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ABSTRACT: The purpose of this study was to determine whether the forced oscillation technique is more sensitive than spirometry to detect lung function alterations
in subjects with respiratory complaints.
The input impedance of the respiratory system (between 2 and 24 Hz) and maximal expiratory flows and volumes were measured in 1,255 subjects referred for routine spirometry. A questionnaire concerning respiratory complaints was administered.
A discriminant analysis was performed between subgroups of subjects without (137
males and 140 females), with moderate (115 males and 109 females) and with marked
respiratory complaints (149 males and 132 females). A clear-cut separation was
achieved by this analysis only between those subjects without and with marked complaints.
Both lung volumes and flows as well as impedance parameters (mean value and
frequency dependence of resistance in females, mean resistance in males) contributed
to the discrimination of subjects without and with marked respiratory complaints,
although there was only a moderate decrease of discriminative power when the
impedance parameters were excluded. The contribution of the forced oscillation
parameters to discriminative power was larger in females than in males (40 vs 19%),
which may be related to the higher prevalence of asthma in our population of
females. Excluding the subjects with marked functional impairment improved the
share of forced oscillation parameters only slightly with respect to lung volumes
and flows (females 54 vs males 23%). Considered separately, however, the sensitivity of spirometry and forced oscillation technique to detect symptomatic people
appeared to be similar.
We conclude that impedance measurements by forced oscillation technique and
routine spirometry are both associated with respiratory complaints. Our results
indicate that the information provided by impedance measurements can be complimentary to that obtained by spirometric indices.
Eur Respir J., 1996, 9, 131–139.

The forced oscillation technique has been developed
to study the impedance of the respiratory system. Although
the technique has been available since 1956 [1], it is still
not widely accepted in the routine lung function laboratories. One of the reasons for this is that the relevance of
finding abnormal airway impedance values is unclear.
Previous studies have shown that in patients with upper
airway obstruction [2], lower airway obstruction (asthma, chronic bronchitis and emphysema) [3], with restrictive lung disease due to diffuse interstitial lung disease
or a stiff chest wall [4, 5] there is a uniform pattern of
changes of resistance and reactance, i.e. an increase of
respiratory system resistance (Rrs) at low oscillatory frequencies, a negative frequency dependence of Rrs and
a decrease of respiratory system reactance (Xrs) at all
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frequencies between 2 and 32 Hz. These changes probably reflect the increase of the influence of the upper
airway shunt on the measurements, as a consequence of
an increase of the impedance of the respiratory system
[6–8], whatever its cause.
The lack of diagnostic specificity is a drawback of this
technique. However, the technique might be useful if it
were more sensitive than the conventional measurements
of lung function. The technique might then be used as
a nonspecific indicator, to detect incipient disorders of
lung function. The purpose of the present study was to
investigate, in a group of patients undergoing routine
spirometry, whether the forced oscillation technique is
more sensitive than spirometry to detect patients with respiratory complaints.
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Materials and methods
The forced oscillation data were collected with a computerized system developed by LÀNDSÉR and co-workers
[9]. The patient was seated and breathing quietly via a
screen pneumotachograph. A pseudorandom noise pressure signal, containing all harmonics of 2 to 24 Hz, was
applied at the mouth by means of a loudspeaker. To
reduce the shunt effect of the upper airways the patient
supported his/her cheeks with the hands.
Mouth pressure and airflow were recorded by identical differential transducers (Validyne MP45, ±0.2 kPa).
After analogue-to-digital conversion, the signal was
analysed by a Fourier transform. The characteristics of
the measuring device met the requirements of the technique as specified recently [10]. The accuracy of the
measurements was checked by means of several reference impedances, the value of which had been measured
by means of a wave tube [11]. A daily check of the calibration of the system was performed by one of these references. To eliminate the effect of breathing, the data
were high-pass filtered (cut-off frequency 1 Hz) and time
averaged over 16 s. Thus, the impedance of the respiratory system was calculated at 2, 4, 6,...,24 Hz. The
impedance (Zrs) is divided into a real part or resistance
(Rrs), in which flow is in phase with the pressure signal,
and an imaginary part or reactance (Xrs), in which flow
is 90˚ out of phase with the pressure signal.
To express the amount of noise on the pressure and
flow signal a coherence function was calculated at each
frequency investigated. Only the data with a coherence
function between 0.95 and 1.0 were retained. Because
at frequencies below 6 Hz the coherence function was
often below 0.95, we considered only the data obtained
between 6 to 24 Hz. In each subject, at least three measurements were performed. The mean of the three measurements was used for further evaluation, a weight factor
being applied for lacking data (in one or two of the three
recordings).
Spirometry was measured with a heated pneumotachograph (Hans Rudolph, model 3813). The output
signal of two pressure transducers (Validyne MP45 ±0.2
kPa) coupled in parallel was digitized at a sampling rate
of 125 Hz, and calculation of volumes and airflows was
performed with a personal computer and software developed in our laboratory. The system was calibrated twice
daily with a 3 L calibration syringe. Each subject performed two slow expirations and at least three forced
expirations until the acceptability and reproducibility
criteria of the American Thoracic Society (ATS) were
met or until a maximum of eight forced manoeuvres was
reached [12]. In each subject, vital capacity (VC), forced
expiratory volume in one second (FEV1) and maximal
expiratory flow at 50% actual VC (MEF50) were determined.
Each subject completed a standardized questionnaire
with the help of a laboratory assistant, concerning the
presence and intensity of respiratory complaints (cough,
expectorations and shortness of breath), smoking habits,
history of pulmonary or cardiac disease, and the use of
pulmonary medication.

Subjects
From December 1992 to April 1994 we investigated
1,255 subjects who were submitted to routine spirometry in our lung function laboratory. In addition to the
subjects with a definite pulmonary condition, many were
referred for a general check-up, e.g. preoperative or preventive examinations. Most of the latter subjects had no
particular respiratory complaints. For the present analysis, we compared three subgroups: subjects without any
respiratory complaint (Group A, from now on referred
to as "asymptomatic"); subjects with moderate and with
marked respiratory complaints (Group B and Group C,
referred to as "symptomatic"). People with a history of
cardiac disease (124 males and 62 females) were excluded, to reduce the possibility that shortness of breath might
be caused by a heart condition rather than by a pulmonary disease. The asymptomatic subjects with a history of
pulmonary disease or using pulmonary medication were
excluded. Smoking was not a criterion for exclusion. To
be marked, respiratory complaints (cough, expectorations
and/or shortness of breath) should have recurred at least
every 2 months. Symptomatic subjects with a history of
pulmonary disease or use of pulmonary medication were
not excluded.
A discriminant analysis on complaints was performed,
after exclusion of the outliers (see below), on 137 asymptomatic males versus 115 with moderate and 149 with
marked complaints, and on 140 asymptomatic females
versus 109 with moderate and 132 with marked complaints. Among the symptomatic subjects with marked
complaints, the majority (70% of the males and 65% of
the females) suffered from obstructive lung disease (asthma, chronic bronchitis and emphysema). This percentage dropped to 29 and 35% in males and females,
respectively, in the group with moderate complaints.
Asthma was a more frequent diagnosis in females than
in males: 35 versus 21% in the group with severe complaints. Biometric, spirometric and impedance parameters of the various groups are shown in tables 1 and 2.
Statistical analysis
The statistical procedures were performed with the
Statistical Analysis System (SAS) software package. To
describe the impedance data, the method described by
LÀNDSÉR and co-workers [13] was used: a fourth degree
polynomial function was fitted through the resistancefrequency and the reactance-frequency curves of each
individual:
Rrs (or Xrs) = a·f4 + b·f3 + c·f2 + d·f + e
where a, b, c, d, e are constants and f the oscillatory frequency.
Each curve is then characterized by five, statistically
independent parameters, i.e. the mean values of the resistance (Rrs(0)) and reactance (Xrs(0)) from 6 to 24 Hz,
the corresponding mean slope (first derivative: Rrs(1) and
Xrs(1)), the mean curvature (second derivative: Rrs(2) and
Xrs(2)), and the mean third and fourth derivatives. Prediction values of Rrs(0) to Rrs(4) and of Xrs(0) to Xrs(4) were
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Table 1. – Biometric, spirometric and impedance parameters of the males investigated, after exclusion of the outliers
(see text)

Age yrs
Height m
Weight kg
VC % pred
FEV1 % pred
FEV1/VC % pred
MEF50 % pred
Rrs(0) kPa·L-1·s
Rrs(1) kPa·L-1·s2
Xrs(0) kPa·L-1·s

Group A
Asymptomatic
n=137

Group B
Moderate complaints
n=115

Group C
Marked complaints
n=149

Duncan's
test

53±14
(21–83)
1.75±0.06
(1.58–1.90)
76.3±11.9
(50–110)
100.0±11.4
(74.3–127.7)
100.0±13.4
(63.5–132.8)
100.0±7.6
(80.1–116.5)
99.9±29.6
(34.5–190.4)
0.253±0.052
(0.149–0.396)
0.001±0.002
(-0.005–0.005)
0.044±0.032
(-0.045–0.127)

56±15
(19–82)
1.73±0.07
(1.56–1.90)
74.2±12.1
(46±110)
92.8±15.2
(37.1–125.6)
86.8±23.1
(24.0–129.2)
92.5±16.9
(36.4–116.0)
81.8±39.4
(5.6–161.3)
0.291±0.087
(0.151–0.597)
-0.002±0.005
(-0.019–0.005)
0.002±0.082
(-0.258–0.109)

55±16
(18–87)
1.72±0.07
(1.56–1.88)
75.2±12.3
(49–110)
89.2±17.3
(44.8–133.9)
71.8±24.8
(20.5–124.0)
79.4±19.8
(32.5–121.6)
54.6±35.6
(5.5–185.5)
0.345±0.101
(0.151–0.752)
-0.006±0.007
(-0.047–0.005)
-0.060±0.111
(-0.421–0.180)

A, B, C
p=0.20
A - B, C
p=0.003
A, B, C
p=0.37
A - B, C
p=0.0001
A-B-C
p=0.0001
A-B-C
p=0.0001
A-B-C
p=0.0001
A-B-C
p=0.0001
A-B-C
p=0.0001
A-B-C
p=0.0001

Values are presented as mean±SD, and range in parenthesis. n: number of subjects; VC: vital capacity; FEV1: forced expiratory
volume in one second; MEF50: maximal expiratory flow at 50% VC; % pred: predicted according to the asymptomatic males of
the present study; Rrs(0), Xrs(0): mean resistance and reactance, respectively; Rrs(1): slope of the resistance-frequency curve. Duncan's
multiple range test: dashes indicate significant difference between groups.
Table 2. – Biometric, spirometric and impedance parameters of the females investigated, after exclusion of the outliers (see text)

Age yrs
Height m
Weight kg
VC % pred
FEV1 % pred
FEV1/VC % pred
MEF50 % pred
Rrs(0) kPa·L-1·s
Rrs(1) kPa·L-1·s2
Xrs(0) kPa·L-1·s

Group A
Asymptomatic
n=140

Group B
Moderate complaints
n=109

Group C
Marked complaints
n=132

Duncan's
test

58±14
(21–81)
1.61±0.07
(1.45–1.77)
68.2±11.2
(45–97)
100.0±12.2
(72.0–133.1)
100.0±12.4
(68.1–129.9)
100.0±6.6
(82.3–112.7)
100.0±25.3
(47.1–166.3)
0.312±0.068
(0.177–0.514)
0.001±0.003
(-0.007–0.008)
0.037±0.049
(-0.094–0.147)

54±17
(18–79)
1.60±0.06
(1.47–1.77)
66.1±13.2
(39–100)
94.6±16.3
(55.4–142.5)
91.1±19.8
(33.1–129.5)
95.8±11.6
(56.1±118.9)
83.1±39.3
(8.0–198.2)
0.349±0.090
(0.170–0.657)
-0.001±0.006
(-0.022–0.014)
0.001±0.092
(-0.291–0.176)

52±17
(18–86)
1.60±0.07
(1.42–1.78)
65.3±12.2
(35–100)
87.4±17.6
(24.5–132.7)
78.2±20.5
(25.7–112.9)
88.7±13.8
(41.1–118.5)
61.7±30.5
(5.5–132.1)
0.400±0.104
(0.158–0.839)
-0.004±0.007
(-0.036–0.007)
-0.046±0.116
(-0.527–0.135)

A-C
p=0.007
A, B, C
p=0.58
A, B, C
p=0.13
A-B-C
p=0.0001
A-B-C
p=0.0001
A-B-C
p=0.0001
A-B-C
p=0.0001
A-B-C
p=0.0001
A-B-C
p=0.0001
A-B-C
p=0.0001

Values are presented as mean±SD, and range in parenthesis. % pred: predicted according to the asymptomatic females of the present study. For further abbreviations see legend to table 1.
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Xrs kPa·L-1·s
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0.1
0
-0.1
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6
b)
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0.5
58 yrs 68 kg, 1.61 m

Rrs kPa·L-1·s

0.4
0.3
0.2
0.1
0
6

12
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0.3
58 yrs 68 kg, 1.61 m

Xrs kPa·L-1·s

0.2
0.1

calculated by submitting each of these parameters obtained from the asymptomatic subjects to a multiple regression analysis as a function of sex, age, height and weight.
Only those factors which had a significant influence on
the predicted values were retained. The coefficients of
the prediction equations for Rrs(0), Rrs(1) and Xrs(0) are
given in Appendix I. In a previous study, we calculated
prediction equations from a population consisting of
healthy nonsmoking adults, recruited from outside the
hospital [14]. The equations differ mainly on the fact
that age was not included as a predictor. This is because
the age span in the previous study was smaller than in
the present population. Both prediction equations yield
similar values for a subject with the mean age, height
and weight of the groups investigated (fig. 1).
To prevent outliers from influencing the prediction equations of the asymptomatic group, the variables: age, weight,
height, spirometric and impedance values (difference
between predicted and measured value) were checked for
extreme values. Subjects were excluded from the asymptomatic population if one of or more of these values departed by more than 3 standard deviations (SD) from the mean.
This resulted in the exclusion of 34 males and 26 females.
In the symptomatic groups, subjects with an age, weight
or height outside this range (mean of the asymptomatic
subjects ±3 SD of the asymptomatic subjects) were also
excluded from the discriminant analysis, to prevent the
possibility that differences in the spirometry and impedance parameters would result from biometric differences
between symptomatic and asymptomatic subjects. The
values of VC and FEV1 of our asymptomatic subjects,
especially of females, were markedly higher than the reference values of the European Community for Steel and
Coal [15] (table 3). We therefore calculated our own prediction equations based on the spirometric values of the
asymptomatic group (Appendix II). Figure 2 shows the
distribution of the values of FEV1 (as percentage of predicted value) in the subjects without and with marked
complaints. Canonical discriminant analysis between
asymptomatic subjects and patients was performed with
backward elimination of variables. Spirometry and airway impedance parameters were included in the full
model. The variables were expressed as the difference
between the measured and the predicted value: ∆VC,
∆FEV1, ∆FEV1/VC, ∆MEF50, ∆Rrs(0), ∆Rrs(1) and ∆Xrs(0).
Only those variables which were significant at a 5% level,
were retained. The contribution of each variable to the
discriminant function was determined by calculating the

0
Table 3. – Average of spirometry values as predicted
according to QUANJER [15], in the three groups of subjects: Group A - asymptomatic; Group B - moderate complaints; Group C - marked complaints

-0.1
-0.2
6

12

18

24

Frequency Hz
Fig. 1. – Comparison of examples of formerly published [14] and present prediction equations for Rrs and Xrs versus frequency. Xrs and Rrs
vs frequency curves for a) a man and b) a women with the average age,
height and weight of the asymptomatic subjects investigated. Rrs: resistance of respiratory system; Xrs reactance of respiratory system
: current prediction.
: prediction of PASKER et al. [14];

Sex
Males
Females

Group
A
B
C
A
B
C

VC
% pred
105
102
94
115
113
100

FEV1
% pred
104
93
75
114
105
89

For abbreviations see legend to table 1.

FEV1/VC
% pred
99
89
79
103
96
91

MEF50
% pred
83
65
46
90
73
57
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0
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6
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6
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Frequency Hz

24

0.3

50
0.2
Xrs kPa·L-1·s

Distribution n

40
30
20

0.1
0
-0.1

10

-0.2

0
100
75
50
FEV1 % pred

125

150

Fig. 2. – Distribution of the values of FEV1 (in % of predicted value)
in asymptomatic subjects and subjects with marked complaints: a) male;
b) female. Class intervals of 10%.
: symptomatic;
:
asymptomatic. FEV1: forced expiratory volume in one second.

standardized canonical coefficients and by comparing the
ratio of each coefficient to the sum of the absolute values
of these coefficients.
In subjects with strongly reduced spirometric values,
the forced oscillation technique yields abnormal values
but does not give additional information to detect a pathological condition: the spirometric values are sufficient to
classify a subject as a patient [16]. Therefore, a discriminant analysis was repeated after exclusion of the
subjects with a marked functional impairment. We chose
to delete all subjects with a FEV1 <70% pred. This limit
is approximately that of the lowest FEV1 values found
in asymptomatic subjects (fig. 2).
Results
The comparison of the mean values of spirometry and
forced oscillation parameters showed a progressive deterioration with severity of complaints: VC, FEV1, MEF50,
Xrs(0) decreased, Rrs(0) increased, and the frequency
dependency of resistance became negative. The differences between asymptomatic subjects (Group A), and
patients with moderate (Group B) and marked complaints
(Group C) were statistically significant (tables 1 and 2).
The average resistance and reactance versus frequency
curves of the asymptomatic subjects and of the group
with marked complaints are presented in figure 3. A

b)

0.5
0.4

Rrs kPa·L-1·s

25

0.3
0.2
0.1
0
0.3
0.2

Xrs kPa·L-1·s

0

0.1
0
-0.1
-0.2

Fig. 3. – Average Rrs and Xrs versus frequency curves of asymptomatic subjects, and subjects with marked complaints (all subjects and
subjects with FEV1 ≥70% predicted). a) males; b) females.
:
Group A - asymptomatic;
: Group C - FEV1 ≥70% pred;
: Group C - all patients. For abbreviations see legends to
figures 1 and 2.
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canonical discriminant analysis between Groups A and
B considering both spirometric and oscillation variables
yielded values of R2 of 0.14 and 0.19 in males and
females, respectively. This implied that the presence of
complaints explained only 14–19% of the difference (variance) between the two groups. When only spirometry
or forced oscillations were considered, R2 dropped to
0.10 and 0.13, respectively, in males and to 0.16 and 0.10,
respectively, in females. Although these R2 values were
still statistically significant, the overlapping of lung function variables between people with and without complaints was very large. The functional alterations were
only loosely linked with complaints.
On the other hand, when the subjects of Group A were
compared with those of Group C, the discriminant analysis yielded higher values of R2: 0.38 for both sexes (table
4). The variables retained by the analysis differed for
men and women. The significant variables in males were
∆VC, ∆FEV1 and ∆Rrs(0), and in females, ∆MEF50,
∆Rrs(0) and ∆Rrs(1) (∆MEF50 may be replaced by a combination of ∆VC and ∆FEV1 in females without loss of
discriminant power; similarly, in the same group, Xrs(0)
may replace Rrs(1); this is due to the tight correlation
between the latter variables (R2=0.92)). Comparing
spirometry and forced oscillation parameters, the spirometry parameters accounted for the major part of the discrimination (for approximately 81% in males and 60%
in females). The impedance parameters accounted for the
remaining 19% in males and 40% in females (table 4).
Table 4. – Relative contribution (%) of the different variables in the discriminant function between asymptomatic
subjects (Group A) and patients with marked complaints
(Group C), when all patients were considered and when
patients with marked functional impairment (FEV1 <70%
pred) were excluded.
All

Males
FEV1 >70% pred

Spirometry and forced oscillations
∆VC
24%
34%
∆FEV1
57%
43%
∆MEF50
--∆Rrs(0)
19%
23%
∆Rrs(1)
--R2
0.38
0.23
Spirometry only
∆VC
27%
39%
∆FEV1
73%
61%
∆MEF50
--R2
0.35
0.18
Forced oscillations only
∆Rrs(0)
37%
47%
∆Xrs(0)
63%
53%
∆Rrs(1)
--R2
0.30
0.17

All

Females
FEV1>70% pred

--60%
20%
20%
0.38

--46%
26%
28%
0.31

-38%
62%
0.36

-43%
57%
0.26

49%
51%
-0.26

53%
47%
-0.22

--: absence of contribution of variable to discriminant function.
∆: difference between measured and predicted. For further
abbreviations see legend to table 1. (∆MEF50 may be replaced
by a combination of ∆VC and ∆FEV1 in females without loss
of discriminant power; similarly, in the same group., Xrs(0)
may replace Rrs(1); this is due to the tight correlation between
the latter variables (R2=0.92)).

The discriminant functions could be used to calculate
a score for each subject of Group A and C. This allowed
estimation of the specificity and the sensitivity of the discriminant function. When the specificity of the function
was set to 95% (only 5% of the asymptomatic subjects
yielded an abnormal score) the sensitivity was 65% for
males and 59% for females. This means that among the
subjects of Group C, 65 and 59% of males and females,
respectively, would be diagnosed by the function. After
exclusion of the 104 subjects with marked functional
impairment (FEV1 <70% pred), R2 decreased to 0.23 in
males and 0.31 in females (table 4). The selected variables were the same. For a specificity of 95%, the sensitivity was 43% for males and 44% for females. One
would expect, if the forced oscillation parameters are
better predictors of incipient disease than spirometry, that
the spirometry variables would disappear or at least become less significant in the discriminant function when
subjects with marked functional impairment were excluded. This is hardly the case: in males the spirometry
parameters still accounted for 77%, and in females for
46%, of discriminative power.
When the calculations were repeated without the forced
oscillation parameters, the values of R2 were but slightly
affected (table 4). A sensitivity of 64% in males and
50% in females (specificity of 95%) was obtained when
all subjects were considered. Excluding the subjects with
marked functional impairment (FEV1 <70% pred) yielded
a sensitivity of 34% for males, 33% for females. Alternatively, when only the forced oscillation parameters were
used, a sensitivity of 64 and 52% was found in males
and females, respectively. It dropped to 37% in males,
32% in females when only subjects with FEV1 >70%
pred were considered.
Discussion
In the present study, we used as reference values for
the impedance parameters and for spirometry the values
measured in the asymptomatic subjects. Comparison of
the impedance values of the latter subjects with those
measured in a group of healthy nonsmokers, published
previously, yielded similar values (fig. 1). For the spirometric data, we planned originally to use the prediction
equations of QUANJER [15]. However, the measured values of VC and FEV1 were on average larger, especially
in women, than those expected in a normal population
(table 3). It is unlikely that our normal population was
supernormal, since it consists of hospital patients (inand out-patients) and smokers were not excluded. The
measuring device was calibrated regularly and, as far as
the spirometric technique was concerned, the recommendations of the ATS [12] were followed. QUANJER [15]
points out that there are marked discrepancies in predicted values between authors, possibly due to differences among the populations investigated. A generation
effect may also play a role, since the reference values of
QUANJER [15] are based on studies performed at least 15
yrs ago. A preliminary comment originating from the
multicentre study of the European Respiratory Society
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on chronic obstructive pulmonary disease [17] similarly
mentions that the average FEV1 of healthy individuals
screened for that study is larger than predicted by the
original ECSC equations [18].
To investigate the problem of the sensitivity of airway
impedance, as compared to spirometry, to detect lung
disease in an early stage, a long term follow-up study in
a large number of subjects should be set up. Because
of the difficulties of this approach, groups of subjects
have been studied with a high prevalence of incipient
lung disease. Several studies were performed comparing healthy smokers and nonsmokers.
Conflicting results were published: some authors found
that the forced oscillation technique was a sensitive tool
to detect smokers [19–21], whilst others suggested that
this was not the case [5, 22]. In occupational medicine,
the forced oscillation technique was found to be useful
in addition to spirometry to investigate subjects exposed
to respiratory irritants [23, 24]. In the present study, we
compared the ability of spirometry and of the forced
oscillation technique to discriminate between subjects
with and without respiratory complaints. Indeed, it is
probable that subjects with respiratory complaints are
more likely to have or to develop lung function abnormalities than those who never had complaints.
Study of two groups of patients, with moderate and
marked complaints respectively, showed that, with respect
to asymptomatic subjects, the severity of the complaints
was accompanied by a progressive deterioration in the
values of spirometry and of forced oscillations. However,
it was only when the complaints were marked that a discriminant function yielded a satisfactory separation between asymptomatic and symptomatic subjects. We
treated males and females separately and found that in
both sexes there was a significant contribution of the
impedance parameters to the discriminant function, but
that the contribution of spirometry was more important.
Even when subjects with marked functional impairment
were excluded, the spirometry parameters remained important for the separation of symptomatic and asymptomatic
subjects. An earlier study performed in this laboratory
by CLÉMENT et al. [16], in which healthy males were
compared with symptomatic male patients showed that
forced oscillation parameters alone were able to discriminate between subjects with and without respiratory
complaints. The discrimination was best for chronic
obstructive pulmonary disease (COPD) patients with a
FEV1 value of less than 50% pred (all subjects were classified correctly, when the specificity of the test was set to
95%), whereas only 53% of symptomatic males with a
FEV1 >50% pred were classified correctly. The present
results are in keeping with those found by CLÉMENT et
al. [16]: when we used the same group division and only
forced oscillation parameters were entered into the discriminant function, an almost equal percentage of symptomatic males were classified correctly (52% of males
with FEV1 value >50% pred). CLÉMENT et al. [16] observed
a moderate improvement of sensitivity when FEV1 was
added to the discriminant function, FEV1 contributing
18% to the function. The opposite procedure applied here
of using spirometry parameters alone showed that the
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latter were able to discriminate between subjects with and
without respiratory complaints and that adding the forced oscillation parameters to the discriminant function
resulted in only limited improvement of the sensitivity
of the function. In this case, among the impedance parameters, it was the average level of resistance which added
most to the discriminative power both in males and
females, the slope of resistance contributing significantly to the function only in females. CLÉMENT et al. [16]
found that the slope of resistance and the average reactance discriminated better than the average resistance.
We could not confirm this finding.
Among the subjects with marked complaints, a number had markedly reduced values of spirometry. Keeping
the latter subjects for the discriminant function necessarily influences the results, since the subjects with clearly
reduced lung function are very likely to have severe complaints. The latter subjects are not suited for the study
of the relative sensitivity of spirometry and of the forced
oscillation technique, since in the presence of advanced
airway obstruction the spirometric and forced oscillation
data are both abnormal [16]. One problem was to decide
what criterion should be used to select symptomatic subjects comparable to asymptomatic ones. The distribution of the FEV1 values in the latter subjects showed that
absence of complaints was observed in males and females
down to an FEV1 value of approximately 70% pred. This
limit was, thus, used for the selection of the group of
patients. The corresponding limit for FEV1/VC was
about 80% pred. In this group with normal or minimally
reduced FEV1, spirometry proved to be superior to the
forced oscillations, when both techniques were used in
combination, to discriminate between males with marked
and without respiratory complaints (table 4). In females,
spirometry and the forced oscillation technique contributed to the discriminant function to nearly the same extent.
On the other hand, when spirometry and forced oscillation technique were used separately, the latter technique
could replace spirometry without a marked loss of discriminative power. The forced oscillation technique
might, thus, replace spirometry in the detection of incipient functional alterations, when spirometry is not applicable.
The fact that spirometry and the forced oscillation technique both contribute significantly to the discriminant
function in separating subjects with and without complaints indicates that the two measurements yield independent information and may select out different subjects.
This is illustrated by the analyses performed separately
on spirometry and forced oscillations variables: among
the 177 subjects with marked complaints and with FEV1
≥70% pred, 90 were classified correctly as patients by
the discriminant analyses: 30 on the basis both of spirometry and forced oscillations; 29 on the basis of spirometry alone; and 31 on the basis of forced oscillations
alone. This might be explained, in part at least, by differences in sensitivity, for instance, to detect an obstruction at different levels in the bronchial tree. Even though
most of our patients suffered from obstructive lung disease, it is known that in subjects with asthma, chronic bronchitis and emphysema, who have a comparable degree of
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airway obstruction, the forced oscillation parameters are
most abnormal in subjects with asthma and chronic bronchitis [3]. This is in keeping with the results of WESSELING
and WOUTERS [25], who found the impedance to be abnormal in 70% of subjects with chronic bronchitis in the
presence of normal spirometry (FEV1 ≥70% pred), and
of GOVAERTS et al. [26], who found impedance to be normal in a group of subjects with early emphysema and
with altered spirometry. Differences in prevalence in the
type of obstructive lung disease (more asthma in our
group of females than in males) probably explain the
larger diagnostic importance of forced oscillations and
of spirometry in females and males, respectively.
Appendix I
Prediction equations for the average resistance (Rrs(0)),
average reactance (Xrs(0)) and slope of resistance to frequency (Rrs(1)), and the residual standard deviation (RSD).
H=height (m), W=weight (kg), A=age (yrs)
Rrs(0) and Xrs(0) in kPa·s·L-1, Rrs(1) in kPa·s2·L-1
Male
Rrs(0) = -0.2454·H + 0.001564·W - 0.00055·A + 0.5919
(RSD = 0.0493)
Rrs(1) = 0.00842·H - 0.000047·W - 0.000018·A - 0.0095
(RSD = 0.00197)
Xrs(0) = 0.1479·H - 0.000402·W - 0.00022·A - 0.1721
(RSD = 0.0306)
Female
Rrs(0) = -0.4300·H + 0.00165·W - 0.00070·A + 0.9312
(RSD = 0.0619)
Rrs(1) = 0.01176·H - 0.000106·W - 0.000045·A - 0.00817
(RSD = 0.00256)
Xrs(0) = 0.2487·H - 0.001700·W - 0.00053·A - 0.2158
(RSD = 0.0406)

2.

3.

4.

5.

6.
7.
8.
9.

10.

11.

12.

13.

Appendix II
Prediction equations based on the asymptomatic subjects of the present study.
H=height (m), A=age (yrs), volumes in L, flows in L·s-1,
FEV1/VC in %, RSD=residual standard deviation
Male
VC = 5.93·H - 0.022·A - 4.46
RSD = 0.540
FEV1 = 4.17·H - 0.027·A - 2.20
RSD = 0.481
RSD = 5.78
FEV1/VC = 88.04 - 0.21·A
MEF50 = 3.10·H - 0.047·A + 0.95
RSD = 1.124
Female
VC = 3.9·H - 0.023·A - 1.73
RSD = 0.399
FEV1 = 2.9·H - 0.025·A - 0.61
RSD = 0.323
FEV1/VC = 90.59 - 0.18·A
RSD = 5.27
RSD = 0.816
MEF50 = 2.96·H - 0.038·A + 0.74
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