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ABSTRACT:  Monodisperse aerosol particles can be used to non-invasively probe
intrapulmonary airspace dimensions.  In this study, the aerosol-derived airway
morphometry technique was used to study airspace dimensions in 79 healthy sub-
jects, in order to assess reference data for the future clinical application of aerosol-
derived airway morphometry, and to investigate the effect of lung inflation,
anthropometric, and lung function parameters on aerosol-derived airway mor-
phometry.

Intrapulmonary airspace dimensions were assessed by measuring the deposition
of monodisperse, hydrophobic submicron aerosol particles during breathholding.
Additionally, measurements of spirometric and body plethysmographic lung func-
tion were performed.

Airspace dimensions were in good agreement with morphometric lung data.
Airspace dimensions increased with increasing lung inflation.  Interindividual vari-
ation of airspace dimensions was lowest in the lung periphery, at high levels of
lung inflation, and when the volumetric lung depth was normalized to the end-
inspiratory lung volume.  Analysis of variance showed an increase of airspace
dimensions with age.

The results of this study indicate that aerosol-derived airway morphometry is
dependent on the level of lung inflation and the age of the subject.  These results
suggest that in contrast to conventional lung function techniques, aerosol-derived
airway morphometry might be a powerful tool for the detection of small changes
in peripheral airway geometry.
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Monodisperse aerosol particles can be used to non-
invasively probe intrapulmonary airspace dimensions.
The validity of airspace dimensions assessed by this tech-
nique was studied in excised human lungs [1], dog lungs
[2, 3], and physical models [4].  This technique has been
used to detect structural changes in lungs of patients with
coal-miners' pneumoconiosis [5], and patients with chronic
obstructive pulmonary disease (COPD) [6–8].   How-
ever, the experimental conditions differ considerably from
study to study.  In particular, the breathing manoeuvre used
for the measurement of airspace dimensions has varied
and is assumed to be responsible for some contradic-
tory results.  If the entire scope of diagnostic capabili-
ties of this technique is to be utilized, efforts should be
made to standardize the experimental conditions.

In this study, the single-breath concentration technique
[9,10] was used to study aerosol-derived airway mor-
phometry (ADAM) in 79 healthy subjects, in order to
establish reference values for a future clinical applica-
tion of this technique.  The reproducibility of the results
over time was tested in two subjects over a period of 6
months.  Since lung volumes of patients with lung dis-
ease are often altered, the influence of lung inflation on
airspace dimensions was taken into account [11], and
data were assessed at three levels of lung inflation.

Additionally, the relationship between airspace dimen-
sions and anthropometric data, as well as parameters
obtained from conventional lung function tests (spiro-
metry and body plethysmography), were studied.

Methods 

Subjects 

Seventy nine subjects (38 males and 41 females) were
included in the study.  They were classified into four age
groups in order to achieve an even age distribution: 20–29
yrs (20 subjects); 30–39 yrs (20 subjects); 40–49 yrs (20
subjects); and 50–60 yrs (19 subjects).  Anamnestic data
were collected using a questionnaire based on American
Thoracic Society (ATS) recommendations [12].  Subjects
were excluded from the study if they were active smok-
ers or had smoked in the past more than 4 pack-years,
or when there was any hint of respiratory or cardiovas-
cular disease or atopy.  Informed written consent was
obtained from each subject.  The protocol was approved
by the Ethics Committee of the Medical School of the
Ludwig-Maximilians University (Munich, Germany).



Aerosol-derived airway morphometry (ADAM)

Monodisperse aerosol particles settle in calm air with
a constant settling velocity (Vs).  Within a porous medium,
this gravitational motion leads to particle loss at inner
surfaces, and the particle concentration is reduced with
increasing time.  Particle loss rate is high if the particles
are located in a medium with small airspace dimensions,
and particle loss rate is low in a medium with large
dimensions.  The decline in particle number concentra-
tion as a function of time can be used to calculate air-
space dimensions [9].

This phenomenon can be used to non-invasively mea-
sure intrapulmonary airspace dimensions.  Lungs were
filled with aerosol particles of uniform number concen-
tration by a tidal inspiration of a monodisperse aerosol.
The inspired tidal volume can be considered to be com-
posed of infinitesimally small volume elements, which
penetrate to different volumetric lung depths (Vp).  During
a breathholding period (tp), the particles settle onto air-
way surfaces, and the particle number concentration in
each volume element decreases.  This reduction of aerosol
concentration in each volume element can be measured
by assessing the particle-recovery ratio (R) as a function
of breathholding time (fig. 1).  Recovery is defined as
the ratio of particle number concentration in an exhaled
volume element, and the concentration in the inhaled
aerosol.

The relationship R = f(t p) can be studied theoreti-
cally by considering either a model of randomly oriented
identical tubes [13], or a chord-length model [2].  For
both models:

R = exp(-1.27 Vs tp / EAD)               (1)

Effective airspace dimension (EAD) is calculated for
each volumetric lung depth Vp by fitting an exponen-
tial function to the relationship between the various

recovery values, measured for each lung depth, Vp, and
the corresponding breath holding times tp.  For the tube
model, EAD represents the tube diameter.  In the proxi-
mal lung, EAD therefore represents the diameter of
conducting airways.  Since these airways at each lung
depth are not identical tubes, EAD is called the effec-
tive airspace dimension.  For the chordlength model,
EAD characterizes the mean distance between the walls
of a porous medium.  In the peripheral lung, EAD is
closely related to the mean linear intercept usually used
to characterize peripheral lung geometry [2].

To compare EAD among subjects with different lung
size, lung depth must be normalized:

V p,r = Vp/VL (2)

where VL is the end-inspiratory lung volume at which
the breathholding manoeuvre is performed [11].

Instrumental set-up and inhalation protocol

ADAM requires the measurement of the particle num-
ber concentration in the respired air as a function of the
air volume.  Both values, particle number concentration
and air volume, are provided by the respiratory aerosol
probe which is an on-line, open-flow system combining
aerosol photometry and pneumotachography [14].

Subjects sat in front of the respiratory aerosol probe
in an upright position.  The extrathoracic dead space of
the subject was reduced by a silicone dental compound,
which filled part of the oral cavity and was connected
to the mouthpiece of the respiratory aerosol probe.

After a few tidal breaths at functional residual capac-
ity, the subject exhaled 50% of the expiratory reserve
volume (ERV), as determined by body plethysmography.
By use of computer controlled pneumatic air valves, the
inspiration channel was then switched from supplying
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Fig. 1.  –  Principles of aerosol derived airway morphometry.  a) Particle number concentration as a function of the respired volume; and b) aerosol
recovery as a function of the breathholding time.  Vj: different volumetric lung depths; Ce,k: particle number concentrations measured in a certain
volumetric lung depth for different breathholding times tk; Ci: average particle number concentration during inhalation.
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clean air to supplying aerosol, and the subject inhaled
the aerosol volume:

Va = 0.5 ERV + f TLC - ITGV          (3)

at a constant airflow rate of 250 mL·s-1.  The required
flow rate was achieved by watching a visual airflow sig-
nal.  f is a fraction of total lung capacity (TLC), ITGV
is the intrathoracic gas volume.   For each subject, ADAM
was assessed at three different levels of lung inflation,
i.e. for end-inspiratory lung volumes of 50, 70 or 85%
TLC (f= 0.5, 0.7 or 0.85).  After a certain breathhold-
ing time tp, the subject exhaled below functional resi-
dual capacity (FRC) with the same flow rate (fig. 2).
This manoeuvre was performed for tp = 2, 4, 6, 8, 10,
12, 14, 16 and 18 s.  Using the particle concentration
data recorded at volume intervals of 0.5 mL, aerosol
recovery was calculated for the volumetric lung depths
of Vp = 100, 150, 200, 250, 300, 400, 500, 600, 700 and
800 mL, and the relative volumetric depths of Vp,r =
0.02, 0.04, 0.06, ..., 0.30.  All volumes were corrected
to body temperature, atmospheric pressure and satura-
tion with water vapour (BTPS).

Particle generation and classification

Monodisperse di-2-ethylhexyl sebacate (DEHS) droplets
suspended in nitrogen were produced by heterogeneous
nucleation of DEHS vapour on NaCl nuclei, and then
diluted with air.  The terminal Vs of the droplets was
measured in a convection-free sedimentation chamber.
The average Vs throughout this study was 23±2 µm·s-1

corresponding to an average geometrical droplet dia-
meter of 0.84 µm.

Lung function test

Each subject underwent conventional lung function
tests before the ADAM measurements.  Lung function was
assessed in a constant volume body plethysmograph
with integrated spirometer (Masterlab, Jäger, Würzburg,

FRG) [15, 16].  Three maximal forced expirations were
recorded, and the flow-volume curve which yielded the
highest sum of forced expiratory volume in one second
(FEV1)  and vital capacity (VC) was selected for analy-
sis.  The following parameters of interest were included
in the data analysis:  specific airway resistance (sRaw),
TLC, residual volume (RV), ITGV, VC, ERV, peak expir-
atory flow (PEF), FEV1, and the maximal expira-
tory flows at 25, 50 and 75% vital capacity (MEF25, MEF50,
MEF75).  Predicted values for conventional lung func-
tion parameters were calculated by normalization to the
reference values proposed by the European Coal and
Steel Community [15].

Data analysis

In order to compare results of ADAM with morpho-
metric data from the lung, the symmetrical lung models
described by WEIBEL [17] and YEH and SCHUMM [18]
were scaled isotropically to 70% TLC and the volume
of the instrumental dead space (20 mL) was added.

For each volumetric lung depth the intrasubject vari-
ability of EAD was quantified by calculating the rela-
tive standard deviation, s (standard deviation divided by
the mean of the repeated EAD measurements from one
subject for each lung depth).  Intersubject variability was
quantified by the standard deviation of EAD measured
in all subjects divided by the mean value of EAD (rel-
ative population standard deviation, σ).

To assess correlations between EAD and anthropo-
metric parameters or parameters of conventional lung
function tests, it must be kept in mind that such corre-
lations are possibly masked by partial correlations among
these parameters.  In order to take such partial correla-
tions into consideration, a linear multiple regression was
calculated.  The following linear model was assumed:
EADX = f (gender, age, height, weight, TLC, RV, VC,
ERV, FEV1, MEF25, MEF50, MEF75, PEF, sRaw).  The
influence of each of these parameters on EAD was ad-
justed for the influence of any other parameter.  Multiple
regression analysis was performed using the SAS-
software package on an IBM 4381 computer (operating
system CMS).  Results were considered to be statisti-
cally significant at error levels of p less than 0.01.

Results

Table 1 summarizes the anthropometric and lung func-
tion parameters of the study population.  Table 2 shows
the median, 5th percentile, and 95th percentile of EAD
measured for each relative lung depth.  EAD as a func-
tion of relative volumetric lung depth measured at 70%
TLC is illustrated in figure 3.  For shallow lung depths
(Vp,r = 0.02) the mean EAD is about 3 mm.  With increas-
ing lung depth, EAD decreases rapidly and then, beyond
Vp,r = 0.10, EAD remains nearly constant at about 0.27
mm.  The morphometric data of WEIBEL [17] and YEH

and SCHUMM [18] show reasonable agreement with these
experimental data.  However, in shallow lung depths, the
measured EAD to Vp,r relationship is less steep than
expected from the lung models.  In the lung periphery,
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Fig. 2.  –  Schematics of the inhalation protocol. f:  a fraction of total
lung capacity (TLC); FRC: functional residual capacity; ERV: expira-
tory reserve volume.



for volumetric lung depths beyond Vp,r = 0.1, EAD is
somewhat smaller than the morphometrically assessed
airspace size.

In order to assess the variability of ADAM over time,
EAD was measured three times a month over a period
of 6 months for two of the subjects.  Table 3 shows the
relative standard deviation, s, over all 18 measurements
of EAD obtained from both subjects at each volumetric
lung depth.  Relative standard deviation is highest in
shallow lung depths and decreases with increasing lung
depth.  For relative volumetric lung depths beyond Vp,r
= 0.2, relative standard deviation again increases.  Ex-
cept for very shallow lung depths, variability of EAD
was in the order of 10%.

Figure 4 shows mean EAD obtained at three different
levels of lung inflation.  Figure 4a shows EAD as a func-
tion of the absolute volumetric lung depth, Vp; and fig-
ure 4b shows EAD as a function of the relative volumetric
lung depth, Vp,r.  EAD as a function of Vp shows a much
higher dependency on lung inflation than EAD as a
function of Vp,r. EAD measured at 85% TLC is in all
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Table 1.  –  Anthropometric and lung function parame-
ters of the study population

Parameter Mean % pred

Age  yrs 39±11
Height  m 1.72±0.09
Weight  kg 68±11
TLC    L 6.3±0.09 103
RV      L 1.6±0.4 88
VC      L 4.6±1 109
FEV1 L 3.7±0.8 108
MEF25 L·s-1 1.7±0.6 89
MEF50 L·s-1 4.6±1.3 100
MEF75 L·s-1 7.7±1.8 110
PEF     L·s-1 9.6±2.7 117
sRaw kPa·s-1 0.59±0.14

Relative values of lung function parameters are given as per-
centage of the predicted value (% pred), [15].  Values are pre-
sented as mean±SD.  TLC: total lung capacity; RV: residual
volume; VC: vital capacity;  FEV1: forced expiratory volume
in one second; MEF25, MEF50 and MEF75: maximal expira-
tory flow at 25, 50 and 75% VC, respectively;  PEF: peak expir-
atory flow;  sRaw: specific airway resistance.

Table 2.  –  Effective airspace dimension (EAD) as a
function of relative volumetric lung depth (Vp,r) measured
in 79 healthy subjects at different levels of lung inflation,
expressed as percentage of total lung capacity (TLC)

Vp,r Median 5th perc. 95th perc.
mm mm mm

50% TLC
0.02 2.840 1.680 8.52
0.04 1.160 0.579 1.908
0.06 0.661 0.429 1.004
0.08 0.480 0.332 0.694
0.10 0.392 0.286 0.527
0.14 0.308 0.240 0.399
0.18 0.269 0.215 0.345
0.22 0.248 0.196 0.323
0.26 0.235 0.183 0.304
0.30 0.231 0.173 0.302

70% TLC
0.02 2.810 1.191 7.171
0.04 0.961 0.622 1.681
0.06 0.593 0.443 1.003
0.08 0.478 0.357 0.683
0.10 0.403 0.308 0.590
0.14 0.345 0.259 0.484
0.18 0.305 0.227 0.419
0.22 0.276 0.215 0.396
0.26 0.273 0.193 0.369
0.30 0.258 0.192 0.372

85% TLC
0.02 1.842 0.829 3.257
0.04 0.896 0.548 1.472
0.06 0.573 0.404 0.773
0.08 0.465 0.343 0.603
0.10 0.402 0.301 0.517
0.14 0.338 0.253 0.424
0.18 0.306 0.203 0.413
0.22 0.285 0.211 0.372
0.26 0.264 0.198 0.340
0.30 0.265 0.189 0.332

Values are presented as median, and 5th and 95th percentile
(perc.).
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Table 3.  –  Relative standard deviation of effective air-
space dimension (EAD) measured in two subjects (Nos.
1 and 2) three times a month over a period of 6 months
(18 single measurements), as a function of relative volu-
metric lung depth Vp,r

Vp,r No. 1 No. 2
% %

0.02 18 23
0.04 14 11
0.06 14 7
0.08 14 6
0.10 11 6
0.14 10 6
0.18 9 6
0.22 9 8
0.26 12 8
0.30 14 11
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Fig. 5.  –  Relative population standard deviation of effective airspace dimensions (EAD) as a function of the average EAD measured for: a)
absolute volumetric lung depth (Vp) and relative volumetric lung depth (Vp,r); and b) for three levels of lung inflation, expressed as percentage of
total lung capacity (TLC).
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absolute lung depths on average 46% higher than the value
measured at 50% TLC.  In relative volumetric lung depths
beyond Vp,r = 0.1 the difference between EAD measured
at 50 and 85% TLC is about 15%, which is in agree-
ment with the model of isotropic lung inflation [19].

Variability of EAD can be reduced by normalizing
lung depth to end-inspiratory lung volume (VL).  Figure
5 shows the relative population standard deviation, σ, as
a function of EAD.  Figure 5a shows that σ decreases with
decreasing airspace size.  Furthermore, it can be seen that
σ measured in relative volumetric lung depths is 20–30%

smaller than σ measured in absolute lung depths.  Figure
5b illustrates the dependence of σ on lung inflation.  σ
measured at 85% TLC is as much as 60% smaller than
σ measured at 50% TLC.

For relative volumetric lung depths, multiple regres-
sion analysis shows a significant (p<0.01) dependency
of EAD on the subject's age (table 4).  For lung inflation
50% TLC this dependency was significant in relative
volumetric lung depths Vp,r >0.08, for 70% TLC in depths
Vp,r >0.06, and for 85% TLC even in lung depths Vp,r
>0.04.  No other significant dependencies were observed.



Discussion

ADAM versus lung models

The characterization of intrapulmonary airspace di-
mensions using aerosol-derived airway morphometry is
in reasonable agreement with the symmetrical morpho-
metric WEIBEL model A [17] and the YEH and SCHUMM

model [18].  However, some differences are evident.
Both lung models predict considerably larger airspace
dimensions in relative volumetric lung depths beyond
Vp,r >0.15 than those measured using the aerosol tech-
nique.  For these lung depths, the Weibel model predicts
an airspace calibre of 0.4 mm, the Yeh and Schumm
model predicts 0.38 mm; whereas, ADAM measured an
EAD of 0.26 mm.  This discrepancy might be due to the
fact that both lung models approximate the lung by a
simple serial structure in which all alveoli are located
beyond the 23rd bronchial generation.  In such a model,
alveoli are located in a volumetric lung depth of 1,100
mL (Yeh and Schumm) or 1,500 mL (Weibel).  In the
real lung, on the other hand, the same anatomical struc-
ture is located in different airway generations. Alveoli
may be reached from respiratory bronchioles (17th–19th
generation) as well as from alveolar ducts (20th–22nd
generation).  The path-length to reach alveolar structures,
which have an inner diameter of about 0.25 mm [20],
therefore differs considerably throughout the lung.  Alveoli
might, therefore, contribute considerably to EAD mea-
sured in volumetric lung depths 0.15 < Vp,r <0.3.  This
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Table 4.  –  Significant correlations between effective air-
space dimension (EAD) measured in various relative volu-
metric lung depth (Vp,r) at different levels of lung inflation,
expressed as percentage of total lung capacity (TLC),
and anthropometric and conventional lung function para-
meters estimated by multiple regression

Vp,r parameter

50% TLC
0.02
0.04
0.06
0.08 Age (0.0006)
0.10 Age (0.0006)

>0.10 Age (0.0002)

70% TLC
0.02
0.04
0.06 Age (0.0001)
0.08 Age (0.0001)
0.10 Age (0.0004)

>0.10 Age (0.0004)

85% TLC
0.02
0.04 Age (0.005)
0.06 Age (0.001)
0.08 Age (0.0006)
0.10 Age (0.003)

>0.10 Age (0.01)

The significance level of the relationship is given in parenthesis.

may explain why EAD values are smaller than airspace
dimensions predicted by the symmetrical lung models.

For relative volumetric lung depths between about
0.06 and 0.1, airspace dimensions measured with the
aerosol technique are higher than those predicted by the
models. The relationship between airspace dimensions
and lung depth given by the lung models exhibits in this
region (generation 19–21) a much higher bend than the
relationship measured using ADAM.  This difference
may, likewise, be explained by the fact that ADAM mea-
sures the average diameter of airways located at differ-
ent airway generations, and this causes a smoothing of
the steep bend predicted by the models.  The smoothing
effect on the measured EAD curve is amplified by the
resolution power of this technique.  It has recently been
shown that the longitudinal resolution power of ADAM
is decreased by the mechanisms of convective gas mix-
ing [4].  The resolution power decreases with increasing
lung depth, and this results in longitudinal averaging
of airspace diameters.

Effect of lung inflation

As reported previously [11], the measurement of air-
space dimensions with ADAM is hampered by the volu-
metric definition of the measuring site.  When the lung
volume is increased by inflating the lung, a certain absolute
volumetric lung depth represents different anatomical
sites within the lung; when the lung volume is increased,
the measurement site as defined by Vp is shifted proxi-
mally and vice versa.  Increasing the level of lung infla-
tion results in a real increase of airspace calibre, and in
an apparent increase due to the proximal shift of the mea-
suring site.  The results of this study support the approach
of using a relative volumetric lung depth to overcome
this artefact.  For Vp,r >0.1, dependency of EAD on the
level of lung inflation is reduced to a degree which is of
the same order as that expected from the model of isotro-
pic lung inflation [19].  However, for more proximal air-
ways the effect of the proximal shift of the measuring
site is overcompensated by normalizing Vp to the lung
volume.  This results in a slight decrease of proximal
EAD with increasing lung inflation. Presumably, this
effect is due to a lower distensibility of proximal air-
ways [21].

Variability of EAD

The introduction of relative volumetric lung depths
notably reduces the population standard deviation of
EAD.  This decrease in variability is presumably due to
the reduction of differences in EAD among subjects
with different lung volume, which were observed in
absolute volumetric lung depths. Relative volumetric
lung depths appear to be more suitable than absolute
volumetric lung depths for comparing EAD among
subjects.

In addition, variability of EAD can be used to char-
acterize basic features of ADAM.  The variability of air-
space dimensions, between individuals as well as within



and is explained by a loss of elasticity in ageing lungs.
Figure 6 shows EAD at lung depth Vp,r = 0.3 as a func-
tion of the subject's age.  Also shown in this figure is
the relationship between the mean linear intercept (MLI)
and age measured in autopsy lungs [24]. The obser-
ved excellent agreement between morphometrical and
aerosol-derived data, and between the slopes of the rela-
tionships EAD versus age and MLI versus age, further
support the hypothesis that ADAM is a sensitive tool for
detecting small changes in peripheral lung geometry.

In conclusion, in this study, aerosol-derived airway
morphometry was used to non-invasively study airspace
dimensions in 79 healthy subjects, in order to assess refer-
ence data for the future clinical application of ADAM
and to investigate the effect of lung inflation, anthropo-
metric, and lung function parameters on ADAM.  The
results show that peripheral airspace dimensions are in
good agreement with anatomical data.  The absolute sizes,
the distension behaviour, and the age dependency of
peripheral airspace calibre were observed to be similar
to results described in the anatomical literature.  For
peripheral airspaces a very low intersubject variability
was observed when EAD was expressed as a function
of relative volumetric lung depth and the measurement
was performed at a high level of lung inflation.  Taking
advantage of this small variability should lead to impro-
ved detection of small changes in peripheral airway
geometry.
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an individual, decreases with increasing lung depth.  For
airways with an EAD of about 2 mm, the population
standard deviation is more than three fold higher than
that observed for peripheral airways.  There are two
explanations for this observation.  Since EAD ~1/log(R),
the accuracy of the EAD measurement decreases rapidly
with increasing aerosol recovery from the lung.  But the
variability of EAD is even more affected by the uncer-
tainty in volumetric lung depth.  This lung depth is de-
fined as the volume between the sensitive volume of the
aerosol photometer and those lung structures within
which a certain aerosol volume element is located dur-
ing the breathholding period.  It includes the oral cavity
and the pharynx.  Both volume fractions are quiet vari-
able.  RIVLIN et al. [22] measured oropharyngeal volumes
in healthy male subjects and found a 20 cm3 intersub-
ject variation, which will cause a corresponding varia-
tion in volumetric depth.  Since the relationship between
EAD and the volumetric lung depth is very steep for Vp,r
<0.05, this variation in volumetric depth results in a con-
siderable variation in EAD, and may be assumed to be
responsible for the high intersubject variability observed
in those proximal lung depths.  In more peripheral air-
ways, this uncertainty in volumetric lung depth is of lit-
tle importance, since EAD is nearly independent of lung
depth.

This result is important for future clinical applications
of the technique: ADAM seems to allow the estimation
of peripheral airspace dimensions with high accuracy
and reproducibility. This capability is especially inter-
esting since most common lung function tests (spiro-
metry, body plethysmography) are not sensitive enough
to detect early changes in peripheral lung geometry [23].
On the other hand, the measurement of proximal EAD
using ADAM is less reproducible and less accurate.
However, since conventional lung function tests are
powerful tools to detect changes in calibre in proximal
airways, there is no need for new diagnostic techniques
to detect changes in such lung regions.  Thus, ADAM
appears to be appropriate for the detection of structural
changes in peripheral airways and would be best applied
as a supplement to conventional lung function tests.

Furthermore, intersubject variability is dependent on
lung inflation; with increasing lung inflation the popu-
lation standard deviation decreases. The difference
between the population standard deviation measured at
50 and 85% TLC reaches 50%.  This result indicates that
the application of ADAM should be performed at high
levels of lung inflation, where the lungs of different sub-
jects are more similar than at low lung volumes.

Correlation with age, anthropometric data, and conven-
tional parameters

The potential use of ADAM as a diagnostic tool becomes
evident after analysis of correlations of EAD with other
lung function parameters or anthropometric data.  Peri-
pheral EAD are only dependent on the age of the subject;
peripheral EADs increase with increasing age.  This
phenomenon is well-known from the literature [24, 25],
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