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ABSTRACT: The aim of this study was to compare immediate, daily and weekly
variation in respiratory resistance measured by means of the forced oscillation
technique (Rrs,FOT) to spirometric indices in 7–12 year old children with chronic
respiratory symptoms.

The lung function measurements were performed in 19 children on 4 days, i.e.
two consecutive days during two consecutive weeks. On each day, the measure-
ments were carried out at the same time of day and always repeated three times.
In addition, Rrs,FOT and spirometric lung function indices were compared with an
exercise challenge test in 12 children.

Intrasubject coefficients of variation (CoVs) for Rrs,FOT were larger than those
for spirometric indices. Only in the immediately repeated measurements was the
CoV of maximal expiratory flow at 25% vital capacity larger than that of Rrs,FOT
(16.6 vs 14.9%). At all time intervals, the smallest CoVs were observed in forced
vital capacity (FVC) or in the ratio of forced expiratory volume in one second to
FVC (2.0–2.6%). When excluding Rrs,FOT values which were not within 2 SD (0.11
kPa·L-1·s) of the differences between the immediately repeated measurements, the
CoV of the immediately repeated measurements of Rrs,FOT was reduced to 9.1%,
being smaller than that of maximal mid-expiratory flow (10.1%). However, even
then the day-to-day variation in Rrs,FOT was clearly larger (16.0%) than those of
the airflow indices at specified lung volumes (7.2–8.3%). This was also true for the
weekly variation. In the exercise challenge test, there were larger changes in Rrs,FOT
values than in the spirometric indices, but Rrs,FOT was the most sensitive index to
detect changes in the respiratory system.

In conclusion, the variation in Rrs,FOT values was larger than that of most spiro-
metric indices. When a reliability index was applied, the immediate variation in
Rrs,FOT values was comparable to those of the airflow indices at specified lung vol-
umes. Rrs,FOT was also the most sensitive index in the exercise challenge test, and
therefore it seems to be suitable for detection of short-term functional changes in
the respiratory system. However, the relatively low repeatability of Rrs,FOT over
days and weeks may limit its applicability to longer-term follow-ups.
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Spirometry is a conventional and well-documented
method for detecting lung function changes. However,
there are some difficulties in spirometric lung function
measurements, especially in children. Spirometry needs
good active co-operation, and at the beginning of the
forced expiration, in particular, the correct breathing
technique is required. The end of the forced expiration
does not depend on the force developed by the expira-
tory muscles, but children tend to finish the expiration
too early. As a result of the incomplete expiratory effort
there can be a large overestimation of maximal expira-
tory flow at 25% vital capacity (MEF25) [1]. In addition,
the forced breathing manoeuvre may affect bronchomo-
tor tone [1, 2].

Lung function measurement by the forced oscillation
technique (FOT) is easy to perform [3]. It needs only

passive co-operation, as no special breathing manoeuv-
res are needed. In addition, as the measurements are per-
formed during tidal breathing, the bronchomotor tone is
not affected. FOT has been successfully used in neo-
nates [4], children [5–8] and even during anaesthesia
[9, 10]. Nowadays, the equipment is also compact in
size and suitable for field studies. However, there are
several types of device in use, and the validation of the
method and of different devices is not yet complete.

The aim of the first part of this study was to com-
pare respiratory resistance recorded using FOT (Rrs,FOT)
to spirometric lung function indices with regard to im-
mediate, day-to-day and week-to-week variations, in
primary school children with chronic respiratory symp-
toms. In the second part of the study, the two methods
were compared in an exercise challenge test.
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Subjects and methods 

Subjects

In February 1993, chronic respiratory symptoms were
screened by a parent-completed questionnaire in a pri-
mary school in Siilinjärvi, Finland. The symptoms that
were asked about included "wheezing during the last 12
months"; "attacks of shortness of breath with wheezing
during the last 12 months"; "almost daily cough during
day or night for three consecutive months"; and "doctor-
diagnosed asthma".

At the end of April 1993, 29 children with chronic
respiratory symptoms were asked to participate in this
study, and 24 (83%) agreed. A total of 19 (79%) chil-
dren (11 girls and 8 boys, mean (SD) age 9.9 (1.4) yrs
(range 7–12 yrs) height 142 (13) cm (120–160 cm),
weight 40 (13) kg (23–62 kg)) attended all the mea-
surements. Fifteen children had suffered from wheez-
ing, seven from shortness of breath with wheezing, and
10 had suffered from daily cough. Eight children had
doctor-diagnosed asthma. Ten children used daily medi-
cation for respiratory symptoms, and they were asked
to take their medication as usual.

Written consent was obtained from all the parents of
the children before the measurements. The study proto-
col was approved by the Ethics Committee of the Kuo-
pio University Hospital and the University of Kuopio.

Study design

In the first part of the study, the lung function mea-
surements were performed in the same children, and
always at the same time on 4 days, i.e. on two consec-
utive days during two consecutive weeks. A week be-
fore the study, the subjects were familiarized with the
equipment and the test procedure. During each visit,
three recordings of Rrs,FOT were made without apply-
ing any acceptance criteria, followed by three accept-
able spirometric measurements. In the second part of
the study, 12 children (5 boys and 7 girls) participated
once in an exercise challenge test inside the school. The
subjects were randomly selected from the 19 children
who volunteered to continue in this study. Before the
exercise test, and 2 and 10 min after the test, two accept-
able recordings of Rrs,FOT were obtained, followed by
two acceptable recordings of spirometric lung function
indices. In Rrs,FOT measurements, two consecutive re-
cordings were regarded as acceptable, if the difference
between the values was ≤0.11 kPa·L-1·s, i.e. 2 times SD

of the differences between the first and second imme-
diately repeated measurements obtained in the first part
of the study.

Lung function measurements

Rrs,FOT was recorded using the Custo Vit™ direct-
reading resistance meter (Custo Med, Munich, Germany).
An input pressure signal was applied at the mouth using
a frequency of 8 Hz. The subjects were seated with the

nose clipped, and the neck extended backwards. To re-
duce artefact from the upper airways, the subjects sup-
ported the mouth and cheeks with one hand [11], while
the other hand supported the handpiece of the resistance
meter. After about 30–45 s of tidal breathing through
the mouthpiece, there was a 15 s sampling of the flow
and pressure signals for analysis. The Rrs,FOT value was
automatically calculated as the average resistance value
from the pressure-flow curves [12] having the lowest
phase angle between the inspiratory and expiratory pha-
ses. The input frequency of 8 Hz was chosen from the
available frequencies of 8, 12 and 16 Hz, because it had
produced the best correlation between the Rrs,FOT mea-
sured with the Custo Vit device and the airway resis-
tance measured with the body plethysmograph [13].
Furthermore, forced oscillation variables should be re-
corded at low oscillation frequencies in order to mini-
mize the upper airways shunt [14].

Spirometric flow-volume curves were recorded with
a heated Fleisch-type pneumotachograph (Medikro M
5530™ No. 3; Medikro Oy, Kuopio, Finland), which was
connected to a computerized spirometer (Medikro101™;
Medikro Oy, Kuopio, Finland). The subjects were seated
and wore a noseclip. The measurements were carried
out according to the recommendations of the European
Respiratory Society [1]. The curves were accepted if
the values of forced vital capacity (FVC) were within
5% or 100 mL of each other, whichever was greater.
In addition to FVC, the following lung function para-
meters were derived from the curves: forced expira-
tory volume in one second (FEV1), FEV1/FVC ratio,
peak expiratory flow (PEF), maximal expiratory flow at
50% and 25% vital capacity (MEF50 and MEF25), max-
imal mid-expiratory flow (MMEF), and the area under
the flow-volume curve (AFV). The resistance meter and
the spirometer were calibrated for volume with a 3 L syr-
inge. The calibrations were performed every morning
before the measurements. All lung function measure-
ments were carried out indoors at school between 10:00
and 14:30 h during May 1993, and the results were cor-
rected to body temperature, atmospheric pressure and
saturation with water vapour (BTPS).

Exercise challenge test

The exercise challenge test lasted 8 min. The child-
ren exercised using a bicycle ergometer (Monark 818E;
Ergomedic, Varberg, Sweden). During the test, the nose
was clipped, and the cardiac frequency was monitored
with a Sport Tester heart rate meter (Polar Electro;
Kempele, Finland). The target work load was 75–80%
of the maximum cardiac frequency, calculated from the
equation 205 - (1/2 × age). For the first minute, the
work load was set to 60% of the target load. It was
increased to 75% in the second minute, 90% in the third
minute, and 100% in the fourth minute; and was then
maintained for the remaining 4 min [15].

Pollen data

During the whole month, there were exceptionally
high levels of birch pollen in outdoor air.



The data on pollen counts were obtained from the
Finnish Aerobiology Group. The measurement site
was located in Kuopio, at 25 km from the study area.
The mean total pollen count during the week preceding
the first part of the study was 4,215 pollen grains·m-3

(range 1,516–7,344 pollen grains·m-3), and 3,781 pollen
grains·m-3 during the two study days of the first week.
During the two study days of the second week, the
mean count was 429 pollen grains·m-3, and between the
study days of the first and second week the mean count
was 1,185 pollen grains·m-3 (range 824–1,973 pollen
grains·m-3). During the days when the exercise chal-
lenge tests were performed, the mean total pollen count
was 61 pollen grains·m-3.

Data analysis

The variation in lung function measurements can be
divided into "within-subject" variation and "between-
subject" variation. In the present study, "within-subject"
variation can be due to changes in lung function over
the three repeated measurements, over the day, or over
the week. All these different components of the total
variance of each lung function parameter can be esti-
mated using analyses of variance (ANOVA). When the
design is completely nested, as in the present study,
this estimation can conveniently and efficiently be made
using a random effects ANOVA with a nested structure
(PROC NESTED in Statistical Analysis System (SAS))
[16]. 

Coefficient of intrasubject variation (CoV) is another
way to describe within-subject variation. CoV is calcu-
lated as the standard deviation of the differences bet-
ween the repeated measurements in the same subject
divided by the mean value of all measurements, and it
was calculated for immediate, day-to-day and week-to-
week variation [17]. To get the CoV of immediate varia-
tion, the CoV between the first and second, the first and
third, and the second and third recordings were aver-
aged. In calculations of the coefficient of day-to-day
variation, the average values of the first and third study
days were compared to the average values of the sec-

ond and fourth study days. Similarly, the average val-
ues of the first and second study days were compared
to average values of the third and fourth study days to
get the coefficient of week-to-week variation. 

In the Rrs,FOT data, analyses were also performed by
applying a reliability index to the immediately repea-
ted measurements, i.e. excluding the values that diffe-
red from each other by more than 0.11 kPa·L-1·s (two
times SD of the difference between repeated measure-
ments). Differences between means were tested with
analysis of variance (PROC GLM (general linear mod-
els) in SAS) [16].

For additional comparison and to estimate the sensi-
tivity of different lung function parameters to detect
changes in the respiratory system, the CoV was compa-
red to the maximal relative change in the respective lung
function indices after the exercise test. The CoV values
were calculated from the baseline values of Rrs,FOT, FVC,
FEV1, MMEF and AFV in the exercise test, because
the reliability index was applied on the spot to the im-
mediately repeated Rrs,FOT measurements of the second
part of the study. The changes in the lung function in-
dices were calculated using the mean value of the two
immediately repeated Rrs,FOT measurements and the
spirometric flow-volume curve with the largest FVC
value. The measurements at 2 and 10 min after the exer-
cise test were compared to the baseline measurements
before the exercise, and the largest difference between
the baseline value and the values measured after the test
was included in the analyses as the maximal change.
The maximal relative change was calculated by divid-
ing this difference by the baseline value.

Results

There were no statistically significant differences in
the mean values of Rrs,FOT and spirometric indices bet-
ween the four study days (table 1), or between the three
immediately repeated measurements on the same day
(table 2). The FVC, FEV1 and MMEF values were 97%,
91% and 82% of the predicted values for Finnish chil-
dren, respectively.
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Table 1.  –  Lung function indices on two consecutive days in two consecutive weeks

Week 1 Week 2

Indices Day 1                 Day 2                    Day 3                 Day 4
(n=57)*               (n=57)                    (n=57)               (n=57)

Rrs,FOT kPa·L-1·s 0.55 (0.18) 0.52 (0.16) 0.55 (0.19) 0.53 (0.13)
FVC  L 2.47 (0.52) 2.46 (0.52) 2.46 (0.57) 2.42 (0.53)
FEV1 L 2.07 (0.45) 2.08 (0.41) 2.07 (0.45) 2.04 (0.45)
FEV1/FVC  % 84 (10) 85 (8) 85 (8) 85 (9)
PEF  L·s-1 4.36 (0.95) 4.43 (0.97) 4.34 (1.07) 4.23 (0.99)
MEF50 L·s-1 2.51 (0.90) 2.47 (0.76) 2.44 (0.80) 2.48 (0.81)
MEF25 L·s-1 1.11 (0.50) 1.12 (0.57) 1.16 (0.51) 1.11 (0.55)
MMEF  L·s-1 2.23 (0.79) 2.20 (0.71) 2.24 (0.77) 2.22 (0.81)
AFV L2·s-1 5.80 (2.34)  5.82 (2.06) 5.81 (2.42) 5.62 (2.25)

On each day, three immediately repeated measurements of Rrs,FOT and spirometric lung function in-
dices were performed in 19 children. Values are presented as mean, and SD in parenthesis. *: n=num-
ber of values measured. Rrs,FOT: resistance of the respiratory system measured by the forced oscillation
technique; FVC: forced vital capacity; FEV1: forced expiratory volume in one second; PEF: peak expi-
ratory flow; MEF50 and MEF25: maximal expiratory flow at 50 and 25% vital capacity, respectively;
MMEF: maximal mid-expiratory flow; AFV: area under the flow-volume curve.
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In spirometric lung function measurements, the "between-
subjects" variation was the largest component of vari-
ance (table 3). In Rrs,FOT measurements, the proportions
both of "within-subject between days" and "within-sub-
ject between immediately repeated measurements" vari-
ation were much larger than in spirometric measurements.
The proportion of "within-subject between weeks" vari-
ation was small in all lung function indices. When the
reliability index of 0.11 kPa·L-1·s was applied to con-
trol the quality of the Rrs,FOT data, 31 (14%) values were
discarded. This decreased the proportion of the "within-
subject between immediately repeated measurements"
variation in the total variance from 23.8% to 6.6%, but
it had little effect on the "between subjects" variation.

The CoV of immediate variation in Rrs,FOT (14.9%)
was larger than that in all spirometric parameters with
the exception of MEF25 (16.6%) (table 4). With regard
to day-to-day and week-to-week variation, the CoV was
largest in Rrs,FOT. FVC, FEV1 and FEV1/FVC had the
smallest CoV values at all time intervals. When 31 Rrs,FOT
values exceeding the reliability index were excluded,
the CoV of immediate variation decreased to 9.1%. When

calculating the CoV of day-to-day variation in Rrs,FOT
separately for the first and second weeks and applying
the reliability index, the CoV was 26.3% in the first week
and 12.3% in the second week.

At the end of the exercise challenge test, the mean
(range) cardiac frequency was 167 (163–171) beats·min-1

and the mean (range) workload 72 (40–120) W. In lung
function, the largest relative changes occurred in Rrs,FOT
and MMEF values (table 5). The Pearson correlation
coefficients between the relative changes in Rrs,FOT and
spirometric indices were 0.12 for FVC, -0.41 for FEV1,
-0.43 for MMEF, and -0.52 for AFV, and none of them
was statistically significant. When the mean of the maxi-
mal relative changes was divided by the respective CoV
of immediate variation to compare the sensitivity of the
parameters, the highest ratio (1.8) was found in Rrs,FOT
and the lowest in FVC (0.6). The ratios for the other
spirometric parameters (FEV1, MMEF, AFV) were close
to one.

Discussion 

Lung function measurements with FOT are attrac-
tive, because the measurements are performed during
tidal breathing and they need only passive co-operation
from the subject. When using FOT, the bronchial tone
is not affected, as may happen during forced breathing
manoeuvres [1, 2]. However, the methodology of FOT
is not yet completely validated. We compared oscilla-
tory respiratory resistance measured at a fixed 8 Hz fre-
quency to spirometric indices in primary school children
with chronic respiratory symptoms. The comparison in-
cluded time intervals relevant to clinical and epidemio-
logical follow-up studies.

In the present study, the variation of Rrs,FOT was larg-
er than that of the spirometric indices. In immediately
repeated measurements, only MEF25 was less repeat-
able than Rrs,FOT. FVC and FEV1 were highly repeat-
able. With regard to day-to-day and week-to-week
variation, Rrs,FOT varied most, but the repeatability was

Table 2.  –  Lung function indices in three immediately
repeated measurements in 19 children on two consec-
utive days during two consecutive weeks

Measurement

1                 2                3
Parameter             (n=76)*         (n=76)          (n=76)

Rrs,FOT kPa·L-1·s 0.53 (0.17) 0.54 (0.17) 0.56 (0.16)
FVC  L  2.45 (0.54) 2.45 (0.53) 2.45 (0.53)
FEV1 L 2.06 (0.43) 2.06 (0.43) 2.06 (0.45)
FEV1/FVC  % 85 (8) 85 (8) 85 (9)
PEF  L·s-1 4.35 (0.98) 4.31 (0.99) 4.39 (1.01)
MEF50 L·s-1 2.47 (0.81) 2.48 (0.81) 2.46 (0.84)
MEF25 L·s-1 1.12 (0.49) 1.11 (0.54) 1.15 (0.57)
MMEF  L·s-1 2.23 (0.74) 2.22 (0.75) 2.21 (0.81)
AFV  L2·s-1 5.76 (2.25) 5.75 (2.24) 5.78 (2.31)

Values are presented as mean, and SD in parenthesis. *: n=
number of values measured.  For definitions see legend to
table 1.

Table 3.  –  The proportions of different components in
the total variance of lung function indices

Within subjects

Between-    Between-   Between-    Between
subjects       weeks       days     immediately

repeated
measurements

%             %           %             %

Rrs,FOT 46 1.2 29.3 23.8
Rrs,FOT'# 43 0.0 50.1 6.6
FVC 96 1.7 1.1 1.4
FEV1 92 2.6 3.4 2.2
FEV1/FVC % 84 0.4 8.6 7.3
PEF  83 3.6 4.8 8.4
MEF50 89 1.0 4.7 5.0
MEF25 82 3.8 2.6 11.9
MMEF 86 3.7 2.3 8.2
AFV 92 1.9 2.6 3.3
#: 31 values exceeding 2 times SD (0.11 kPa·L-1·s) of the dif-
ference between immediately repeated measurements were
excluded. For definitions see legend to table 1.

Table 4.  –  Coefficients of intrasubject variation (CoV
%) in Rrs,FOT and spirometric indices at various mea-
surement intervals

Indices         Immediate       Day-to-day     Week-to-week
(n=228)*         (n=38)             (n=38)
CoV %          CoV %            CoV %

Rrs,FOT 14.9 11.4 14.0
Rrs,FOT'# 9.1 16.0 13.2
FVC 2.6 2.0 3.5
FEV1 3.2 3.0 4.7
FEV1/FVC 2.8 2.2 2.5
PEF 6.7 4.2 6.3
MEF50 7.5 7.2 6.4
MEF25 16.6 8.1 12.8
MMEF 10.1 8.3 8.8
AFV 7.2 5.2 7.7

Three immediately repeated measures were performed in 19
children on two consecutive days during two consecutive weeks.
*: n=number of values in analysis. #: 31 values exceeding 2
SD (0.11 kPa·L-1·s) of the difference between the immedia-
tely repeated measurements were excluded. For definitions
see legend to table 1.



comparable to MEF25 and MMEF, which have been re-
ported to be sensitive indicators of airway obstruction
[18]. Although it would be desirable to have a measure-
ment that was both highly sensitive and highly repeat-
able, a reasonable balance has to be found between the
two.

The mean values of Rrs,FOT and spirometric indices
did not vary significantly between the three immedi-
ately repeated measurements. However, the standard
deviations of nearly all spirometric parameters were
larger in the second and third measurements than in the
first measurement, suggesting that the forced breathing
manoeuvre affected bronchomotor tone, especially in
smaller airways [2].

With regard to immediate repeatability of Rrs,FOT, our
results are in agreement with previous studies. In the
study by DUIVERMAN et al. [6], FOT was compared to
the expiratory flow-volume curves in asthmatic chil-
dren. The CoV of the immediate variation in respira-
tory resistance measured at 6 Hz was 11.1%, and those
in FEV1 and MEF25 were 4.2% and 11.2% respective-
ly. LÀNDSÉR et al. [19] reported that the average CoV
of respiratory resistance measured by multiple frequency
oscillometry was 11% in healthy children. In a study
by LEBECQUE and co-workers [20], a mean value of 9.3%
was reported for individual CoV of respiratory resis-
tance measured at 6 Hz in children who had respiratory
symptoms. In a further study by LEBECQUE and co-work-
ers [21] in healthy children, the respiratory resistance
was measured at 10 Hz, and the spirometric flow-vol-
ume curves were also recorded. Based on the three best
manoeuvres, the intraindividual CoV was less than 5%
in respiratory resistance, less than 7% in MMEF, and
less than 2% in FVC and FEV1. HOLMGREN et al. [22]
reported an intraindividual variability of 7.5% in the
inspiratory resistance measured at 4 Hz in asthmatic
children. In addition, a CoV of 12% was reported by
SOLYMAR et al. [23] for the respiratory resistance in asth-
matic children, and a CoV of 11.2% was reported by
WILSON et al. [24] in 5 year old wheezy children.

There is less literature concerning day-to-day and week-
to-week repeatability in respiratory resistance values.
GIMENO et al. [25] studied changes in respiratory resis-
tance and FEV1 over several days, and the CoV of res-
piratory resistance was 10.8% in healthy adults, and
14.4% and 17.0% in patients with chronic obstructive
pulmonary disease (COPD) at ages under and over 55
yrs, respectively. The CoV of FEV1 was 2.2% in healthy
subjects and 10.4–11.7% in patients with COPD. These
findings are in good agreement with the present results
in symptomatic children.

There is a lack of objective control over the breathing
technique in Rrs,FOT measurements, and it has, there-
fore, been recommended that some reliability index should
be used [11]. We applied a simple index of ±2 times SD

of the differences between immediately repeated mea-
surements to control the quality of the data collected.
This lowered the CoV of immediately repeated mea-
surements to 9.1%, which was then similar to the CoV
values of MMEF and MEF50, but still clearly higher
than those of FVC, FEV1, and FEV1/FVC. The devia-
ting values in Rrs,FOT that were excluded could be due
to artefacts made consciously or subconsciously by the
subjects, e.g. by holding their breath. Seven out of 19
children had one or two Rrs,FOT values excluded, and
six children had three or four Rrs,FOT values excluded.

The mean values of spirometric indices did not vary
significantly between 2 days or the 2 weeks, and the
variation in these indices was mostly due to differences
between the subjects. In contrast, the "within-subjects"
proportion in the total variance was much larger in
Rrs, FOT values, and this result did not change by appli-
cation of the reliability index. This might have been due
to the higher overall sensitivity of Rrs,FOT to detect func-
tional changes both in the upper and lower respiratory
tracts due to pollen season among these symptomatic
children. A contribution of the pollen season was sug-
gested by the fact that the CoV of day-to-day variation
was larger in the first week, when the pollen counts
were higher, than in the second week.

In the exercise challenge test the maximal relative
changes were largest in Rrs,FOT. In addition, the ratio
of the mean maximal relative change to the CoV of the
baseline measurements was largest in Rrs,FOT, implying
that it was the most sensitive index for the detection of
functional changes in the exercise challenge test. How-
ever, the mean change from baseline Rrs,FOT values was
not statistically significant due to large between-subject
variation in responses. There were two children with
20% reductions in Rrs,FOT after the exercise. When these
two children were excluded, the mean change in Rrs,FOT
was statistically significant, and the mean (SD) of the
maximal relative changes in Rrs,FOT was 19 (24)%, (range
-0.1– 74%). Previous studies have shown that FOT can
also be used successfully in bronchial challenge tests
using histamine, methacholine and allergens in child-
ren [5, 20, 22, 23, 26]. However WILSON et al. [24]
found that in a methacholine test FOT was unreliable
compared to the measurement of transcutaneous oxy-
gen tension in 5 year old children.

The calculation of CoV is widely-used to describe the
repeatability of measurements. Therefore, we also used
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Table 5.  –  Lung mechanics in the exercise challenge tests conducted in 12 children

Indices                    Baseline values# CoV                        Max∆‡ Max∆/CoV
%                            %                          %

Rrs,FOT kPa·L-1·s 0.54 (0.16) 6.7 12.0 (26.6; -23–74) 1.8
FVC  L 2.56 (0.53) 2.7 -1.6 (3.5; -11–2.0) 0.6
FEV1 L 2.16 (0.40) 3.7 -3.4* (3.5; -11–15) 0.9
MMEF  L·s-1 2.41 (0.88) 9.8 -10.1* (8.1;–27–1.9) 1.0
AFV  L2·s-1 6.30 (2.72) 6.9 -8.2* (5.8; -22–0) 1.2

#: mean, and SD in parenthesis; ‡: mean value, and SD and range in parenthesis. CoV: coefficient of intra-
subject variation for the two immediately repeated baseline measurements before exercise; Max∆: maximal
relative change in the exercise challenge test. For further definitions see legend to table 1. *: p<0.05, sig-
nificance of the difference between the baseline value and the value after exercise.



it. This method is valid if the standard deviation is pro-
portional to the mean. In the present data, the differ-
ences in the repeated measurements of the spirometric
parameters were not proportional to the mean. Our Rrs,FOT
data were rather more suggestive of a proportional model.
However, we used an absolute rather than an propor-
tional difference as the reliability index in order to con-
trol the quality of the measurements: firstly, because
the difference was not clearly proportional to the mean;
and secondly, in dynamic measurement situations, such
as bronchial challenge tests, where the response changes
fast with time, this index can be applied immediately
to detect the maximal response within the limits of accep-
ted variability.

In conclusion, measurement of respiratory resistance
by means of the forced oscillation technique requires
only passive co-operation, and it is, therefore, well-sui-
ted for measurements among children. The variation in
Rrs,FOT values was larger than that of most spirometric
indices. However, when a reliability index was applied.
the immediate variation in Rrs,FOT values was compa-
rable to those of MEF50 and MMEF. Rrs,FOT was the
most sensitive parameter in the exercise challenge test,
and therefore it appears to be suitable for detection of
short-term functional changes in the respiratory system.
However, the relatively low repeatability of Rrs,FOT over
days and weeks may limit its applicability to longer-
term follow-ups.
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