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ABSTRACT: The extent of respiratory dysfunction is not well characterised in children with

neonatal chronic lung disease (nCLD) too young to perform spirometry. Forced oscillations are

easily performed by healthy young children; however, they may be more difficult for those with

nCLD. The present study aimed to describe the feasibility of using the forced oscillation technique

in children with nCLD in a routine clinical setting and to investigate the influence of neonatal

factors on subsequent lung function.

Respiratory function tests were attempted in 64 patients with nCLD aged 3.2–6.6 yrs.

Respiratory resistance and reactance at 6, 8 and 10 Hz were expressed as z-scores derived

from a healthy reference population. The within-test variation and between-test repeatability were

also assessed.

Technically, satisfactory data were obtained from 77% of children. On grouped data, z-scores

for all oscillatory indices were different from zero and related to hospital oxygen administration in

the neonatal period.

In conclusion, the forced oscillation technique was feasible in preschool children with neonatal

chronic lung disease in the clinical outpatient setting. These children had lung function

significantly worse than that predicted from healthy children. Respiratory function assessed

using forced oscillations appeared to reflect the severity of lung disease during the neonatal

period.

KEYWORDS: Forced oscillations, lung function, neonatal chronic lung disease, paediatrics,

preschool children

N
eonatal chronic lung disease (nCLD) is
the most common chronic respiratory
disease in children and is primarily

related to premature birth and injury from the
required oxygen therapy and mechanical ventila-
tion [1]. Advances in neonatal care, including
antenatal corticosteroids and post-natal surfac-
tant therapy, have resulted in a gradual but
significant change in the pathogenesis, epide-
miology and clinical syndrome of nCLD [2].
Previously, nCLD was characterised by severe
airway epithelial lesions, airway smooth muscle
hyperplasia, extensive fibroproliferation and a
reduced number of alveoli [2]. During the post
1990s, infants with nCLD were more premature,
had less prominent airway pathology and instead
exhibited increased abnormalities of the lung
periphery, including failed alveolarisation with
relatively fewer, larger, simplified alveoli [3]. The
resulting respiratory dysfunction may persist
through to adolescence, and in severely affected
patients, chronic obstructive lung disease may
develop in adulthood [4]. Many studies of
respiratory function in infants [5–8], school

children [9–12] and adolescents with a history
of nCLD [13, 14] have demonstrated low lung
function. However, relatively few studies have
documented the severity of respiratory dysfunc-
tion among those children with a history of nCLD
born in the post 1990s, and the majority of
respiratory function techniques used were insen-
sitive to alterations of intraparenchymal airway
and lung tissue mechanics as seen in the ‘‘new’’
nCLD group [3].

The forced oscillation technique (FOT) allows the
measurement of the respiratory system impe-
dance (Zrs) and its components respiratory
resistance (Rrs) and respiratory reactance (Xrs).
Rrs includes the airway, lung tissue and chest
wall resistance, while Xrs represents the balance
of respiratory elastance and inertance [15]. FOT
has been shown to be feasible in children as
young as 3 yrs old and can be performed in a
routine clinical setting [16, 17]. FOT has pre-
viously been used in two studies of children with
nCLD [18, 19]. MALMBERG et al. [18] reported a
comprehensive assessment of respiratory function
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using both conventional methods (spirometry, static lung
volumes and gas transfer) and FOT in children at a mean age
of 8 yrs. VRIJLANDT et al. [19] used FOT and the interrupter
technique in a group of pre-term children with and without
nCLD and age-matched term controls aged 3–5 yrs. Both studies
reported worsening Rrs and Xrs values in children both with and
without nCLD compared with healthy controls; however,
neither study examined the potential effect of neonatal factors
on subsequent preschool respiratory function.

The FOT has not been applied in a population of young
children with nCLD in a clinical outpatient setting. Young
children with nCLD are more likely to have some degree of
intellectual and motor impairment than their healthy counter-
parts and, therefore, less able to produce technically acceptable
FOT measurements. The test results may also be more variable,
both within a testing session and between tests repeated at
short intervals, for example when measuring bronchodilator
(BD) responses.

In a prospectively recruited group of young children with
nCLD presenting at a tertiary paediatric respiratory outpatient
clinic the present authors aimed to investigate the feasibility
and short-term repeatability of measuring lung function using
FOT. Furthermore, the influence of perinatal factors predicting
lung function during preschool age in this group was
examined.

METHODS

Subjects
Children with a neonatal history of nCLD, born between 1998
and 2002, aged 3–7 yrs and attending the respiratory out-
patient clinics at Princess Margaret Hospital for Children
(Perth, WA, Australia), between May 2004 and July 2005 were
studied. All children were clinically stable and without
respiratory tract infections in the previous 2 weeks. nCLD
was defined as the use of supplemental oxygen for .28 days at
36 weeks post-menstrual age for infants with gestational age
(GA) at birth of ,32 weeks, and the use of supplemental
oxygen at 28 days of life for individuals with GA at birth
o32 weeks [20].

Neonatal information was obtained from the children’s
medical records and included GA, birth weight, Apgar scores
at 5 min, surfactant administration, the number of infections,
the presence of pneumothorax (PTX), diaphragmatic hernia
(DPH), hyaline membrane disease (HMD) and pulmonary
interstitial emphysema (PIE), the duration of conventional
mechanical ventilation (CMV) and continuous positive airway
pressure (CPAP), and days of supplemental oxygen therapy in
hospital and at home. Body weight and height at the time of
lung function were recorded, both in absolute and z-score
terms [21]. Recent inhaled corticosteroid (ICS) and BD use, as
well as respiratory symptoms, were also obtained from a
retrospective review of the child’s paediatric medical records.

Protocol
Measurements of forced oscillatory mechanics were performed
as previously described [17] and in agreement with recent
international FOT recommendations [15, 22]. Briefly, during
respiratory function testing, children were in a sitting position
with the head in a neutral position. Zrs spectra were measured

using a commercially available system (i2m; Chess Medical
Technology, Ghent, Belgium) and were collected using a
pseudo-random forcing signal, containing integer multiple
components between 2–48 Hz. The forcing signal was applied
to the respiratory system via a mouthpiece (RJVB2, SureGard
bacterial filter; Bird Healthcare, Port Melbourne, VIC,
Australia) during tidal breathing. A nose-clip was applied
and the child’s cheeks and lower jaw were supported by the
hands of the investigator. For each child, three to five
acceptable measurements were obtained, and the mean and
SD for Rrs and Xrs at 6, 8 and 10 Hz (denoted as Rrsf or Xrsf,
where f is the frequency) were reported. Measurements were
considered technically acceptable if the child adopted a regular
breathing pattern without artefacts introduced by speaking,
coughing, swallowing, glottic closure or leak around the
mouthpiece. In addition, if the coherence of three or more
individual frequency components was ,0.95, the measure-
ment was rejected.

To characterise the short-term repeatability of the FOT in
children with nCLD, two measurement sets were obtained
,15 min apart. BD responsiveness data from this group of
children were also assessed and the results published
elsewhere [23].

Statistical analysis
The distributions of continuous data were tested using a
Shapiro–Wilk test and are described as mean¡SD or median
(10th–90th percentiles) for normal and non-normal distribu-
tions, respectively.

Baseline forced oscillatory variables were expressed as z-scores
derived from a local population of 158 healthy preschool
children, aged 2–7 yrs, height range 92–127 cm, in whom Zrs

was measured using an identical FOT protocol. These healthy
children had no history of parentally reported wheeze or
asthma at any time of their life and no acute respiratory
infections within the past 3 weeks, and are described in detail
elsewhere [17].

The feasibility of FOT measurements in young children with a
history of nCLD was assessed from the children’s first attempt
at FOT testing. A test was considered successful if a minimum
of three acceptable measurements could be obtained. The
within-test variation of oscillatory variables was calculated
using the coefficient of variation of baseline lung function,
computed from SD divided by the mean of the acceptable
measurements. The between-test repeatability in both absolute
and z-score terms was evaluated using Bland and Altman
analysis [24]. The coefficient of repeatability was determined as
twice the SD of the differences between measurements.

Associations between neonatal and paediatric factors and the
derived z-score for each respiratory function variable were
evaluated by Spearman correlations for continuous data. The
influence of neonatal (PTX, PIE, DPH and HMD) and
respiratory (ICS and BD use and recent symptoms) factors on
respiratory function variables were analysed with two-tailed,
unpaired, independent t-tests considering these data as binary
variables (present/absent). Those factors found to influence
respiratory function at a statistical level of p,0.1 were
included in a stepwise multiple linear regression model in
which p-values f0.05 were considered statistically significant.
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RESULTS
The neonatal characteristics of the study population are shown
in table 1, while demographic data of the group at the time of
FOT testing are shown in table 2. At the time of testing, no
children had recent respiratory tract infections or presence of
respiratory signs on auscultation, as noted by the attending
physician.

Feasibility
Zrs measurements were attempted in 64 children with a history
of nCLD, with technically acceptable baseline measurements

obtained from 49 (77%) children. The proportion of children
successfully performing FOT increased with age; being 38%
(six out of 16) in 3-yr-old children, 78% (18 out of 23) in 4-yr-
olds and 100% (25 out of 25) in children aged o5 yrs.

The median (10th–90th percentiles) post-natal age of children
who were able to successfully complete oscillatory measure-
ments was 5.17 (3.6–5.9) yrs, with the youngest child being
3.2 yrs old.

Baseline and repeated lung function
The group mean data of all respiratory function variables were
significantly worse than the healthy reference group (p,0.001),
with increased Rrs and decreased Xrs. The within-test varia-
tions of Rrs and Xrs ranged between 5–7% and 12–14%,
respectively. Absolute and predicted respiratory function data
and within-test variation results are shown in table 3. Figure 1
shows the mean Rrs6 and Xrs6 for individual children.

The short-term repeatability protocol was attempted by 37
children, with paired data sets obtained from 19 (51%)
children. The between-test repeatability revealed no systematic
bias, with mean difference between the two sets of measure-
ments close to zero for all respiratory function indices (table 3).
Individual differences were equally scattered around the mean
difference, and not related to the magnitude of the measure-
ment, subject height or age. The Bland and Altman plots for
Rrs6 and Xrs6 are shown in figure 2.

Associations between clinical factors and lung function
Neonatal factors found to influence FOT variables in a
univariate analysis were the presence of HMD (Rrs and Xrs at
all frequencies; p,0.01); duration of CMV (Xrs6; p,0.1) or
ventilation support (CMV and CPAP; Xrs6 and Xrs8; p,0.1);
duration of oxygen supplementation in hospital (Rrs and Xrs at
all frequencies; p,0.01); and total supplemental oxygen
duration (Xrs6, Xrs8 and Xrs10; p,0.1).

Recent inhaled therapy (ICS or BD) use or parentally reported
respiratory symptoms did not significantly alter FOT z-scores
(p.0.3). There were no relationships between age, height,
weight or sex and respiratory function. Using multiple linear
regression modelling, the only clinical factor found to
contribute significantly to subsequent respiratory function
was duration of oxygen therapy in hospital, with increasing
duration significantly associated with worsening Rrs and Xrs

(table 4). The relationships between duration of oxygen
therapy in hospital and Rrs6 and Xrs6 are shown in figure 3.

DISCUSSION
The present study is the first to report the use of the FOT in a
group of young children with a history of nCLD and
prematurity, attending paediatric respiratory outpatient
clinics. In addition, associations are reported between neonatal
oxygen therapy duration and subsequent lung function. It has
been demonstrated that the use of FOT to obtain objective
measurements of respiratory function is feasible in this group
in a clinical outpatient setting with acceptable within-test
variations, similar to those reported in other patient groups of
the same age. Repeatability of the oscillatory mechanics over a
15-min period verified that there was no systematic bias of
measurements, demonstrating that the FOT is a stable

TABLE 1 Neonatal characteristics of study population

Subjects (M/F) n 49 (23/26)

Gestational age weeks 26 (24–30)

Birth weight g 860 (630–1175)

Apgar at 5 min 8 (5–9)

Surfactant administration 38 (78)

Neonatal conditions#

PTX 3 (6)

DPH 11 (23)

PIE 4 (9)

HMD 41 (87)

Neonatal infection" 29 (64)

Number of infections 1 (0–4)

Duration of treatment days

CMV 11 (1–51)

CPAP 9 (2–30)

CMV and CPAP 30 (5–64)

Oxygen

In hospital 87 (53–130)

At home 65 (25–158)

Total 157 (91–302)

Data are presented as median (10th–90th percentiles) or n (%), unless

otherwise stated. M: male; F: female; PTX: pneumothorax; DPH: diaphragmatic

hernia; PIE: pulmonary interstitial emphysema; HMD: hyaline membrane

disease; CMV: conventional mechanical ventilation; CPAP: continuous positive

airway pressure. #: n547; ": n545.

TABLE 2 Demographic data of the children at the time of
testing

Subjects (M/F) n 49 (23/26)

Age yrs 5.17 (3.6–5.9)

Height cm 106 (96–113)

Height z-score# -0.46 (-1.79–0.41)

Weight kg 16.4 (13.9–19.9)

Weight z-score# -0.42 (-2.01–0.65)

Recent treatment"

ICS 8 (18)

BD 13 (29)

Recent respiratory symptoms" 28 (62)

Data are presented as median (10th–90th percentiles) or n (%), unless

otherwise stated. M: male; F: female; ICS: inhaled corticosteroid; BD:

bronchodilator. #: derived from British growth percentiles [21]; ": n545.
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measurement method in these young children with nCLD
within the outpatient setting. Both airway and respiratory
tissue mechanics of this population of young children with
nCLD were significantly worse compared with healthy
children, with increased Rrs and decreased Xrs being demon-
strated. Respiratory function at preschool age was found to be

related to the duration of oxygen administration in the
neonatal period, suggesting that lung function measured with
FOT is sensitive to the severity of neonatal lung disease.

Feasibility
The present study demonstrated that the FOT is feasible for
use in young children with a history of nCLD in the clinical
setting and that older children were more likely to be able to
master the technique. Previous studies in healthy preschool
children showed a comparable success rate in children aged
o4 yrs, but a greater feasibility in children aged 3 yrs (65
versus 38%) [25]. The lower success rate in young children with
nCLD may be due to intellectual, neuro-developmental delay
and/or motor impairments, which are recognised sequelae of
pre-term birth. These delays may result in a shift to lower age-
related success rates when compared with healthy children. In
the present study, developmental delay was not quantified;
therefore, the authors cannot comment directly on this effect. It
is likely that with subsequent clinical visits and increased
familiarisation with the laboratory and testing requirements,
feasibility of successful measurements would increase. Indeed,
in a population of young children with cystic fibrosis (CF) in
the outpatient setting, it was reported that successful FOT
measurements could be obtained, on average, after two or
three visits [26]. DUCHARME and DAVIS [27] reported successful
measurements of respiratory function using the FOT in 65% of
preschool children with acute asthma presenting to the
emergency department, and also showed progressively greater
success rates with increasing age: 19% for age 3 yrs; 40% for
4 yrs; and 83% for 5 yrs. The lower success rates in obtaining
acceptable FOT measurements reported by DUCHARME and
DAVIS [27] are understandable, as the children performed lung
function during an acute respiratory illness.

Repeatability
Based on the present study, FOT in young children with nCLD
yields clinically acceptable within-test variation and between-
test repeatability. The within-test variation of Rrs6 and Rrs8

ranged between 5–7% and is comparable with the previous
reports of 5–10% [17, 18, 25, 28]. Reactance exhibited a within-
test variation of 14% for both Xrs6 and Xrs8, similar to values of
17–20% reported in healthy children [17] and 16–17% reported
by BISGAARD and KLUG [29, 30].
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FIGURE 1. a) Respiratory resistance at 6 Hz (Rrs6) and b) respiratory

reactance at 6 Hz (Xrs6) in relation to height in 49 young children with a history of

neonatal chronic lung disease. Data are plotted as individual mean measurements.

–––: predicted, upper and lower limits of normal (¡2 z-scores) derived from a

healthy reference population.

TABLE 3 Mean baseline respiratory function and between test repeatability

Rrs6 Rrs8 Rrs10 Xrs6 Xrs8 Xrs10

Baseline respiratory function hPa?s?L-1 11.39¡2.14 10.82¡1.93 9.81¡1.71 -5.17¡1.39 -4.24¡1.24 -4.16¡1.22

z-score# 1.28¡1.07*** 1.28¡1.05*** 1.03¡1.03*** -1.41¡1.10*** -1.26¡1.17*** -1.00¡1.11***

Within-test variation % 6.7¡2.9 5.6¡2.5 5.6¡2.6 14.3¡7.5 14.3¡7.2 12.2¡5.6

Between-test repeatability

Absolute mean difference hPa?s?L-1 -0.24¡1.28 -0.25¡1.25 -0.75¡2.20 0.10¡1.07 0.08¡1.03 0.24¡1.26

z-score mean difference# -0.12¡0.89 -0.14¡0.72 -0.24¡0.60 0.08¡0.89 0.07¡1.00 0.07¡0.85

Data are expressed as mean¡SD. Rrs6, Rrs8, Rrs10: respiratory system resistance at 6, 8 and 10 Hz, respectively; Xrs6, Xrs8, Xrs10: respiratory system reactance at 6, 8 and

10 Hz, respectively. #: expressed in standardised SD units. ***: p,0.001 for comparison with reference group [17].
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Bland and Altman analysis of between-test repeatability
showed a mean difference between the two sets of measure-
ments close to zero, indicating no systematic bias was
introduced; this is in agreement with previous studies [17,
18, 25, 26]. The coefficients of repeatability in the current study
were 2.6 and 2.1 hPa?s?L-1 for Rrs6 and Xrs6, respectively,
similar to coefficients of repeatability in healthy young
children (1.8–2.0 and 1.2–1.7 hPa?s?L-1 for Rrs and Xrs,
respectively) and children with CF (2.1–2.5 and 1.3–
1.5 hPa?s?L-1 for Rrs and Xrs, respectively) [17, 26]. MALMBERG

et al. [18] reported coefficients of repeatability of 0.8 and
0.9 hPa?s?L-1 for Rrs5 and Xrs5, respectively, in 19 children
following placebo inhalation, while KLUG and BISGAARD [25]
reported coefficients of repeatability in 120 children aged 2–
7 yrs for Rrs5 and Xrs5 of 2.6 and 2.0 hPa?s?L-1, respectively.

Resistance and reactance
In the present study, preschool-aged nCLD children had
significantly worse respiratory function than those reported
in a local, contemporary, age- and height-matched healthy
population [17], as evidenced by the increased Rrs and

decreased Xrs group mean z-scores, respectively. The present
authors recognise that children born prematurely are likely to
be shorter for their post-natal age; indeed, the median height z-
score for age of this group was -0.46. However, this is not likely
to explain the abnormalities in lung function reported in the
present study.

The altered lung function reported in the current study is
similar to that of VRIJLANDT et al. [19] in young children and of
MALMBERG et al. [11] in older children. VRIJLANDT et al. [19]
reported FOT mechanics in young children both with and
without a history of nCLD, demonstrating increased Rrs and
decreased Xrs in both groups when compared with a healthy
control group. Interestingly, the only significant difference
between pre-term children with and without nCLD was in
measures of reactance, suggesting an increased involvement of
peripheral lung mechanics in pre-term children with nCLD.
MALMBERG et al. [11] reported poor Rrs and Xrs values in
children born prematurely with a history of nCLD at an
average age of 8 yrs. These children also demonstrated
reduced gas exchange, suggesting impairments of alveolar
development as previously proposed [3]. However, neither of
these studies tested the feasibility of using FOT within the
clinical outpatient setting or examined the potential effects of
neonatal factors on subsequent preschool respiratory function.

In the present study, there was a tendency for Rrs and Xrs to
deviate further from normality at lower frequencies; i.e. mean
z-scores at 6 Hz were shifted further from normal than z-scores
at 10 Hz. Reactance reflects the combination of elastance and
inertance. The influence of elastance decreases as the frequency
of the forcing function increases; however, the frequency range
used in the current study (6–10 Hz) is too small to make
meaningful comments about reflections of physiological
properties revealed by the different frequencies.

Correlation between neonatal factors and subsequent lung
function
The period from 24 weeks gestation until birth is clinically
significant, encompassing the canalicular, saccular and alveolar
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FIGURE 2. Bland and Altman plots for a) respiratory resistance at 6 Hz (Rrs6)

and b) respiratory reactance at 6 Hz (Xrs6), comparing measurement sets ,15 min

apart for repeatability. Data are plotted as the difference between measurement

sets versus the mean of the two measurement sets. –––: mean of the difference and

the upper and lower limits of agreement.

TABLE 4 Stepwise multiple linear regression analysis
demonstrated association between the duration
of hospital oxygen administration and respiratory
function later in life

R2 B p-value

Rrs6 0.224 0.473 0.006

Rrs8 0.186 0.431 0.014

Rrs10 0.182 0.427 0.015

Xrs6 0.150 -0.388 0.028

Xrs8 0.194 -0.440 0.012

Xrs10 0.142 -0.377 0.033

R2: R-square coefficient of determination; B: standardised regression coeffi-

cient; Rrs6, Rrs8, Rrs10: respiratory system resistance at 6, 8 and 10 Hz,

respectively; Xrs6, Xrs8, Xrs10: respiratory system reactance at 6, 8 and 10 Hz,

respectively.
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stages of lung development [31]. Normal growth and develop-
ment is disrupted by premature birth and subsequent airway
and lung injury, and this may account for respiratory dysfunc-
tion in later life [4]. In the present study, approximately one
quarter of the children had abnormal lung function (i.e. outside
the upper or lower limits of normal for Rrs and Xrs, respectively)
and those children with abnormal lung function had received
significantly more supplemental oxygen therapy (p,0.03 and
p,0.001 for Rrs6 and Xrs6, respectively). These results would
suggest abnormal lung function as defined by FOT z-scores is
related to the severity of neonatal lung disease. Longitudinal
studies are required to define the role of FOT in assessing the
efficacy of inhaled therapies in this group of patients. There are
few reports characterising the lung function of patients with
nCLD beyond the first 2 yrs of life, particularly the associations
between neonatal events and later lung function in individual
subjects with a history of nCLD. Studies in school-aged children
and adolescents with a history of nCLD have demonstrated
relationships between neonatal treatments and lung function
later in life [32], although these studies are primarily in those
patients described as having ‘‘classic’’ nCLD.

The present study is the first to examine the relationships
between clinical correlates of neonatal disease severity and
subsequent lung function in young children with ‘‘new’’

nCLD. While the current authors suggest that abnormalities in
Xrs seen in the present study are a reflection of both the
severity and pathology of ‘‘new’’ nCLD, this cannot be directly
confirmed. In a study of infants with ‘‘new’’ nCLD, MAHUT et
al. [33] reported a dissociation between airway function, as
measured by maximal flow at function residual capacity, and
computed tomographic abnormalities, suggesting a decreased
airway involvement in the pathology of ‘‘new’’ nCLD. Studies
combining new lung imaging approaches in young children [34]
and lung function methods sensitive to peripheral mechanics,
such as FOT, are required to address these issues in detail. In
particular, techniques capable of determining alveolar surface
area in vivo are likely to be informative. However, without such
data, interpretations of changes in lung function will remain
speculative.

Study limitations
The results of the present study have demonstrated that FOT
can be used as a clinical tool to objectively measure lung
function, with acceptable measurements obtained in .75% of
children aged o4 yrs. The feasibility of obtaining acceptable
FOT measurements in differing patient cohorts may differ and
be related to age at presentation, training of children [26],
disease history and/or severity of developmental delay
associated with pre-term birth. The children studied were part
of a follow-up service for infants with nCLD discharged from
neonatal tertiary care while still receiving supplemental
oxygen and, therefore, represent a group of children at the
moderate-to-severe part of the nCLD spectrum [20]. It would
therefore be expected that the proportion of successful FOT
measurements would be higher in children with mild nCLD or
those studied in a nonclinical environment.

The primary aim of the present study was to document the
feasibility of using FOT to determine respiratory function in
children with a history of nCLD in a clinical setting. As a
result, the present authors cannot comment on the presence or
severity of respiratory dysfunction in pre-term children with-
out nCLD or with differing disease severity to those in the
present study. As the children studied were presenting at
respiratory outpatient clinics, information on a number of
antenatal and post-natal factors known to influence respiratory
health could not be comprehensively documented, including
atopy and in utero and environmental tobacco exposure. Thus,
while the present study demonstrated an influence of neonatal
oxygen treatment on subsequent respiratory function, other
factors cannot be excluded from influencing lung function at
preschool age. Longitudinal studies of infants and children
with nCLD are required to address these important issues and
provide important information for future healthcare planning
in this patient group.

In conclusion, the present study has demonstrated that the
forced oscillation technique is feasible and repeatable in young
children with a history of neonatal chronic lung disease.
Compared with healthy preschool children, children with
neonatal chronic lung disease have poorer lung function with
higher respiratory resistance and lower respiratory reactance.
Duration of oxygen therapy in hospital was found to be
significantly associated with respiratory function during pre-
school age. It can be concluded that the forced oscillation
technique is a simple, repeatable technique capable of
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FIGURE 3. Correlation between duration of oxygen therapy in hospital in the

neonatal period and a) respiratory resistance at 6 Hz (Rrs6) and b) respiratory

reactance at 6 Hz (Xrs6), assessed at age 3–7 yrs.
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providing clinically useful measurements of respiratory func-
tion in young children with a history of neonatal chronic lung
disease. Importantly, data from the present study suggest that
respiratory function as assessed by the forced oscillation
technique is reflective of the severity of lung disease during
the neonatal period.
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