to
respiratory frequency, rib cage and abdomi-
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nal motion contribution to Vt, there were no
significant differences between spirometers.

Comparison of Respirex and Triflo II
(flow-oriented incentive spirometers)

Table 2 shows the data obtained with the
flow-oriented incentive spirometers set at
900 ml/s. Comparison showed that higher
values of inspiratory duty cycle and lower
mean inspiratory flow were reached when
Triflo II was used (P < 0.05). No significant
differences were observed for tidal volume,
respiratory frequency, minute ventilation, rib
cage, and abdominal motion contribution to
Vt.

Comparison of volume- and flow-oriented
incentive spirometers

Thoracoabdominal motion during incen-
tive spirometry. Figure 1 shows the thoraco-
abdominal motion data obtained with the
use of the four incentive spirometers. Ab-
dominal motion was significantly higher than
rib cage motion when volume-oriented in-
centive spirometers were used compared to
flow-oriented devices. No significant differ-
ence was observed between Coach and
Voldyne (volume-oriented devices) or Res-
pirex and Triflo II (flow-oriented devices)
for %AB/Vt or %RC/Vt.

Comparison of the volume and flow re-
quired by the incentive spirometers and those
actually measured. A significant difference
was observed for both volume-oriented de-
vices when the tidal volume reached during
IS (Table 1) was compared to the required
volume of 1500 ml (Coach: t = -8.21; P =
0.00 and Voldyne: t = -6.91; P = 0.00).
Similarly, a significant difference was ob-
served for both flow-oriented devices when
the mean inspiratory flow reached during IS
(Table 2) was compared to the estimated
flow of 900 ml/s for the incentive spirom-
eters (Respirex: t = -6.99; P = 0.00; Triflo II:
t = -10.71; P = 0.00).

Table 1. Data obtained with volume-oriented in-
centive spirometers for healthy subjects.

Respiratory Coach Voldyne
variables

Vt (ml) 947.94 ± 268.66 1035.88 ± 268.43*
f (bpm) 7.85 ± 1.24 8.57 ± 1.89
VE (l/min) 7.49 ± 2.58 9.07 ± 3.61*
Ti/Ttot 0.55 ± 0.06 0.48 ± 0.08*
Vt/Ti (ml/s) 233.80 ± 98.08 338.31 ± 199.96*
%RC/Vt 47.41 ± 10.99 49.11 ± 8.94
%AB/Vt 52.58 ± 10.99 50.88 ± 8.94

Data are reported as means ± SD for 16 subjects.
Vt = tidal volume; f = respiratory frequency; VE =
minute ventilation; Ti/Ttot = inspiratory duty cycle;
Vt/Ti = mean inspiratory flow; %RC/Vt = rib cage
motion contribution to Vt; %AB/Vt = abdominal
motion contribution to Vt.
*P < 0.05 compared to Coach device (Student t-
test).

Table 2. Data obtained with flow-oriented incen-
tive spirometers for healthy subjects.

Respiratory Respirex Triflo II
variables

Vt (ml) 973.44 ± 354.54 970.88 ± 303.94
f (bpm) 12.51 ± 3.05 12.59 ± 3.08
VE (l/min) 11.62 ± 3.57 11.38 ± 3.50
Ti/Ttot 0.32 ± 0.05 0.35 ± 0.05*
Vt/Ti (ml/s) 606.80 ± 167.70 531.48 ± 137.61*
%RC/Vt 55.13 ± 14.10 56.17 ± 13.44
%AB/Vt 44.86 ± 14.10 43.82 ± 13.44

Data are reported as means ± SD for 16 subjects.
Vt = tidal volume; f = respiratory frequency; VE =
minute ventilation; Ti/Ttot = inspiratory duty cycle;
Vt/Ti = mean inspiratory flow; %RC/Vt = rib cage
motion contribution to Vt; %AB/Vt = abdominal
motion contribution to Vt.
*P < 0.05 compared to Respirex device (Student t-
test).
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Figure 1. Contribution of rib cage
motion to tidal volume (%RC/Vt)
and contribution of abdominal
motion to tidal volume (%AB/
Vt). Data of thoracoabdominal
motion for the group of 16 sub-
jects using four incentive spi-
rometers, two of them volume-
oriented (Coach and Voldyne)
and two flow-oriented devices
(Respirex and Triflo II). *P < 0.05
(ANOVA).
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incentive spirometers.
The cumulative effects of incentive spi-

rometers did not influence these results be-
cause the order of use was randomized and
the tidal volume did not show significant
differences during baseline measurements.

Since the aim of incentive spirometry is
to increase transpulmonary pressure through
slow deep maximal inspiration, increasing
tidal volume and decreasing respiratory fre-
quency (6,13), the best values of minute
ventilation, tidal volume and respiratory fre-
quency were obtained during exercise with
volume-oriented incentive spirometers. Min-
ute ventilation was larger during the use of
Voldyne due to a larger tidal volume associ-
ated with a low respiratory frequency.

Rib cage and abdominal motion contri-
butions to Vt were similar for the two vol-
ume-oriented devices and for the two flow-
oriented devices, but not when volume and
flow-oriented devices were compared. A
larger abdominal motion contribution to Vt
occurred during IS with volume-oriented
devices, which could be considered to be an
advantage of these devices, since a larger
abdominal displacement is desired during
IS.

We postulate that the difference observed
between volume and flow-oriented incen-
tive spirometers with respect to chest and
abdominal motion may be related to breath-
ing work. It was observed that the recruit-
ment pattern of respiratory muscles prefer-
entially occurs with rib cage muscles during
incentive spirometry using a flow-oriented
device (28) and a higher breathing work is
observed during the use of this type of de-
vice (18,21). Weindler and Kiefer (18) evalu-
ated the additional imposed work of breath-
ing generated by two different incentive
spirometers (Coach, volume-oriented, and
Mediflo, flow-oriented) on the postopera-
tive IS performance of patients. For the group
with a moderate risk for PPC the additional
breathing work imposed by the flow-ori-
ented device was twice the one imposed by

Table 3. Transcutaneous oxygen saturation (SpO2)
and pulse rate before and after incentive spirom-
etry for healthy subjects.

Incentive Before After
spirometer the trial the trial

SpO2 (%)
Coach 95.56 ± 1.03 97.25 ± 1.29*
Voldyne 96.06 ± 1.06 97.19 ± 1.56*
Respirex 96.44 ± 1.15 96.88 ± 1.20
Triflo II 96.19 ± 1.33 97.19 ± 1.42*

Pulse rate (bpm)
Coach 72.63 ± 10.26 72.13 ± 9.09
Voldyne 72.13 ± 7.64 77.19 ± 9.55
Respirex 72.56 ± 9.04 72.19 ± 9.99
Triflo II 74.88 ± 10.33 73.56 ± 11.55

Data are reported as means ± SD for 16 subjects.
*P < 0.05 compared to before trial (Student t-test).

Transcutaneous oxygen saturation and pulse
rate data

Table 3 shows the SpO2 and pulse rate
data obtained by pulse oximetry. There was
a significant difference in SpO2 measured
before and after each period of incentive
spirometry with all incentive spirometers (P
< 0.05), except for Respirex. No significant
differences in pulse rate were observed be-
fore and after each period of incentive spi-
rometry with the four incentive spirometers.

Discussion

The main results of the present study
were: 1) when the two volume-oriented in-
centive spirometers were compared, minute
ventilation effectively reaching the lungs was
larger with Voldyne due to a larger tidal
volume associated with a low respiratory
frequency; 2) abdominal motion was larger
during the use of volume-oriented incentive
spirometers compared to flow-oriented de-
vices; 3) in all devices, the actually meas-
ured volume for volume-oriented incentive
spirometers and mean inspiratory flow for
flow-oriented devices differed significantly
from those indicated by the manufacturers of
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the volume-oriented device. Mang and Ober-
mayer (21), using a test lung model, tested
six different models of incentive spirometers
(Coach, Voldyne and Triflo II between them)
and observed that Triflo II imposed the high-
est breathing work. This finding is similar to
that obtained in the present study, which
demonstrated a higher rib cage motion with
Triflo II and Respirex (flow-oriented de-
vices).

In the devices evaluated by us, the actu-
ally measured volume for volume-oriented
incentive spirometers and flow for flow-
oriented devices differed significantly from
those indicated by the manufacturers (about
40%). The tidal volume measured differed
significantly between the volume-oriented
devices even though the subjects reached the
same levels on the cylinders. This fact might
be related to leak or friction on the cylinder.
This difference was also reported by Mang
et al. (29) in a study about incentive spirom-
eters. The largest difference was observed
with flow-oriented devices (25-50% above
the flow declared by the manufacturers) but
a difference was also observed with volume-
oriented devices (± 10%). These results ob-
served by us and others show that there is a
source of error when this therapy is used and
could help to explain inconsistent results
published in the literature evaluating the ef-
ficacy of IS. This matter deserves further
investigation.

In our study, we analyzed the use of IS by
subjects without previous knowledge of the
technique, a fact that can influence the per-
formance obtained during the measurements.
However, our purpose with this inclusion
criterion was to simulate the clinical context,
in which the patients are not necessarily
familiar with IS.

Our results showed that SpO2 was sig-
nificantly increased after IS in all but one IS
device. With healthy subjects these SpO2
values were not clinically significant despite
being statistically different. Monitoring of
SpO2 during the use of IS should be recom-
mended when working with patients at risk
for PPC.

Limitations of the present study can be
the fact that we studied healthy subjects and
that a relation between this experimental
situation and clinical situations involving
patients cannot be directly established. How-
ever, studies on the influence of body posi-
tion during incentive spirometry in normal
subjects and patients submitted to surgery
obtained similar results (20,30).

Another limitation could be a possible
influence of different settings of volume and
flow devices on results related to thoracoab-
dominal motion. Although this was not an
aim in this study, we observed close tidal
volume measured using volume- or flow-
oriented incentive spirometers. In view of
these considerations, we believe that the dif-
ferences observed in thoracoabdominal mo-
tion between volume and flow IS were not
related to targets but to the characteristics of
each device.

Our results showed that a larger tidal
volume associated with a low respiratory
frequency, resulting in higher minute venti-
lation, was reached when subjects used Vol-
dyne, a volume-oriented incentive spirom-
eter. Abdominal motion during the use of
incentive spirometers was higher with vol-
ume-oriented devices. In all devices, the ac-
tually measured volume or flow differed
significantly from those indicated by the
manufacturers.
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